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APPENDIX  K. 

IMPROVEMENT  OF  THE  HARBORS  OF  MOBILE,  ALABAMA,  AND  OF  PENSA- 
COLA  AND  CEDAR  KEYS,  FLORIDA,  OF  TAMPA  BAY  AND  APALAOHICOLA 
BAY,  FLORIDA,  AND  OF  CERTAIN  RH^ERS  IN  GEORGIA,  ALABAMA. 
FLORIDA,  AND  MISSISSIPPI  EMPTYING  INTO  THE  GULF   OF  MEXICO 


RErOliT  OF  CAPTAIN  A.  X.  DAMRELL,  CORPS  OF  ENGISEERS,  BIT.  MAJOR, 
U.  S.  J.,  OFFICER  IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
:M),  ie>0,   WITH  OTHER  DOCUMENTS  RELATING  TO  THE  WORKS, 

United  States  Engineer  Office, 

MohilCj  Ala.,  Atigust  IG,  18S0. 

General:  I  have  the  honor  tx)  transmit  herewith  annual  reports  for 
the  year  1879-'80,  for  the  river  and  liarbor  improvements  under  my 
charge. 

A'ery  respectfully,  your  obedient  servant, 

A.  K.  Damrell, 

Captain  of  IJngineers, 
The  Chief  of  Engineers,  U.  S.  A. 


K  I. 

improvement  of  the  harbor  at  mobile,  ALABAMA. 

As  early  as  182C  Congress  made  an  appropriation  for  this  work,  and 
from  that  date  until  1857  a  total  of  $228,830.60  had  been  appropriated. 
The  records  in  this  office  do  not  show  how  much  of  this  sum  was  ex- 
pended. The  work  done  was  the  dredging  of  a  channel  200  feet  wide 
and  10  feet  deep  through  Choctaw  Pass  Bar,  and  the  partial  dredging 
of  a  channel  through  Dog  liiver  Bar  10  feet  deep  (width  not  known). 
The  former  cut  had  shoaled  to  7^  feet  up  to  1860,  while  the  latter  was 
found  unchanged.  In  1870  it  was  found  that  a  narrow  channel  of  7^ 
feet  depth  still  existed  through  Choctaw  l^ass  Bar,  and  that  portions  of 
Dog  River  Bar  Channel  had  shoaled  to  8^  feet. 

Under  an  ap])ropriation  of  $50,000  made  by  act  of  Congress  ap- 
proved July  11, 1870,  for  this  improvement,  dredging  operations  through 
these  bars  were  resumed  in  the  fall  of  the  same  year,  and  continued 
until  September,  1876,  under  a  total  of  appropriations  of  $401,000  to 
that  date.  This  amount  was  entirely  expended,  and  with  it,  by  dredging, 
a  channel  has  been  opened  13  feet  deep  at  mean  low- water  from  Mobile 
to  the  13-foot  curve  in  the  bay,  with  a  width  of  300  feet  through  Choc- 
ta/W  Pass  Bar,  and  of  200  feet  through  Dog  River  Bar,  and  to  the  close  of 
the  present  year  this  channel  has  retained  its  original  depth.  A  state- 
ment furnished  me  by  the  pilots  shows  that  twenty  vessels,  drawing 
between  13  and  14  feet,  have  passed  through  it  during  the  past  season. 

By  act  of  Congress  approved  June  18,  1878,  the  sum  of  $10,000 
was  appropriated  to  be  applied  to  making  tests,  surveys,  and  borings, 

'-     .'■;         ;■   '■'^y-  ''~'  -^JP 


1050  REPOKT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

o  determine  whether  theshi})  channel  now  leading  from  the  lower  anchor- 
age in  Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22 
feet,  or  any  less  draught  above  13  feet,  to  the  wharves  of  the  city  of 
Mobile. 

Under  this  ai)i)ropriation,  after  necessary  preparations,  field  work 
was  commenced  in  August  and  continued  until  the  close  of  the  last  fiscal 
year,  but  on  account  of  unfavomble  weather  could  not  be  completed^ 
By  January  1, 1879,  the  work  had  far  enough  advanced  to  enable  me  to 
make  a  preliminary  report,  which  was  forwarded  January  7,  and  is  con- 
tained in  Ex.  Doc.  No.  38,  Forty-third  Congress,  and  by  act  of  Congress 
.approved  March  3, 1879,  an  appropriation  of  $100,000  was  made  for  deep- 
ening the  channel  up  the  bay  to  17  feet. 

At  the  beginning  of  the  present  fiscal  year  the  surveying  party  en- 
gaged in  the  survey  of  this  bay  continued  their  work  by  taking  sound- 
ings, making  borings,  and  extendhig  the  survey  to  the  outer  bar,  and 
completed  their  labors  in  August,  1879,  when  final  reports,  mai)s,  &C., 
were  commenced. 

On  October  14,  1879,  a  final  report,  with  plans  and  estimates  for  ob- 
taining a  channel  of  17  feet  and  of  22  feet  depth,  submitting  sevenil 
projects  for  contem])lated  improvements,  were  forwarded  to  the  Chief  of 
Engineers.  This  i-eport,  as  well  as  my  preliminary  I'eport  of  1879,  were 
submitted  by  the  Chief  of  Engineers  tx)  the  Board  of  Engineers  for  For- 
tifications and  for  Eiver  and  Harbor  Improvements  for  consideration. 
By  letter  dated  February  4, 1880,  tlie  Board  of  Engineers  requested  to 
be  furnished  with  additional  information  in  regard  to  the  work,  which 
was  forwarded  by  letter  of  March  4,  1880. 

By  letter  dated  March  26,  a  co])y  of  the  report  of  the  Board  of  Engi- 
neers was  transmitted  to  me,  with  the  recommendation  of  the  Chief  of 
Engineers,  approved  by  the  Secretary  of  War,  that  the  appropriation 
made  by  the  river  and  harbor  act  of  March  3, 1879,  for  improving  Mobile 
Harbor  to  secure  a  17-foot  channel,  be  applied  to  the  17-foot  channel 
recommended  by  the  Board  of  Engineers.  In  acconlance  with  instruc- 
tions contained  in  the  same  letter,  the  following  project  for  the  prosecu- 
tion of  this  work  during  the  next  fiscal  year  wa«  submitted  by  letter  of 
March  3^  1880,  viz:  Dr^ging  the  present  channel  to  a  depth  of  17  feet 
and  a  width  of  200  feet  throughout  its  entire  length,  and  an  experi- 
mental cut  22  feet  deep,  100  feet  wide,  and  300  feet  long,  on  Dog  liiver 
Bar ;  that  the  work  be  done  by  contract,  if  after  due  advertisement  sat- 
isfactory bids  could  be  obtained.  By  letter  dated  April  3,  1880,  this 
project  was  approved,  with  instructions  to  advertise  for  proposals.  Ad- 
vertisements were  published  under  date  of  Ai)ril  17,  and  on  May  20, 1880, 
five  bids  were  received,  which,  with  abstract  of  bids  (copy  of  which  is 
attached),  were  forwarded  to  the  Chief  of  Engineers  by  letter  date<l 
May  21. 

These  proi>08al8  being  deemed  unreasonably  high,  the  Chief  of  Engi- 
neers, by  letter  dated  May  31,  authorized  the  rejection  of  all  bids  and 
the  suspension  of  further  aotion  in  the  matter  until  after  the  passage  of 
the  river  and  harbor  bill  pending  before  Congress.  By  act  of  Congress 
approved  June  14, 1880,  an  appropriation  of  $125,000  wa«  made  for  the 
fiscal  year  ending  June  30,  1881,  and  the  following  project  for  the  ex- 
penditure of  this  and  the  former  appropriation  of  $100,000  for  improv- 
ing Mobile  Harbor,  to  secure  a  17-foot  channel,  according  to  the  plan 
recommended  by  the  Board  of  Engineers,  the  Chief  of  Engineers,  and 
approved  by  the  honorable  Secretary  of  War,  viz : 

Dredging  the  present  channel  to  a  depth  of  1 7  feet  and  a  width  of  200 
feet  the  entire  length,  and  an  experimental  cat  22  feet  deep  and  100  feet 
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Avide  and  300  feet  long  on  Dog  River  Bar;  to  advertise  for  bids  for 
dredging  1,200,000  cubic  yards,  more  or  less,  or  until  the  appropriationa 
of  $225,000  are  exhausted,  and  if  a  satisfactory  bid  be  received,  that 
the  work  be  done  by  contract,  otherwise  such  dredging  machinery  and 
outfit  as  may  be  hereafter  approved  as  the  best  adapted  for  the  work 
be  purchased,  and  the  work  carried  on  under  the  immediate  direction  of 
tliis  office. 

The  appropriation  of  $500,000  asked  for  for  the  fiscal  year  ending  June 
30, 1882,  it  is  proposed  to  expend  in  continuing  and  completing  the  work 
of  dredging  a  17-foot  channel  200  feet  wide  from  the  lower  bay  to  the 
wharves  at  Mobile. 

The  estimated  cost  for  the  completion  of  this  irai>rovement  is $820, 000  OO 

Ai)propriatioD8  now  available 225, 000  00 

Amount  required  for  completion  . ., 595,000  OO 

As  to  the  permanency  of  this  improvement  when  completed,  or  the 
probable  cost  of  maintaining  the  depth  contemplated,  no  definite  opin- 
ion can  be  formed  until  the  larger  portion  of  the  work  has  been  completed. 

An  appropriation  of  $500,000  is  asked  for  for  the  fiscal  year  ending 
Jnne  30,  1882,  which  could  be  profitably  expended  in  completing  the  17- 
<oot  channel,  200  feet  wide,  from  Mobile  to  the  lower  bay.  The  statistics 
furnished  me  by  the  collector  of  the  port,  given  below,  will  show  the 
present  commerce  of  Mobile ;  352,391  bales  of  cotton  were  received  dur- 
ing the  year.  As  to  the  probable  increase  of  the  commerce  of  this  place 
upon  the  completion  of  a  deep-water  channel,  I  would  respectfully  refer 
to  my  final  report,  published  in  Ex.  Doc.  No.  64,  Forty-sixth  Congress^ 
second  session,  page  8. 

Tliis  work  is  situated  in  the  collection  district  of  Mobile,  and  Mobile  is  the  iiort  of 
entry. 

The  following  statistics  have  been  furnished  me  by  the  collector  for 
fiscal  year  ending  June  30, 1880 : 

COMMERCIAL  STATISTICS. 


Toimage. 


VesBola. 

Coastwise  aixivala I  87  24,925 

Coastwise  clearances     i  54  18,686 

American  vessels  entered I  68  !           22,075 

Foreie:n  vessels  entered I  62  j           40,422 

Amencan  vessels  cleared |  85  1           23,980 

Foreign  vessels  cleared I  71  35,940i^ 


Value  of  domestic  exports  to  foreign  conntries  from  Mobile,  for  fiscal 
year  ending  Jnne  30,  1860 $7,187,975  Oa 

Value  of  imports  of  foreign  goods  port  of  Mobile,  for  the  fiscal  year  end- 
ing JunelJO,  1880 430,2ir7  OO 

Totid  amount  of  revenue  collected  at  port  of  Mobile,  for  fiscal  year  end- 
ing June  30,  1880 63,946  09 

Money  statement. 

July  1,  1879,  amount  available $102,770  62 

Amount  appropriated  by  act  approved  June  14,  1880 125, 000  00 

$227, 770  62 

July  1,  1880,  amount  expended  during  fiscal  year 2, 886  62. 

July  1,  1880,  amount  available 224,884  00 


Amount  (e8timat>ed)  required  for  completion  of  existing  prqject $595,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    500, 000  OO 


1052  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 


Xo. 


1 
2 


Abstract  of  bids  received  and  opened  May  20,  1880, /or  dredging  in  Mobile  Harbor,  Ala. 

Time  of  completing  work. 


3 

4 

5 


Name  of  bidder. 


JameH  E.  Slaasliter  . . 
S.N.  Klmbull 


George  C.  Fobes  Sc  Co. 

Cbarlm  Fitzslmons   . . 
J.  W.  Kiimsey 


Price  per  oabic 
yard. 


$0  20.9 
25 

24.9 

30 
27 


Time  of  commenciug  work. 


October  15. 1880 

Three  mouths  after  execu- 
tion of  contract. 

Ninety  days  after  signing 
contract. 

Not  given 

.^o 


October  16. 1881. 

One  year  from  date  of  com- 

raenc^nient  of  work. 
One  year  ftt>m  dat«  of  com- 

menceineut. 
Not  given. 
Do. 


SURVEY     OF     MOBILE     HARBOR,    ALABAMA,    WITH     REGARD     TO     ITS 

FURTHER    IMPROVEMENT. 

Tlie  act  approved  June  18, 1878,  directed  the  amount  appropriated, 
^10,000,  to  be  applied  to  inakiug  tests,  surveys,  and  borings  to  deter- 
mine whether  the  ship  channel  now  leading  from  the  lower  anchorage  in 
Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing  22  feet  or 
any  less  draught  above  13  feet  to  the  wharves  of  the  city  of  Mobile. 

Preparatory  work  was  commenced,  under  this  act,  on  the  12th  of  July, 
1878,  and  the  field  work  on  the  15th  of  August.  A  preliminary  report 
was  made  on  the  7th  of  January,  1879,  which  is  contained  in  Senate  Ex. 
Doc.  No.  38,  Forty-fifth  Congress,  third  session.  The  work  was  termi- 
nated on  the  1st  of  September,  1879,  and  the  final  report  commenced. 

During  this  time,  in  addition  to  the  labor  of  collecting  outfit  and  or- 
ganizing, soundings  were  made  ftom  a  point  in  Mobile  Eiver  opposite 
Beauregard  street,  near  the  upper  limit  of  the  city  of  Mobile,  down  the 
river,  and  through  the  channel  dredged  under  Congressional  appropria- 
tions from  1871  to  1877 ;  also  throughout  Garrow's  Bend  (just  below 
Choctaw  Point)  and  down  the  western  shore  of  the  bay  to  Alabama 
Port  (the  nearest  imut  on  the  mainland  to  deep  water) ;  thence  to  the 
18-foot  curve  in  the  lower  anchorage ;  across  the  upper  end  of  the  bay, 
across  the  lower  end  or  entrance,  and  at  various  other  points. 

Borings  were  made,  at  intervals  of  2,000  feet,  from  a  point  in  Mobile 
lliver  oi)po8ite  Government  street,  near  the  center  of  the  city  front, 
down  the  present  channel,  beyond  Dog  lliver  Bar,  and  from  there,  at 
inter\'als  of  a  mile,  about,  to  the  18-foot  curve  at  the  lower  anchorage, 
a  distance  (total)  of  about  27  miles.  Other  borings  were  made  along 
the  western  shore.  All  of  them  were  made  to  a  depth  of  26  feet.  A 
line  of  levels  was  run  from  Cedar  Point  f  the  extreme  southern  ])oint  of 
the  wei^tern  mainland)  up  to  the  Mobile  and  Montgomery  Eailroad 
Bridge,  across  Mobile  Kiver  (above  the  city),  a  distance  of  about  46^ 
miles. 

Triangulation  was  carried  over  the  entrance  of  Mobile  Bay,  including 
Ooffee,  Dixie,  Sand,  and  Pelican  islands,  east  end  of  Dauphin  Island, 
and  Mobile  Point,  over  that  portion  of  the  bay  included  between  the 
€a8tem  and  western  shores,  the  obstructions  on  the  south,  and  the 
mouths  of  the  Mobile,  Tensas,  Spanish,  Apalachee,  and  Blakeley  rivers 
on  the  north,  and  throughout  the  whole  length  of  the  Mobile  lliver. 

Cross-sections  and  current  observations  were  taken  of  all  the  above 
rivers,  and  of  all  their  important  tributaries,  inlets,  and  outlets,  where 
practicable. 

Samples  of  water  were  obtained  at  various  times,  localities,  and  depths, 
in  rivers  and  bay,  and  tested  for  sediment. 

The  usual  oflice-work,  plotting  notes,  arrangements  and  study  of  data, 
consumed  the  remainder  of  the  time. 
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The  results  obtaiued  from  the  work  are  as  follows : 

The  tide-gauge  observ^ations  indicated  a  total  average  rise  and  fall  of 
3  feet  iu  the  bay ;  that  the  tidal  current  tends  towards  the  eastern  shore, 
the  river  discharge  being  principally  carried  along  the  western  shore. 
(Ab  further  evidence  of  this,  the  eastern  shore  is  comparatively  free 
firom,  while  the  western  is  covered  with,  accumulations  of  drift  from  the 
rivers.) 

At  the  cut-off  in  the  Alabama  Eivei\  about  70  miles  above  the  head 
of  the  bay,  tidal  observations  indicated  a  rise  of  0.77  foot. 

The  soundings  showed  that  the  old  dredged  channel  has  maintained 
the  depth  obtained  in  1877,  and  that  there  is  now  a  good  channel  of  13 
feet  depth  way  through. 

The  following  is  a  list  of  vessels  drawing  13  feet  and  over  that  ar- 
rived at  and  departed  from  Mobile  during  ten  mouths,  without  meeting 
any  difficulty  in  the  cut,  with  the  high  tides  for  the  <M)rresponding  dates, 
as  indicated  by  the  tide  gauges,  the  average  mean  lo\\  tide  reading 
being  7'  2" : 


Oct 


Date. 


1878. 

Sept  15 

18 

22 

6 

16 

26 

KoT.  10 

15 

19 

25 

Deo.     9 

23 

1879. 

Jan.     7 

27 

3 

4 

5 

8 

10 

16 

25 

9 

18 

22 

23 

9 

11 

June    4 
4 


Pteb. 


Mar. 


May 


Name  of  veaael. 


Draught. ;^™"W« 


Schooner  Hary  J.  Cook 

Ship  Kate  Davenport 

Schooner  Normanda. 

Brig  Emily  T.  Sheldon 

Ship  LucNing  Hej'en 

Bark  Alfred      

Bark  Henry  Norwell 

Brig  John  D.  Tupper / 

Bark  Jens  Brandt 

Bark  Prim 

Schooner  Annie  S.  Connent 

Bark  Chriatiana 

Brig  Afton 

Brig  Gemma 

BrigDetmar 

BrigMeta 

BarkEidsiva 

Schooner  Annaa 

Bark  Ymchulo  

Bark  Ephi-aim  Williams 

Bark  Welaka 

BarkMedlor   

Schooner  L.  P.  Whitmore 

Bark  Zenlima 

Bark  Crescent 

Schooner  Rennie  Carleton 

Bark  Hans  ThlfS 

BrigPacilio 

Schooner  (Jeo.  W.  Tocheuow 


Feet.  In. 

13  0 

13  6 

13  6 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  0 

13  6 

13  0 

13  6 

13  0 

13  0 

14  0 

high-tide. 


Feet.  In. 

7 

00 

7 

30 

8 

40 

8 

20 

8 

30 

7 

90 

7 

65 

7 

7S 

7 

45 

6 

85 

8 

30 

6 

7I> 

6 

10 

7 

55 

7 

30 

7 

35 

7 

50 

6 

50 

7 

35 

8 

00 

8 

05 

7 

30 

8 

30 

8 

40 

7 

30 

8 

30 

8 

00 

8 

10 

8 

10 

The  banks  of  the  cut  were  also  found  generally  unchanged. 

The  water  in  Mobile  Biver,  below  Beauregard  street,  has  about  the 
same  depth  for  navigable  purposes  as  in  1871,  except  at  its  mouth,  where 
the  depth  appears  to  be  increasing  on  the  east  bank,  at  Pinto  Point,  and 
decreasing  on  the  west  bank,  at  Choctaw  Point,  outside  of  the  dredged 
channel,  however.  In  Garrow's  Bend  the  water  is  shoaling  rapidly  in 
toward  the  shore,  probably  caused  by  the  jetties  constructed  by  State 
authority  there  in  1872.  Generally  speaking,  no  material  changes  were 
found  in  the  body  of  the  bay.  The  borings  everywhere  indicated  about 
the  same  condition  of  the  bottom  for  the  same  depths.  Sand  mixed 
with  mud  and  shells  to  a  depth  of  about  14  feet,  and  below  this  to  the 
depth  of  20  feet,  the  extent  of  the  borings,  a  stiff  tenacious  clay,  hard 
on  top  and  softer  below.  The  same  fonnation  was  found  on  the  bluff 
banks  of  the  western  shore,  the  clay  being  from  12  to  15  feet  from  the 
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surface  or  about  the  water  level.    The  line  of  levels  inilicated  a  fall  of 
only  0.75  of  a  foot  in  46  miles. 

The  principal  features  shown  by  the  triangulation  are  the  extensive 
changes  that  have  taken  place  since  1856,  the  date  of  the  la^t  Coast  Sur- 
vey chart ;  1st,  at  the  entrance  of  the  hB>y  in  the  formation  of  the  two 
islands,  "  Coffee  ^  and  '*  Dixie,"  to  the  east  of  Sand  Island,  and  on  the 
opposite  side  of  the  main  ship-channel,  the  change  in  form  and  extent 
of  Sand  Island,  the  large  diminution  in  area  of  Pelican  Island,  the  wash- 
ing away  of  the  northerly  beaches  of  Dauphin  Island  and  Mobile  Point, 
and  the  deposit  on  the  corresponding  south  beaches. 

2d.  At  the  head  of  the  bay  in  the  extension  of  the  river  mouths  and 
their  bars  to  the  southward.  The  cross-sections  and  current  observa- 
tions indicate  an  aggregate  discharge  of  over  100,000  cubic  feet  per  sec- 
ond by  the  rivers  into  the  bay. 

The  sediment  observations  gives  100  grains  of  sediment  to  the  cubic 
foot  of  wat^r  as  the  average  amount  in  the  rivers,  and  decomposed  veg- 
etable matter  as  the  principal  component. 

Before  stating  the  conclusions  arrived  at,  or  opinion  formed,  I  would 
state,  it  was  not  considered  the  intent  of  Congress  to  restrict  the  survey 
to  a  study  of  only  a  single  project,  although  that  idea  might  seem  to  be 
conveyed  by  the  wording  of  the  act,  and,  therefore,  all  were  considered 
which  had  at  different  times  been  suggested  (so  far  as  I  could  learn)  or 
occurred  to  me,  for  the  relief  of  the  commerce  of  this  port,  as  follows : 

I.  Making  a  harbor  on  the  south  of  Dauphin  Island  and  connecting  it 
with  Mobile  by  rail. 

II.  Making  a  harbor  on  the  north  side  of  ])auphin  Island  with  rail- 
road connection. 

III.  Making  a  harbor  at  Alabama  Port  with  same  connections. 

IV.  Making  a  canal  inland  from  Mobile  to  Alabama  Port. 

V.  Damming  all  but  one  river,  improving  that  one,  and  directing  its 
discharge  into  the  bay  with  the  expectation  of  its  scouring  its  way  to 
deep  water. 

VI.  Using  the  tidal  current  for  scouring  a  channel  by  training  its 
flow  between  the  entrance  and  upper  end  of  the  bay  between  paralled 
walls. 

VI  I.  Dredging  a  channel  through  the  bay,  following  the  line  of  deepest 
wat-er,  and  carrying  the  dredged  material  to  a  safe  distance. 

VIII.  Dredging  and  scouring  a  channel  through  the  bay  by  damming 
all  but  one  outlet,  contracted  to  a  proper  width,  and  training  the  flow 
between  artiflcial  parallel  banks  to  deep  water  or  tidal  chanuel,  and 
dredging  out  or  stirring  up  all  material  that  would  not  scour. 

The  first  four  projects  are  not  believed  to  be  desirable  by  themselves 
(although  the  last  should,  and  probably  will  at  some  future  time,  be  carried 
out  by  private  enterprise,  and  would  be  of  great  importance  in  connec- 
tion with  the  work  recommended),  and  this  was  considered  so  apparent 
on  account  of  the  evident  cost,  direct  and  indirect,  in  necessary  construc- 
tion and  depreciation  of  values  in  the  present  city,  that  they  are  passed 
over  with  mere  mention. 

The  fifth  project  would  not,  in  my  opinion,  prove  successful.  The 
sixth,  I  think,  could  be  carried  out  to  a  successful  conclusion,  but  the 
cost  would  be  very  great. 

The  seventh  project  is  a  continuation  of  the  one  that  has  been  per- 
sistently followed  since  1827,  by  which  the  water  has  been  deepened 
from  a  minimum  depth  in  Choctaw  Pass  of  5  feet  6  inches,  and  on  Dog 
River  Bar  of  8  to  13  feet  throughout.    The  success  of  this  plan  so  far 
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proves  tlie  sagacity  of  the  various  eugineers  who  have  advocated  it,  and 
I  can  see  no  good  reason  why  it  cannot  be  carried  still  farther,  in  obtain- 
ing still  greater  depths,  and  be  equally  successful. 

The  eighth  prqject  is  a  combination  of  the  two  principal  ones  which 
have  been  continually  agitated  since  1827. 

Each  one  has  had  many  strong  and  able  believers,  who  have  asserted 
the  superiority  of  one  or  the  other  method,  verbally  or  in  print. 

The  great  objection  urged,  heretofore,  against  the  dredging  system 
has  been  that  a  cut  made  in  the  middle  of  a  large  shoal  bay,  receiving 
annually  from  its  tributaries  immense  quantities  of  sediment,  and  trav- 
ersed by  a  complicated  system  of  river  and  tidal  currents,  due  to  winds, 
tides,  and  river  discharges,  would  rapidly  fill  up.  This  argument  has 
been  disproved  by  the  facts  to  the  present  time. 

The  principal  objections  to  the  scouring  system,  or  combined  scouring 
and  dredging,  has  been  the  great  cost  of  training  the  flow  of  river  water 
through  the  bay  a  sufficient  distance  to  accomplish  the  desired  result, 
the  perishable  nature  of  such  training- walls,  if  built  of  such  materials 
as  could  be  obtained  at  a  reasonable  expenditure,  and  the  pwbable  for- 
mation of  a  bar  at  the  ends  of  the  dikes  or  jetties. 

As  the  scouring  power  of  the  large  volume  of  w  ater  daily  discharged 
by  the  various  rivers  into  Mobile  Bay  seemed  generally  to  be  recognized 
by  all  engineers  who  have  WTitten  or  expressed  opinions  in  the  matter, 
a  portion  of  the  time  consumed  in  the  survey  was  devoted,  and  a  great 
deal  of  study  given,  to  ascertain  if  there  was  any  way  to  utilize  this  force 
that  would  be  free  from  the  objections  mentioned,  with  results  as  fol- 
lows : 

The  river  water  can  be  all  emptied  into  ]\robile  Bay  through  one  mouth 
of  proper  cross-section  at  Choctaw  Point,  either  by  damming  all  outlets 
but  Mobile  liiver,  at  their  heads  or  at  their  mouths,  at  a  comparativelj" 
small  cost.  Thence  through  the  bay  parallel  walls  would  have  to  be 
constructed  to  near  a  point  where'  the  tidal  current  sweeping  by  their 
ends  would  be  strong  enough  to  prevent  the  formation  of  a  bar.  There 
is  such  a  point,  and,  therefore,  the  last  objection  has  no  weight.  To  re- 
tluce  the  force  of  the  others,  it  is  suggested  they  might  be  built  of  brush 
and  piles,  of  which  there  is  an  unlimited  supply,  of  easy  access,  along 
the  whole  length  of  the  western  shore  below  l)6g  River  Point,  to  be 
covered  first  with  material  excavated  from  the  bottom  with  a  dredge- 
boat,  and  afterwards  in  the  more  exposed  parts  with  stone  ballast  from 
vessels  arriving,  or  from  quarries  up  the  river,  and  that  the  channel  be 
carried  so  near  the  western  shore  that  but  one  strong  dike  need  be  built 
of  the  full  extent;  the  leiigth  of  the  other  being  materially  reduced  by 
the  portion  of  the  western  shore  which  might  be  utilized,  and  the  cost 
of  such  as  had  to  be  built  reduced  to  a  minimum,  by  the  fact  that  as  it 
would  not  be  exposed  to  rough  water  a  simple  inexpensive  construction 
would  answer. 

The  amount  that  would  be  removed  by  scour,  and  the  amount  that  would 
have  to  be  dredged  after  the  construction  of  the  training- walls,  I  am  not 
prepared  to  answer,  although  I  am  clearly  of  the  opinion  that  the  mat- 
ter is  worthy  of  consideration,  and  even  of  experimients,  if  necessary, 
before  undertaking  the  further  improvement  of  Mobile  Bay.  As  the 
character  of  the  improvement  and  the  amount  that  can  be  profitably 
expended  on  it  depends  upon  the  commerce,  present  and  prospective, 
that  is  to  be  provided  for,  such  reliable  irfformation  as  I  have  been  able 
to  obtain  is  here  given  as  to  the  former  and  facts  and  opinions  regard- 
ing the  latter.    The  work  is  situated  in  the  collection  district  of  Mobile, 
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and  Mobile  is  the  port  of  entry.    Its  commercial  statistics,  as  furnished 
by  the  collector  of  customs  for  the  last  fiscal  year,  is  as  follows : 


Yeasels. 


Coaatwise  arrivalfr 

Coastwise  clearances 

American  vessels  entered 
Foreign  vessels  entered . . . 
American  vessels  cleared . 
Foreign  vessels  cleared . . . 


86 
51 
82 
58 
64 
49 


Tonnage. 


15, 981 
15, 073 
26,609 
36,933 
21, 029 
30,888 


DOMESTIC  EXPORTS. 


American  vessels $2,438,793 

Foreign  vessels 3,781,025 

Total 6,219,818 

The  Mobile  Cotton  Exchange,  in  its  annual  statement  dated  Septem- 
ber 1, 1879,  gives  a  clearer  idea  of  the  business  of  the  port,  and  from  it 
is  condensed  the  table  given  below  : 

COTTON.  BECEIPT8  1878,  1879,  AT  MOBILE. 

Bales. 

Alabana  River 41,506 

Bigbee  River 61,741 

Warrior  River 26,488 

Mobile  and  Ohio  Railroad 138,874 

Mobile  and  Montgomery  Railroad.... 91,977 

Wagon 1,822 

Total 362,408 

Coffee  importatUmSf  1879.— Eight  cargoes 29, 725  bags. 

NAVAL  8TORE8->RECEIPTS  AND  VALUES— 1878,  1879. 


Roain 

Torpentine 

Tat 

Pitch 


Barrels. 


Values. 


143,509 

21,118 

250 

2,500 


1265,492 

232,298 

750 

6,000 


LUMBER,  TIMBER,   COAL,  ETC.— 1878,  1879. 

Lumber feet.. 

Staves 

Shingles..-. 

Hewn  timber cubic  feet.. 

Sawed  timber do 

Pennsylvania  and  EngliHh  coal tons.. 

Alabama  coal do.... 

Fish  and  oysters value.. 

Veeetablos,  shipments  in  1878,  1879 do 

Sau,  imported sacks.. 

Wool,  received pounds.. 


11,011,545 

120, 052 

3, 682, 550 

245, 507 

65. 519 
3, 352 
3, 015 

$127, 900 
$168, 778 

50. 520 
500,000 


In  this  connection  perhaps  should  be  mentioned  the  existence  of  three 
cotton  and  woolen  mills  in  Mobile  and  vicinity,  as  showing  a  fair  com- 
mencement in  an  important  manufacturing  industry,  and  the  organiza- 
tion of  a  steamship  company  for  the  purpose  of  establishing  a  line  of 
steamships  to  ply  between  Mobile  and  Liverpool.  The  first  steamer  for 
this  line  is  already  under  construction. 

The  country  tributary  to  Mobile  should  include,  it  would  seem,  the 
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Ti^hole  Mobile  or  Alabama  Biver  basin,  inclading  the  greater  part  of 
Alabama  and  a  portion  of  Mississippi  and  Georgia,  to  say  nothing  of 
possible  extension  by  an  enterprising  use  of  railroads  already  built  and 
commenced,  and  canals  already  surveyed  for. 

The  Alabama  basin  contains  approximately  33,000  squiare  miles.  The 
annual  average  rainfall  is  ^ven  by  the  Signal  Service  records  as  4J  feet, 
making  over  the  whole  basin  about  28  cubic  miles  of  water.  This  mass 
of  water,  after  meeting  with  the  usual  losses  from  evaporation,  &c.,  flows 
through  the  Oostenaula  and  Etowah,  Coosa,  and  Tallapoosa,  Little  Tom- 
bigbee,  Sipsey,  and  Black  Warrior.  Tombigbee,  and  Alabama,  and  other 
minor  streams  into  the  Mobile,  wnich  carries  all  the  water  in  a  single 
stream  for  about  6  miles,  with  an  average  width  of  1,050  feet  and  depth 
of  39^^  feet;  it  then  divides  and  subdivides,  finally  discharging  into 
Mobile  Bay  an  aggregate  of  about  100,000  cubic  feet  per  second,  tlm)u^h 
five  mouths,  the  Blakeley,  Appalachee,  Tensas,  Spanish,  and  Mobile 
forming  a  delta  containing  about  250  square  miles,  186  of  which  (about) 
is  heavily  timbered,  the  balance  being  marshy. 

The  river  discharge  then  passes  through  Mobile  Bay,  which  has  an 
area  of  about  375  square  miles,  and  finally  reaches  the  open  Gulf  through 
three  outlets,  the  main  one  between  Sand  Island  and  Dixie  and  Coflfee, 
the  others  being  between  Coffee  and  Dixie  and  Mobile  Point,  and  be- 
tween Dauphin  Island  and  Sand  Island.  There  is  still  another  outlet 
into  Mississippi  Sound,  between  Daaphin  Island  and  Cedar  Point. 

The  rivers  mentionea  draining  this  basin  are  all  navigable,  or  suscep- 
tible of  improvement,  so  as  to  be  made  navigable,  a  total  length  of  over 
1^500  miles,  reaching  and  passing  through  a  country  which  has  a  capa- 
city for  producing  over  1,000,000  bales  of  cotton;  supplies  of  coal  and 
iron  that  will  compare  favorably  in  character  and  extent  with  those  of 
any  other  section  of  this  country;  building  material,  as  granite,  marble, 
gneiss,  limestone  (and  various  other  mineral  elements  of  wealth),  and 
lumber.  All  these  are  accessible  to  water  transportation  by  the  river 
routes  previously  referred  to,  and  when  the  improvements  already  in 
progress  are  completed  coal  should  be  delivered  in  Mobile  at  a  cost  of 
$2  per  ton,  and  the  other  articles  at  sufficiently  low  rates  to  allow  of 
successfal  competition  with  any  other  port  on  the  Gulf  of  Mexico. 

In  fact,  though  the  Mobile  Basin  is  insignificant  when  compared  with 
that  of  the  Mississippi,  it  is  so  merely  on  account  of  its  inferior  size,  and 
I  question  whether  there  is  any  continuous  area  of  the  Mississippi  Valley, 
of  the  same  extent,  that  has  been  so  bountiftilly  suppHed  by  the  Almighty 
with  the  elements  of  wealth  and  progress.  It  is,  in  my  opinion,  to  be 
ad  important  a  factor  in  the  futnre  of  the  country  as  any  continuous 
1,600  miles  of  the  Mississippi  Eiver  or  its  navigable  tributaries,  with  the 
a(\jacent  country. 

The  cost  of  all  the  improvements  required  to  develop  the  resources  of 
this  basin,  it  is  believed,  will  be  considerably  less  than  that  expended 
by  Pennsylvania  in  water  routes  from  the  mines  in  Philadelphia. 

Mobile,  a  city  at  present  of  about  40,000  inhabitants,  is  situated  at 
the  junction  of  the  river  system  with  Mobile  Bay,  on  the  west  bank, 
only  27  miles  from  a  good  channel  of  least  depth  of  22  feet,  and  only  3o 
miles  from  the  deep  water  in  the  open  gulf. 

Its  growth  has  been  continuous,  though  sx>asmodic,  since  its  settle- 
ment on  the  present  site  in  1711. 

It  has  a  railroad  system  already  completed,  giving  competitive  routes 
with  the  rivers  to  the  lumber,  cotton,  coal,  and  iron. 

With  the  present  commerce,  therefore,  as  a  basis,  and  the  resources  and 
transportation  referred  to  and  a  deep  channel  to  the  sea,  there  is  more 
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than  an  ordinary  probability  that  the  commerce  of  the  port  would  Ih  a 
few  years  be  increased  at  least  100,000  bales  of  cotton,  1,000,000  tons  of 
coal,  10,000,000  cubic  feet  of  lumber  (lumber  is  now  b^ng  towed,  and 
transported  by  rail  from  Mobile  Bay  to  Pensacola  for  shipment). 

In  view  of  tiie  large  commerce  present  and  prospective,  and  the  fact 
that  the  development  of  the  lumber  trade  depends  for  its  greatest  suc- 
cess upon  as  deep  a  channel  as  possible,  I  think  no  project  should  be 
adopted  looking  to  a  less  depth  than  21  feet  at  mean  low-tide,  which  at 
presents  exists  on  the  outer  bar. 

The  particular  method  of  improvement  should,  in  my  opinion,  be,  as 
already  suggested,  either  by  dredging  a  channel  of  sufficient  depth  and 
width  from  the  river  to  the  anchorage,  following  the  line  of  deepest 
water  and  carrying  the  dredged  material  to  a  distance,  or  to  confine  the 
entire  river  discharge  to  a  single  channel  through  the  bay,  to  a  point 
where  the  tidal  current  sweeping  in  and  out  of  Mobile  Bay  is  sufficiently 
strong  to  carry  away  any  sediment  brought  down  by  the  river  current, 
and  dredging  out  any  material  that  might  not  be  removed  by  the  scour- 
ing power  of  the  water. 

In  this  connection  it  should  be  borne  in  mind  that  the  amount  of 
tidal  water  which  passes  from  the  Gulf  into  the  bay,  and  back  into  the 
Gulf,  every  twenty-four  hours  with  the  ebb  and  flow  of  the  tide  is  more 
than  twice  as  great  as  that  discharged  by  the  rivers,  and  that  the  out- 
let is  so  contracted  that  a  very  deep  channel  has  been  formed. 

The  former  has  the  success  of  previous  work  done  in  the  bay  in  its 
favor,  but  the  disadvantage  of  being  a  narrow  channel,  in  the  middle  of 
a  wide  bay,  exposed  to  cross  winds  and  currents,  making  its  navigation 
difficult  at  times,  and  rendering  it  possible  that  large  expenfitures 
might  be  required  at  some  future  time  to  remove  deposits  that  might 
take  place. 

The  latter  would  have  the  apparent  advantage  of  turning  24  miles  of 
bay  into  river  navigation — allowing  rafts  of  lumber,  or  barges  of  coal, 
iron,  or  any  such  product,  to  proceed  to  the  lower  end,  and  meet  sailing 
vessels  at  Alabama  Port,  within  15  miles  of  the  open  Gulf,  to  which 
point  they  could  sail — of  positive  permanency  when  once  fully  accom- 
plished, and  possibly  of  greater  economy  in  the  end,  if  the  construction 
of  the  necessary  dams,  dikes,  and  shore  jetties  will  cause  the  current  to 
do  most  of  tiie  work  of  excavation ;  a  reasonable  supposition,  I  think, 
as  a  glance  at  the  map  shows  that  the  river  has  built  its  own  banks,  and 
scoured  out  between  down  a  distance  of  over  40  miles  of  delta,  and  is 
now  opening  its  way  in  the  same  manner  down  the  bay  at  an  average 
rate  for  the  past  13  years  of  over  100  feet  per  annum,  through  6  outlets, 
using  its  sediment  to  build  banks  for  each,  which  in  turn  confine  the 
water  to  produce  the  scour. 

If,  however,  the  river  water  would  not  scour  with  the  rapidity  or  to  the 
extent  desirable,  the  fact  remains  that  still  the  amount  to  be  dredged 
would  be  much  less  than  double  the  amount  required  in  the  other  case, 
whereas  the  cost  should  not  exceed  one-half  as  much  per  cubic  yard,  for 
the  following  reasons:  On  the  deep-water  line,  near  the  middle  of  the 
bay,  the  material  dredged  would  have  to  be  carried  by  tugs  and  scows 
an  average  distance  of  over  three  miles,  for  deposit,  to  prevent  its  wash- 
ing back  in  the  cut.  On  the  western  shore  line,  with  the  dikes,  &c.,  the 
material  would  be  deposited  by  the  dredges  immediately  on  them  or 
alongside  the  channel.  Again,  in  the  former  case,  a  great  deal  of  time 
would  be  lost  and  damage  sustained  either  by  being  compelled  to  sus- 
pend work  on  account  of,  or  by  attempting  to  work  in,  rough  water, 
whereas,  in  the  other  case,  the  dredge  would  be  working  under  the  pro- 
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tection  of  the  western  shore,  on  one  side^  and  the  dike  on  the  other,  or 
in  comparatively  smooth  water.  There  is  a  question  also  whether  a 
channel  inshore,  protected  by  banks  on  both  sides,  100  feet  wide  would 
not  be  better  than  one  200  feet  wide  in  the  middle  of  the  bay  without 
such  protection,  with  a  clear  reach  of  6  miles  (average)  open  water  on 
the  sides,  to  produce  rough  water  and  cross  currents,  and  length  of  27 
miles. 
The  estimated  cost  of  the  work  by  the  first  system  is  as  follows : 

For  a  cliannel  with  a  width  of  200  feet  and  depth  of  17  feet : 
Dredging, 4,100,600  cubic  yards, at  20  cents  per  cubic  yard $820,000  00 

For  a  channel  of  the  same  width  (not  considered  sufficient,  however), 
and  22  feet  deep : 

Dredging  9,900,000  cubic  yards,  at  20  cents  per  cubic  yard 1, 980, 000  00 

The  estimated  cost  of  the  other  system  is  as  follows : 

For  a  dam  across  the  Apalachee  River $15,000  00 

For  a  training- wall  from  lower  end  of  east  bank  of  Tensas  River  to  lower 

bay,  28  miles,  at  $23,812 666,736  00 

Dredging  a  channel  100  feet  wide,  21  feet  deep,  24  miles  long,  7,509,312 

cubic  yards,  at  15  cents 1,126,396  80 

Additional  spur-dikes  and  jetties,  5  miles  long,  at  $10,000 50, 000  00 

Total :...  1,858,132  80 

Contingencies  and  superintendence,  10  per  cent 185, 813  28 

Grand  total - 2,043,946  08 

An  experiment  might  possibly  be  made  at  a  reasonable  cost  at  one  of 
the  river  mouths  that  would  determine  approximately  the  amount  of 
scour  for  a  given  time  that  might  be  expected,  on  which  the  success  or 
failure  of  the  combined  scouring  and  dredging  system  depends.  In  con- 
clusion, I  would  recommend  that  the  subject  be  referred  to  the  Board 
of  Engineers  for  Harbor  and  Eiver  Improvements  for  their  consideration. 

Hiere  is  forwarded  herewith — 

I.  A  map  of  the  delta  of  Mobile  River  and  Bay,  of  which  the  parts  previously  referred 
to  are  from  the  survey  made,  the  rest  being  a  compilation  from  the  best  authorities. 

II.  A  map  showing  work  previously  accomplished  and  present  condition  of  channel 
dredged  under  former  appropriations,  and  location  of  proposed  improvements  for  se- 
curlnff  a  deeper  channel. 

Skeleton  map  of  Mobile  Basin,  cross-sections  of  the  various  rivers,  and  tables  of 
cQirent  and  sediment  observations. 

Bespectftilly  submitted. 

A.  K  Dambell, 

Captain  of  Engineers. 


letteb  of  the  chief  of  engineebs. 

Office  of  the  Chief  of  Engineees, 

United  States  Army, 
WashingUmy  D.  C,  March  16, 1880. 

Sm :  Beferring  to  my  letter  of  the  11th  instant,  submitting  copy  of 
report  of  Capt.  A.  K.  Damrell,  Corps  of  Engineers,  on  the  survey  of  the 
harbor  of  Mobile,  Ala.,  with  a  view  to  its  further  improvement,  provided 
for  in  the  river  and  harbor  act  of  June  18, 1878,  and,  in  connection  there- 
with, I  beg  leave  now  to  submit  a  copy  of  report,  with  accompanying 
map,  from  the  Board  of  Engineers  for  Biver  and  Harbor  Improvement, 
to  which  the  report  of  Captoin  Damrell  was  referred  for  consideration. 

As  the  appropriation  of  $100,000  made  by  the  river  and  harbor  act  of 
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Mariili  ^i,  1^70.  limlUMl  tlio  depth  of  ohannel  to  be  secured  to  17  feet, 
Urn  vinMTM  of  tlio  Hoard  wore  uso  reqneated  upon  tke  proper  application 

it  will  Ini  pMnuUvod  that  tlie  Board  recommends  that  if  17  feet  depth 
will  MailMl'y  tlio  Hliipplnic  interests  of  the  port,  this  depth  be  attained  by 
Un^lKltiK  tlHi  preNiUit  ohannel.  At  the  same  time  it  presents  an  approai- 
iiiiil<i  i^Htlitiiih)  of  tlio  cost  of  socaring  a  channel  of  22  feet  depth,  £K>m 
Mil)  lowiu'  iitirJioraKc  of  Mobile  Bay  to  Garrow's  Bend  and  to  the  wharves 
of  Mm  rhy  of  Mobile. 

I  JKitf  liMivo,  Mioroforo,  to  advise  that  the  application  of  the  appropria- 
tion or  Mimili  3, 1H71),  to  the  17-foot  channel  recommended  by  the  Board, 
Im  imiMmm'1K(hI  by  you,  ns  the  channel  of  that  depth  is  understood  to  be 
i'A9UvMmul  in  by  Mio  business  interests  of  Mobile  as  satisfying  the  pres- 
Mil  Nliiptfin^  niM^ds  of  that  port. 

i  woHid  furMior  suggest  that  the  report  of  the  Board  be  transmitted  to 
Mio  llouMo  of  l{4)presontatives  for  the  information  of  the  Couimittee  on 
<)oninH*rco  in  conne4*.Uou  with  the  report  of  Captain  Damrell  above  re- 
ft^rnMl  Uh 

Viiry  rcHi)cctftilly,  your  obedient  servant, 

H.  G.  Wright, 

Chief  of  Engineers^ 
Brig,  and  Bvt,  Maj.  Oen, 
Hon.  Alkxander  Kamsey, 

Secretary  of  War, 


report  of  board  of  enoineers. 
Office  of  Board  of  Engineers  for  Fortxpioations 

AND  FOR  ErVER  AJ^D  HARBOR  IMPROYBMBNT, 

Army  Building^  New  TorlCj  February  28, 1880. 

General  :  The  river  and  harbor  act  of  June  18, 1878,  appropriated 
$10,000  to  be  applied  <<  to  making  tests,  surveys,  and  borings  to  deter- 
mine whether  the  ship  channel  now  leading  from  the  lower  anchorage 
in  Mobile  Bay  can  be  deepened  so  as  to  admit  vessels  drawing.  22  fl^ 
or  any  less  draught,  above  13  feet,  to  the  wharves  of  the  city  of  Mobile. 

This  duty  devolved  upon  Gapt.  A.  N.  Damrell.  Corps  of  Engineers,  in 
charge  of  the  improvement  of  Mobile  Harbor  ana  Bay.  His  preliminary 
report  thereon,  made  in  January,  1879,  was  followed  in  October  by  a 
full  report^  with  plans  and  estimates  for  obtaining  a  channel  of  17  feet, 
and  of  22  leet  depth  from  the  fleet  anchorage  through  tiie  bay  into  Mobile 
River.  These  have  been  sent  to  this  Board  by  your  letter  of  November 
13, 1879,  for  consideration  and  report. 

The  following  brief  description  of  the  locality  in  qaestion  and  notice 
of  the  works  of  improvement  connected  therewith,  as  already  executed, 
seem  essential  to  a  clear  understanding  of  the  problem  under  consider- 
ation. The  river  Mobile,  at  the  delta  formation,  has  several  outlets,  two 
of  which,  the  Tensas  and  Spanish,  unite  to  pour  their  waters  in  one  mass 
into  the  bay  in  dose  vicinity  to  the  moutili  of  the  third  outlet,  called 
Mobile  Biver,  on  which  lies  the  dly  of  Mobile.  Along  the  wharf  front 
of  this  city  tlie  river  deptii  varies  (at  high- water)  from  about  10}  to  22 
feet,  this  latter  also  being  the  depth  over  the  outer,  or  sea  bar.  Lower 
down  at  the  bend,  near  Choctaw  Point,  the  deptii  is  rather  greater. 
Just  outside  of  the  mouth  of  this  outlet  there  has  always  existed  a  sand- 
bar, known  as  Ohoctaw  Bar.    Dog:  Biver  Bar  is  about  3  miles  from  the 
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river  months,  and  seems  to  be  formed  by  sedimentary  d^osition  of 
the  fine  material  broaght  down  by  all  the  branches  of  ^e  stream 
From  this  bar  th^  bottom  of  the  bay  slopes  down  to  the  13-f6ot  curve  for 
a  distance  of  about  6  miles,  and  thence  has  a  plateau  formation  of  about 
15  miles  extent,  reaching  to  within  3  miles  of  the  fleet  anchorage.        ^ 

From  the  most  reliabto  testimony  that  can  be  obtained  Dog  River  Bar 
has  not  shoaled,  nor  has  the  bay,  daring  the  past  60  years,  ^o  accurate 
maps  of  a  sufficiently  early  date  exist  to  establish  this  xK)int  indisputably. 
The  greatest  depth  of  water  on  Choctaw  Bar  in  1828-^29  (by  verbal 
testimony)  was  5^  feet.  During  that  x^eriod  it  was  dredged  to  give  a 
channel- way  of  8  feet,  and  in-1838-'39  was  again  deepened  to  10  feet, 
but  having  been  left  undisturbed  for  the  succeeding  21  years  the  bar 
re-formed  so  as  to  give  a  depth  of  7^  feet  only  in  1860.  The  excavation 
to  the  same  depth  on  Dog  Elver  Bar,  made  in  1854^  gave  no  indication 
of  filling.  It  thus  appears  that  while  Dog  River  Bar,  so  called,  and  the 
bed  of  the  bay  shoal,  if  at  all,  so  slowly  as  to  be  unnoticeable,  the  exca- 
vated channel  through  Choctaw  Bar  refilled  at  an  average  rate  of 
about  IJ  inches  a  year.  In  view  of  the  above  fieicts  the  Board  of  Engi- 
neers that  in  1872  considered  this  question  of  deepening  t^e  channel  of 
approach  to  the  dty  of  Mobile  did  not  think  that  a  permanent  improve- 
ment, in  the  strict  sense  of  the  term,  could  be  reached.  It  was  their 
opinion  that  any  channel  excavated  through  Choctaw  Bar  would  require 
dredging  from  time  to  time  to  keep  it  open  to  the  depth  needed.  They 
nevertheless  recommended  the  trial  of  dredgrug  to  obtain  a  depth  of  13 
feet  through  Choctaw  Bar  and  Dog  River  Bar  southward  in  the  bay  to 
the  13-foot  curve.  That  recommendation  has  been  effectively  carried 
out,  the  depth  of  13  feet  being  attained  during  the  year  1877.  By  the 
testimony  of  Captain  Damrell,  who  has  had  charge  of  this  imi)rovement 
since  April,  1873  (see  his  report  of  October  14, 1879),  there  was  no  evi- 
dence of  filling  either  in  the  channel  excavated  through  C%ioctaw  Bar  or 
in  that  in  the  bay  beyond  the  obstructions  up  to  that  date — ^that  is,  for  a 
period  of  about  two  years  succeeding  the  completion  of  the  dredging. 
It  was  our  opinion,  however,  that  sufficient  time  has  not  elapseil  to  test 
this  question. 

The  thorough  survey  of  the  bay,  harbor,  and  river  Mobile  by  this 
officer  was  made  under  the  act  before  mentioned  with  a  view  to  obtain- 
ig  data  for  further  projects  of  improvement  of  the  channel  to  the  city. 
Aflber  a  ftdl  study  of  the  results  of  the  survey,  aided  by  an  experience 
of  more  than  10  years  in  this  locality.  Captain  Damrell  now  presents, 
among  several  projects  mentioned,  two  with  plans  and  estimates  which 
meet  his  approval.  His  preference  is  evidently  given  to  the  second. 
They  are  as  followii: 

Mrst.  To  dredge  "a  channel  of  sufficient  depth  and  width  fix)ni  the 
river  to  the  anchorage,  following  the  line  of  deepest  water  and  carrying 
the  dredged  material  to  a  distance.'^  Second, "  to  confine  the  entire  river 
discharge  to  a  single  channel  through  the  bay  to  a  point  where  the  tidal 
current  sweeping  in  and  out  of  Mobile  Bay  is  sufficiently  strong  to  carry 
away  any  sedunent  brought  down  by  the  river  current  and  dredging  out 
any  material  that  might  not  be  removed  by  the  scouring  power  of  the 
water.  In  this  conn^^on  it  should  be  borne  in  mind  that  the  amount 
of  tidal  water  which  passes  from  the  Oulf  into  the  bay  and  back  into 
the  €hilf  every  24  hours  with  the  ebb  and  flow  of  the  tide  is  more  than 
twice  as  ^eat  as  that  discharged  by  the  rivers,  and  that  the  outlet  is  so 
contracted  that  a  very  deep  channel  has  been  lormed. 

^^Xhe  former  has  the  success  of  previous  work  done  in  the  bay  in  its 
favor,  but  Ibe  disadvantage  of  being  a  narrow  diannel  in  the  middle  of 
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a  wide  bay,  exposed  to  cross  winds  and  currents,  making  its  navigation 
diflicnlt  at  times,  and  rendering  it  possible  that  large  expenditures 
might  l>e  required  at  some  future  time  to  remove  deposits  that  might 
take  place. 

'*Tho  latter  would  have  the  apparent  advantage  of  turning  24  miles 
of  bay  into  river  navigation,  •  ♦  ♦  of  positive  i)ermanency  when 
oiict^  ftilly  accomplished,  and  possibly  of  greater  economy  in  the  end  if 
tlus  oonalruction  of  the  necessary  dams,  dikes,  and  shore  jetties  wiU 
cauHC  the  current  to  do  most  of  the  work  of  excavation.'' 

His  oHti mates  for  these  projects  are: 

Int.   Droclglng  cliannol  200  foot  wide: 

17  iWt  docp $820,000  00 

••>VJ  I'twi  (loop 1,980,000  00 

\ii\.  ('onNlruotion  of  training  wall : 

DrodglnK  for  a  depth  of  22  foot,  &c 2,043,946  08 

Our  vitnvH  a8  to  those  projects  are  given  in  the  following  brief  state- 

moiit : 

if  the  (luostiou  were  simply  to  obtain  a  passage-way  to  Mobile  of  but 
17  feet  depth,  we  would  recommend  the  deepening  the  present  channel 
by  dredging,  the  process  by  which  13  feet  has  already  been  reached. 
The  first  cost  of  this  method  would  be,  as  above  stated^  about  $820,000. 

Any  other  process,  to  be  efiective,  would  involve,  besides  more  or  less 
dredging,  the  long  training  wall  or  walls  from  the  river  mouths  down 
tlu^  bay  to  the  deep  anchorage,  with  an  expenditure  probably  in  excess 
of  $2,000^000,  together  with  the  cost  of  protection  against  overflow  in 
the  vicinity  of  Mobile  and  above,  due  to  lengthening  the  river  by  trans- 
ferring its  mouth  to  the  fleet  anchorage,  thus  changing  its  normal  slope 
and  backing  the  water  up  stream.  This  point  will  be  more  fully  set 
forth  in  our  notice  of  Captain  Damrell's  second  project. 

It  is  true  that  a  dredged  channel  cannot  be  regarded  as  quite  perma- 
nent. The  causes  that  formed  Choctaw  and  Dog  Eiver  bars  must  still 
exist.  It  seems  certain,  therefore,  that  small  appropriations  will  be 
needed  from  time  to  time  to  keep  open  any  channel  through  Choctaw 
Bar  formed  by  dredging.  But  the  saving  in  the  original  outlay  will 
probably  more  than  compensate  for  the  occasional  expenditures. 

The  question,  however,  of  procuring  22  feet  depth  of  channel  by  the 
process  of  dredging  is  quite  a  different  one.  It  will  involve  an  expend- 
iture of  about  $2,000,000  with  a  channel  200  feet  wide,  and  $3,000,000 
if  the  width  be  300  feet,  which  width  is  thought  to  be  necessary  for  easy 
navigation  for  a  length  of  25  miles  in  the  open  bay  of  Mobile.  A  pro- 
ject so  costly  in  its  execution  should  not  be  entered  upon  without  a  rea- 
sonable  promise  of  permanent  results.  Now,  although  past  experience, 
if  reporte  are  entirely  accurate,  indicates  that  the  channel  over  Dog 
Eiver  Bar  did  not  fill  perceptibly  from  1854  to  1860,  when  deepened 
about  2  feet,  and  that  it  has  not  filled  measurably  during  the  past  three 
years,  although  excavated  to  an  additional  depth  of  3  feet,  we  do  not 
think  there  is  sufl&cieut  evidence  to  prove  that  if  the  channel  be  further 
deepened  to  22  feet  and  lengthened  to  reach  the  lower  anchorage,  it 
will  be  entirely  permanent.  Indeed,  we  anticipate  that  the  same  pro- 
cess that  formed  Dog  Eiver  Bar  wiU  in  time,  though  by  a  slow  process, 
reform  it  where  excavated.  There  can  be  little  doubt  that  there  is  some 
deposit  in  the  bay  of  light  material  brought  down  by  the  river,  and  that 
this  channel  must  get  its  portion  of  that  deposit.  Our  experience  in 
reference  to  Choctaw  Bar  runs  through  a  much  longer  period,  and  proves 
beyond  doubt  a  tendency  to  refill  any  shallow  excavation  through  it 
We  cannot,  therefore,  hope  to  maintain  a  channel  22  feet  deep  over  this 
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bar  without  dredging  from  time  to  time.  The  river  along  the  city  front 
does  not  maintain  that  depth :  much  less  must  we  expect  it  at  the  mouth, 
where  the  waters  are  checked  by  dispersion. 

As  already  stated,  prior  to  1860  the  indications  were  definite  that  the 
mouth  of  the  Mobile  branch,  when  deepened,  filled  again  at  the  rate  of 
1^  inches  a  year.  Captain  Damrell  states  that  he  discovered  no  filling 
for  two  years  preceding  his  recent  survey.  It  may  be  that  the  sound- 
ings were  not  made  with  that  extreme  of  accuracy  that  would  note  a 
change  of  2  or  3  inches.  At  any  rate,  if  it  does  not  fill,  the  conditions 
must  be  changed.  Now,  we  know  that  since  1860  pile  obstructions  on 
the  east  have  been  driven  and  still  exist  in  such  position  as  to  concen- 
trate the  united  waters  of  Tensas  and  Spanish  Eiver  outlets  toward  the 
Mobile  outlet,  and  that  this  last  has  been  narrowed  by  similar  obstruc- 
tions, reaching  well  up  towards  Choctaw  Point.  To  these  obstructions 
the  present  greater  permanence  of  depth  in  Choctaw  Pass,  if  it  exist, 
may  be  due.  But  the  conditions  of  the  delta  are  constantly  changing, 
and  the  mouths  are  advancing  at  the  rate  of  about  100  feet  a  year.  If 
the  channel  is  stable  now  it  may  not  remain  so  many  years.  We  are, 
therefore,  forced  to  the  conclusion  that  the  dredging  project  does  not 
insure  that  pennanency  of  channel -way  which  so  costly  a  work  ought  to 
secure. 

The  second  project  of  Captain  Damrell  extends  the  eastern  bank  of 
the  Tensas  branch  artificially  by  dikes  in  a  southwesterly  direction, 
across  the  outlets  of  the  Spanish  and  Mobile  branches,  and  thence  in  a 
southerly  course  to  the  vicinity  of  Alabama  Port,  thus  collecting  all  the 
waters  of  the  rivers  fiowing  into  the  bay  in  one  stream  between  this 
artificial  bank  and  the  western  shore,  and  literally  extending  Mobile 
Eiver  to  the  lower  anchorage.  If  the  project  were  feasible  it  would  not 
be  easy  to  count  its  cost  or  foresee  the  difficulties  in  the  way  of  its  exe- 
cution. It  would  create  an  almost  insuperable  barrier  to  navigation 
until  completed,  for  the  reason  that  the  construction  should  progress 
from  the  mouth  of  the  Tensas  southward  in  order  to  make  the  river  cur- 
rents do  the  work  of  excavation.  In  what  manner  this  artificial  bank 
should  be  made  and  of  what  material  formed  to  enable  it  to  endure  the 
wash  of  the  waves  on  the  bay  side  and  the  rush  of  waters  on  the  river 
side,  could  only  be  determined  experimentally.  Its  construction,  how- 
ever, would  doubtless  require  to  be  more  solid  than  the  method  of  the 
plan  submitted.  If,  to  avoid  the  impediment  to  navigation,  the  river 
outlets  into  the  bay  be  left  open  until  the  east  bank  of  this  new  channel 
be  built  from  the  vicinity  of  Choctaw  Point  to  the  lower  bay,  this  great 
disadvantage  would  result,  that  the  immense  mass  of  material  excavated 
from  the  bed  of  this  river  extension  by  the  current  would  all  be  trans- 
ferred to  its  outlet,  with  the  chance  of  forming  a  bar  there  and  of  filling 
Grant's  Pass.  In  fact,  it  is  a  transference  of  the  delta  of  the  Mobile 
River  from  the  head  of  the  bay  down  to  the  islands — a  very  radical 
change  in  the  conditions  that  at  present  exist  at  the  port  of  Mobile. 

Kow  the  average  river  discharge  is  estimated  by  Captain  Damrell 
to  be  about  100,0^  cubic  feet  per  second,  and  the  discharge  from  the 
bay  with  the  falling  tides  per  day  twice  that  amount.  By  these  out- 
flowing waters  as  well  as  the  inflowing  tides  the  sea  bar  is  maintained 
at  a  depth  of  22  feet.  As  the  river  silt  is  mostly  deposited  at  the  head 
of  the  bay,  which  is  advanced  thereby  at  the  rate  of  about  100  feet  per 
year,  the  exterior  or  sea  bar  gets  littte  or  no  accession  therefrom.  The 
conditions,  therefore,  beyond  the  entrance- way  at  Mobile  Point  are  favor- 
able, and  it  would  not  be  well  to  inaugurate  changes  that  might  dis- 
turb them,  for  it  is  easier  to  procure  deep  water  through  the  inner  bar 
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than  it  would  be  through  the  outer  or  sea  bar,  gjiould  that  commence  to 
shoal  by  virtue  of  the  transference  of  tiie  river  deposit  from  the  head  of 
the  bay  to  the  sea. 

A  stronger  objection  to  the  project  is  the  river  extension  itself  of  24 
miles  below  Mobile,  which  virtually  overthrows  its  present  regimen, 
changes  its  slope  and  surface  level  at  the  city  and  above  for  many  miles. 
Head  to  cause  the  flow  from  Mobile  to  the  new  mouth  must  be  obtained 
by  raising  the  banks  east  and  west  in  the  vicinity  of  the  city  and  far 
above. 

The  numerical  data  at  hand  are  not  sufficient  to  decide  definitely  to 
what  extent  the  elevation  of  the  present  water  surface  must  be  carried; 
but  to  fix  our  ideas  some  approximate  computations  may  be  made. 

If  Captain  Damrell's  estimate  as  to  the  average  volume  of  discharge 
be  correct — viz,  100,000  cubic  feet  per  second — it  is  safe  to  assume  that 
the  flood  volume  cannot  be  less  than  200,000.  His  proposed  new  channel 
is  1,400  feet  wide,  and,  admitting  that  a  mean  depth  of  22  feet  will  be 
excavated,  the  new  cross-section  will  be  30,800  feet,  which  would  in- 
volve a  mean  vdocity  of  6.5  feet  per  second,  and  require  a  slope  of 
0.00034  or  1.8  feet  per  mile. 

Nowj  a  slope  1.8  feet  per  mile  would  give  a  rise,  going  back  from  tlie 
mouth  of  the  extended  river  to  Mobile  24  miles,  of  43.2  feet,  and  1Mb 
rise  would  be  needed  to  effect  the  discharge,  providecl  the  bed  slope  by 
deposition  could  maintain  itself  parallel  to  the  surface.  Should,  how- 
ever, tlie  bottom  of  the  river  remain  undisturbed  at  its  present  level, 
the  discharge  would  be  effected  by  raising  the  surface  waters  at  Mobile 
7.5  feet,  the  corresponding  velocity  being  4.82.  As  the  wharves  along 
the  city  front  are  but  3^  feet  above  ordinary  high-water,  and  1  foot 
above  equinoctial  tides,  and  overflowed  during  extraordinary  gales,  it 
is  evident  that  the  above  conditions  cannot  be  carried  out.  It  is  not 
necessary,  however,  that  more  water  than  the  ordinary  discharge,  say 
100,000  cubic  feet  per  second,  should  run  down  the  prolonged  river. 
The  freshet  water  might  escape  over  extended  waste- weirs  immediately 
into*the^ead  of  tiiie  bay.  In  that  case  a  rise  at  Mobile  of  1.8  feet,  provided 
the  river  bed  remains  constant,  will  give  the  requisite  velocity  for  the 
outflow.  It  cannot  be  expected,  however,  that  the  bed  of  the  river  will 
maintain  its  present  level  for  a  distance  of  24  miles.  It  must  gradually 
rise,  and  with  it  the  surface,  and  therefore  the  banks.  Kow,  as  the  city 
wharves  are  only  3^  feet  above  ordinary  high-water  and  are  occasionally 
overflowed,  it  seems  conclusive  that  without  building  levees  above  and 
below  Mobile  and  along  its  whole  front  the  transfer  of  the  river  mouth 
to  the  lower  bay  will  inundate  a  part  of  the  city  frequently.  The  river  ex- 
tension proposed  is,  therfore,  regarded  by  the  Board  as  impracticable. 

The  Board  now  present  two  projects  which  are  to  a  certain  extent 
modifications  of  Captain  Damrell's  plan. 

The  first  is  to  turn  the  waters  of  the  Mobile  branch  down  the  west 
shore  of  the  bay  by  extending  its  east  bank  to  Alabama  Port  or  as  far 
as  may  be  found  necessary,  to  cover  a  channel  formed  by  dredging.  The 
second  is  to  bring  this  channel  into  the  Mobile  branch  by  a  cut  across 
Choctaw  Point  to  be  closed  by  gates ;  or,  avoiding  the  cost  of  this  cut, 
to  connect  with  the  city  by  piers  at  Oarrow's  Bend,  local  interests  de- 
termining  the  choice  between  these  termini.  Well  covered  as  this 
channel  will  be  against  waves  by  its  artificial  bank,  a  width  of  100  feet 
is  deemed  sufildent  for  the  accommodation  of  the  large  vessels  alone 
compelled  to  use  it.  ISiis  construction  will  in  no  wise  interfere  with  nav- 
igation in  the  river  or  bay  during  its  progress.  The  channel  will  have 
no  current  except  the  bay  current,  and  will  not,  therefi>re,  silt  up ;  nor 
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will  the  bwk  require  ^ny  protectiou  on  the  ohwuel  i»de.  It  e9>ii  be 
formed  principally  from  the  materiid  excavated  to  oieate  the  cb^unel^ 
consolidated  by  small  trees,  saplings,  and  brush,  which  grow  abundantly 
along  the  shore.  It  seems  probable  that  some  stone  will  be  required  to 
assist  in  the  solidification  of  this  artificial  bank.  As  the  bay  along  the 
line  of  its  location  is  quite  shoal,  varying  firom  3  to  9  feet,  its  construc- 
tion need  not  be  expensive,  unless  exte^^ed  beyond  Al^^bwia  Port 
farther  than  is  necessary  to  resist  wave  action.  Any  estimate,  how- 
ever, must  be  at  best  but  approximate,  as  so  much  will  depend  ui)on 
the  cost  of  securing  its  bank  against  abrasion,  and  of  extending  it  into 
the  deep  water  beyond  Alabama  Port,  should  such  extension  be  foimd 
necessary. 

Of  these  two  projects  thus  summarily  presented,  the  second,  which 
terminates  the  channel  at  Garrow's  Bend  or  extends  it  to  the  river  by  a 
cut  through  Choctaw  Point,  is,  in  the  opinion  of  the  Board,  much  prefer- 
able to  the  first. 

Much  expense  will  be  saved  by  terminating  the  channel  at  Garrow'» 
Bend ;  but  there  may  be  sufOicient  reasons  for  continuing  it  into  Mobile 
Eiver  so  that  vessels  of  a  large  class  may  ascend  to  the  present  city 
wharves.  To  prevent  silt  depositing  within  the  cut,  gates  seem  noises- 
sary ;  otherwise  an  open  enteuiee  would  be  preferred. 

This  project  is  exhibited  in  a  general  way  on  accompanying  sketch 
(A).  '  Exactness  of  location  and  precise  methods  of  construction  both 
of  the  east  bank  of  the  channel  and  the  gate  structure  are  left  to  be 
determined  hereafter,  should  the  project  l^  adopted. 

There  is  a  question  connected  with  the  maintenaiiee  of  a  deep  channel 
excavation  in  Mobile  Bay  wMch  ean  only  be  4Bolyed  experimentally. 

It  seems  that  after  passing  through  a  crust  of  sand  a^  stiff  olay,  at 
a  4dptii  of  &om  14  to  16  f&&b  below  the  water  sofftuse,  boring  has  re- 
vealed a  layer  of  soft  mud,  wiucdL  continues  to  a  depth  ot  30  feet,  as  fiEur 
as  the  auger  penetrated.  The  boring  rod,  4^  inches  in  diaiMter,  w^it 
down  of  its  own  weight  (247  pounds)  Si  feet;  thence,  with  weight  in- 
creased to  517  pounds,  it  sai^  5^,  reacning  a  depth  of  about  30  fe^ 
below  water-level.  Hitherto  the  dredging  has  stopped  in  stiff  clay  at 
13  feet  depth.  If  it  be  carried  9  feet  deeper  through  this  soft  clay  or 
mud  will  the  channel  remain  open,  or  will  side  pressure  cause  its  grad- 
ual filling  by  lateral  motion  of  this  yielding  material  f  As  th^e  will  be 
no  rapidly -flowiDg  current  to  keep  open  this  channel,  once  dredged  in 
the  bay,  should  it  tend  to  fill  by  mud  flowing  in  from  either  side,  dredjg- 
ing  a  second  time  will  be  needed:  in  other  words,  the  metiiod  will  be  a 
Mlure.  It  seems  proper,  therefore,  as  a  preliininary  step,  that  the  ex- 
I>erinient  be  miade  of  dredging  the  present  channel — say,  on  Dog  Biv^ 
Bar— for  a  length  of  100  yards  and  width  of  100  feet,  and  to  a  depth  of 
22  feet  below  the  surfEu^  of  the  water  in  the  bay,  and  that  the  excavated 
portion  be  carefully  sounded  from  time  to  time  to  ascertain  its  condition. 
Should  the  channel  fill  with  mud,  it  would  be  a  waste  of  money  to  at- 
tempt to  attain  a  penpanent  water-way  22  feet  deep.  On  the  contrary^ 
should  there  be  no  evidence  of  filling  by  side  pressure,  that  objection  to 
a  dredged  chfomel  would  come  to  n^iught. 

The  loraKomg  guestioii  being  decided  in  the  affirmative  by  trial,  this 
Boaird  Is  of  the  opimon  tii^t  if  the  present  a^d  prospective  commerce  of 
Mobile  demands  a  channel  of  22  feet  depth  from  tiie  lower  bay  to  the 
city,  it  should  be  obtained  by  dredging  tfie  w^t  shore  of  the  bay,  to 
connect  with  Mobile  either  at  Garrow's  JBend  or  by  a  cut  trough  Choc- 
taw Point  into  tiie  river.    But  if  17  feet  depth  will  satisfy  the  shipping 


1066  EEPORT  OF  THE  CHIEF  OF  ENGINEEES,  U.  S.  ARMY. 

interests  of  this  port,  the  Board  recommends  that  it  be  attained  by 
dredging  the  present  channel. 

APPROXIMATE  ESTIMATE 

for  securing  a  channel  22  feet  deep  from  lower  anchorage  of  Mobile  Bay  to  Garrow's 
Bend,  on  the  supposition  that  the  east  bank  for  the  promotion  of  the  channel  is  built 
in  water  of  an  average  depth  of  9  feet,  and  eztendea  no  farther  south  than  Alabama 
Port.  Side  slopes  of  prism  excavated  are  assumed  at  1  upon  2.  The  average  prism, 
therefore,  to  be  dredged  will  measure : 

Feet. 

Width  at  top 152 

Width  at  bottom 100 

Depth 13 

Cnbio  yards. 
Excavation  of  channel  from  Choctaw  Point  to  Alabama  Port,  113,322 

feet  in  length 6,874,868 

Excavation  trom  Alabama  Port  to  deep  water,  23,448  feet  in  length 604, 507 

Total  excavation 7,479,375 

3,437,434  cubic  yards  to  be  dumped  alongside  channel  to  form  dike,  at 

15  cents $515,615  10 

3,437,434  cubic  yards  placed  on  upper  portion  of  dike,  at  20  cents 687, 486  80 

604,507  cubic  yards  beyond  Alabama  Port,  at  20  cents 120, 901  40 

Cost  of  excavation  of  channel 1,324,003  30 

To  consolidate  the  dike  formed  of  mud  and  sand  dredged  from  the 
channel,  some  nucleus,  as  brush  made  into  rafts  or  mattresses  and  cov- 
ered over  above  water  with  stone  ballast,  or  two  rows  of  piles  filled  in 
with  brush  closely  packed  and  covered  over  above  the  water  surface 
with  ballast,  will  be  needed.  If  stone  ballast  can  be  procured  as  cheaply 
in  Mobile  Bay  as  it  can  at  the  Forth,  it  is  estimated  that  this  nucleus 
can  be  built  for  about  $10  per  running  foot. 

113,322  running  feet  of  central  structure  of  dike,  at  $10 $1,133,220  00 

Add  cost  of  excavation 1,324,003  30 

Total  cost  to  Garrow's  Bend -^ 2,457,223  30 

Extension  to  Mobile  Eiver 150,000  00 

Should  it  be  necessary  to  extend  the  dike  beyond  Alabama  Port  as  a 
protection  against  cross-currents,  the  structure  in  deep  water  will  be 
much  more  costly.  We  may,  therefore,  set  down  the  probable  cost  of 
creating  a  channel  along  the  western  shore  of  Mobile  Bay  to  the  city, 
from  the  lower  anchorage,  to  be  22  feet  deep,  100  feet  wide  at  bottom, 
and  protected  by  a  dike  extended  to  Alabama  Port,  or  as  far  as  shali 
be  found  necessary,  as  between  $2,500,000  and  $3,000,000. 

Eespectfully  submitted. 

Z.  B.  TOWEE, 

Colonel  of  Engineers^  Brevet  Major-QeneroL 

John  Kewton, 
Colonel  of  JEngineerSy  Brevet  Major-Oenerah 

Henry  L.  Abbot, 
Major  of  EngineerSj  Brevet  Brigadier- OeneraL 

Brig.  Gen.  H.  G.  WsiaHT, 

Chitf  of  Engineers^  JJ.  8.  A. 
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K  2. 

IMPROVEMENT  OF  PENSACOLA  HARBOR,  FLORIDA. 

The  improvement  of  this  harbor  was  commenced  iNovember,  1878,  by 
the  removal  of  four  wrecks  at  or  near  the  entrance  of  the  harbor,  under 
an  appropriation  of  $20,000,  made  by  act  of  Congress,  approved  June 
18,  1878. 

Under  a  contract  made  with  Mr.  G.  W.  Le  Gallais,  the  wrecks  of  the 
bark  Ada,  the  ship  Miles,  the  steamer  Convoy,  and  the  pilot-boat  Kettle 
were  to  be  removed  by  May  1, 1879,  but  on  account  of  stormy  weather 
the  contractor  was  unable  to  complete  the  work  at  the  specified  time, 
and  an  extension  of  time  to  complete  his  contract  was  granted  him 
until  July  1, 1879. 

Under  the  same  appropriation  a  survey  of  the  entrance  to  Pensacola 
Harbor,  for  the  purpose  of  ascertaining  the  cause  of  the  shoaling  of  the 
main  ship  channel,  south  of  the  Middle  Ground,  was  commenced  and  com- 
pleted during  the  last  fiscal  year,  and  for  a  fuU  report  of  sam^  with  my 
recommendations  as  to  ftirther  improvements,  I  would  respectfully  refer 
to  Annual  Eeport  of  the  Chief  of  Engineers  for  1879,  Appendix  J  2, 
p.  801. 

As  above  stated,  the  contract  for  the  removal  of  the  four  wrecks  had 
been  extended  to  July  1, 1879,  but  at  that  time  the  work  was  far  from 
being  completed.  The  wrecks  of  the  pilot-boat  Nettle  and  the  bark  Ada 
were  reported  by  the  contractor  as  completely  removed ;  those  of  the 
ship  Miles  and  the  steamer  Convoy  only  partially.  As  this  delay  in  the 
completion  of  the  contract  was  entirely  caused  by  the  inclemency  of  the 
weather,  a  further  extension  of  time  until  August  15, 1879,  was  granted. 

On  August  9, 1879,  the  contractor  reported  all  four  of  the  wrecks  re- 
moved, according  to  the  terms  of  the  contract.  Upon  a  thorough  inspec- 
tion of  the  grounds  where  the  wrecks  had  been  located,  by  an  experi- 
enced diver,  made  between  the  11th  and  19th  of  August,  it  was  found 
that  the  wrecks  of  the  pilot-boat  Kettle  and  the  stumer  Convoy  had 
been  completely  removed,  while  portions  of  those  of  the  ship  Miles  and 
bark  Ada  were  still  found  buried  in  the  sand.  A  further  extension  of 
time  being^  granted  the  contractor,  he  continued  work  until  December 
15, 1879,  and  upon  a  second  examination  of  the  grounds  where  the 
wrecks  of  the  ship  Miles  and  bark  Ada  were  located,  it  was  found  that 
their  complete  removal  had  been  accomplished,  and  the  contract  com- 
pleted. 

1^0  further  work  was  done  during  the  balance  of  this  year. 

Since  the  completion  of  the  survey  in  1879,  no  observations  have 
been  made  in  regard  to  any  changes  which  may  have  taken  place  during 
the  year.  The  abrasion  of  the  western  shore  still  continues,  but  no  mate- 
rial increase  in  the  shoaling  of  the  main  ship  channel  has  been  reported. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $40,000 
was  made  for  the  improvement  of  this  harbor,  and  the  following  project 
for  the  expenditure  of  this,  and  balance  available  from  former  appropria- 
tion has  been  submitted,  viz :  To  dredge  a  channel  through  the  inner 
bar  that  has  recently  formed,  and  to  construct  as  much  of  the  training- 
wall,  according  to  project  submitted  with  annexed  report  for  1879,  as 
the  appropriation  will  allow. 

The  work  to  be  done  by  contract,  provided  reasonable  bids  are  received, 
otherwise  the  work  to  be  done  oy  hired  labor.    An  appropriation  of 
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$100,000  is  asked  for  fiscal  year  ending  June  30, 1882,  to  be  applied  to 
the  constraction  of  the  retaining  waH  on  the  west  side  of  the  channel  in 
front  of  Fort  McEee. 

The  total  cost^  as  estimated,  for  the  work  proposed  is  (177,250,  and 
the  amount  required  to  complete  the  work,  exclusive  of  former  appro- 
priations, is  $124,152.  but  if  tiie  materials  of  the  ruins  of  Fort  McKee 
can  be  used  as  part  oi  the  ballast,  it  is  estimated  that  the  amount  asked 
for  will  complete  the  work  to  the  extent  of  the  present  project. 

The  removal  of  the  wrecks,  accomplished  during  the  year,  not  only 
lessens  the  dangers  of  navigation,  but  it  may  reasonably  be  supposed 
that  one  of  the  causes  which  tended  to  the  formation  of  tibte  inner  bar  is 
thereby  removed. 

The  improvement  contemplated — ^the  deepening  of  the  main  ship-chan- 
nel to  its  former  depth  of  24  feet — ^will  not  only  exert  a  beneficial  influence 
upon  the  commerce  of  Pensacola.  in  so  far  as  it  will  permit  this  place,  if 
not  to  immediately  increase,  at  least  to  retain  its  already  large  trade, 
but  will  also  enable  our  vessels  of  war,  of  the  above  draught,  to  readii 
Pensacola  navy-yard  without  detention. 

The  woT}i  is  located  in  the  coUeotion  difltriot  of  Pensacola,  Fla.,  with  Pensacola  m 
the  port  of  entry,  and  is  situated  near  Forts  Pickens  and  McBee  and  Pensacola  light- 
house. 

The  following  statistical  statement  of  the  commerce  of  Pensacola  for 
the  fiscal  year  ending  June  30, 1880,  has  been  furnished  me  by  the  col- 
lector: 

Duties  on  imports  and  sale  of  unclaimed  goods ^ ^^ $10,864  96 

Tonnage  dues 50,888  55 

Hospital  taK 1,878  86 

Officiallees , 3,441  90 

Steamboat  ingpeotions.,,., 276  00 

Total 67,335  79 



Amoant  oiexpovtB  to  foreign  countries. 1, 930,  €39 

Amount  of  shipments  coastwise '. 335, 346 

Total 2,265,985 

Foreign  vessels  entered :  334  vessels,  233,043  tons,  4,867  men.  Foreign  vessels  cleared : 
346  vessels,  243,249  tons,  4,961  men.  American  vessels  entered  from  foreign  countries : 
64  vessels,  23,244  tons,  50u  men.  American  vessels  cleared  to  foreis^n  countries :  31 
vessels,  11,001  tons,  265  men.  Vessels  entered  coastwise :  192  vessels,  63,947  tons,  2,078 
men.  Vessels  cleared  coastwise :  211  vessels,  55,652  tons,  2.092  men.  Total  number  of 
vessels  entered :  590  vessels,  320,234  tons,  7,451  men.  Total  number  of  vessels  cleared : 
588  vessels,  309,902  tons,  7,288  men. 

Money  statement 

July  1,1879,  amount  available 316,779  48 

Amount  appropriated  by  act  approved  June  14, 1880 40, 000  00 

$56,779  48 

July  1,  1880,  amount  expended  during  fiscal  year 3,661  41 

July  1,1880,  amount  available ^ ^..^^..    53,098  07 

Amoant  (estimated)  reouired  fpr  completion  of  proposed  project Ui4, 470  53 

Araoimt  that  ean  be  profitably  expended  in  fiscaiyear  ending  June  30, 188!t.  100,000  00 
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IMPROVEMENT  OF  HARBOR  AT  CTEDAR  KEYS,  I^LORIDA. 

Provision  was  made  for  the  survey  of  this  harbor  by  act  of  Congress 
approved  June  10, 1872. 

The  survey  was  made  from  August  to  December,  1872,  and  the  report 
upon  it  was  made  in  1873,  and  is  contained  in  the  annual  Beport  of  the 
Chief  of  Engineers  of  that  year. 

The  project  recommended  at  that  time  was  to  dredge  a  channel  100 
feet  wide  and  10  feet  deep  across  the  bend  in  the  main  channel  passing 
to  the  westward  of  Harbor  Key.  It  was  afterward  modified  so  as  to 
obtain  in  the  same  manner  a  channel  12  feet  deep,  oi^  as  deep  as  the  un- 
derlying limestone  would  permit  from  the  Gulf  of  Mexico  to  Cedar 
Keys. 

During  the  progress  of  the  work  in  1877  another  change  was  made, 
which  it  was  thought  would  reduce  the  cost  materially  and  accomplish 
the  same  result.  This  change  was  to  make  a  cut  across  the  middle 
ground  between  Way  Key  and  Depot  Key,  instead  of  the  one  first  pro- 
posed across  the  bend  in  the  main  channel  passing  to  the  westward  of 
Harbor  Key. 

The  present  plan  is  therefore  to  dredge  a  channel  200  feet  wide  and  as 
deep  as  the  underlying  limestone  wiU  permit,  not  exceeding  12  feet, 
through  the  outer  bar  and  the  middle  ground  between  Way  Key  ana 
Depot  Key,  and  to  make  slight  improvements  by  dredging  portions  of 
the  channel. 

The  original  estimated  cost  of  this  work  was (133, 500  00 

The  amounts  appropriated  are  as  follows: 

Act  approved  June  10,  1872 |7,500  00 

Act  approved  March  3,  1875 15,000  00 

Act  approved  August  14,  1876 10,000  00 

Act  approved  June  18,  1878 20,000  00 

Act  approved  March  3, 1879 15,000  00 

Act  approved  June  14,  1880 15,000  00 

82, 500  00 

Total 51,000  00 

The  first  appropriation  was  expended  in  dredging  by  contract  on  the 
outer  bar.  The  second  at  the  same  place  and  in  the  same  manner.  The 
third  was  applied  to  dredging  a  cut  through  the  middle  ground,  and  the 
balance  on  the  outer  bar  and  making  slight  improvements  in  the  main 
channel  between  Sea  Horse  and  Harbor  Keys.  The  fifth  has  been  and 
is  being  used  in  the  removal  of  the  wreck  of  the  steamer  Lewisburg  and 
widening  the  dredged  channel  through  the  outer  bar. 

The  results  obtained  up  to  tiie  close  of  the  fiscal  year  ending  June  30. 
1879,  were  a  cut  200  feet  wide  and  11 J  feet  deep  (down  to  the  limestone) 
through  the  middle  ground,  anotilefr  100  feet  widid  and  12  fe^  deep 
through  the  outer  bar. 

During  the  fiscal  year  ending  June  30^  1880,  the  wr<eok  of  the  steattler 
Lewisburg  was  removed  and  14^273  cubic  yards  were  eiteavated  by  con- 
ttuct  on  the  outer  bar  in  the  process  of  widening  the  cut. 

It  is  proposed  to  use  the  appropriation  made  by  act  of  Ck>ngiiefi6  ap- 
proved June  14, 1880,  and  the  balance  of  the  appropriation  made  by  act 
approved  March  3, 1879,  in  widening  the  cut  through  the  outer  bar  and 
completing  the  project. 

The  improvement  already  effected  seems  to  have  been  of  considerable 
value  to  Cedar  Keys. 
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The  tx)wn  has  increased  in  population  and  in  the  number  and  character 
of  its  buildings.  Local  trade  is  reported  to  have  increased  ftilly  60  per 
cent.  Tonnage,  imports,  exports,  and  revenue  have  all  increased  con- 
siderably during  the  past  year. 

Tliis  work  is  in  the  collection  district  of  Cedar  Keys,  and  Cedar  Keys  is  the  port  of 
entry. 

The  following  are  the  commercial  statistics  as  furnished  by  the  col- 
lector of  customs : 

Value  of  foreign  imports 1^7,280  00 

Value  of  exports  to  foreign  ports 5,061  00 

Amount  of  revenue  collected 8,500  00 

Total  number  of  vessels 167 

Tonnage  of  same 103,938 

Total  number  of  vessels  cleared •    143 

Tonnage  of  same 75, 178 

Value  of  pine  and  cedar  lumber  shipped ^52,000  00 

Value  of  other  commerce 105,000  00 

Money  statement. 

July  1,  1879,  amount  available $21,107  71 

Amount  appropriated  by  act  approved  June  14,  1880 15, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 9, 424  38 

Julyl,  1880,  outstanding  liabilities 33  90 


$36, 107  71 


9, 45a  28 
Julyl,  1880,  amount  available... 26,649  43 


Abstract  of  Wis  received  and  opened  November  5,  1879,  for  dredging  in  the  harbor  of  Cedar 

KeySf  Florida. 


No. 

Kame  of  bidder. 

Price  per 
cubic  yard. 

Time  of  commencing  work. 

Time  of  completing  work. 

1 
2 

James  E .  Slaughter 

S.  N.  Kimbftll  r 

$0  69.9 
95 

On  or  before  the  1st  day  of 
February,  1880. 

On  or  before  the  Ist  of  Jnne, 
1880. 

Abstract  of  bids  received  and  opened  November  5,  1879, /or  removal  of  wreck  of  steamer 

Lewisburgf  in  the  harbor  of  Cedar  Keys,  Florida. 


No. 


1 
2 


Name  of  bidder. 


James  B.  Slaughter. 
S.N.KimbaU 


Price  of  entire  removal 
of  work. 


$1,999 
3,900 
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IMPROVEMENT  OF  CHATTAHOOCHEE   RIVER,  ALABAMA  AND  GEORGIA. 

The  survey  for  this  improvement,  directed  by  acts  of  Congress  approved 
March  31, 1871,  and  June  10, 1872,  was  made  from  Columbus  to  Chatta- 
hoochee.   The  preliminary  report  was  submitted  July  31, 1872. 

The  final  report  was  submitted  in  the  annual  report  from  this  office 
for  fiscal  year  ending  June  30, 1873,  and  forms  a  part  of  the  annual 
report  of  the  Chief  of  Bngineers  for  that  year. 

The  project  adopted  for  the  improvement  was  to  obtain  a  good  navi- 
gable channel,  100  feet  wide  and  4  feet  deep  at  low-water,  throughout 
the  whole  distance  from  Columbus  to  Chattahooche,  by  the  removal  of 
snags,  wrecks,  and  loose  rocks,  and  the  improvement  of  a  number  of 
bars  by  blasting,  dredging,  and  the  construction  of  dams  and  wing-dams» 
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The  estimated  cost  of  the  impioTematt  was  $145^47.66. 
The  appropriatious  since  made  are  as  follows : 

By  »ot  of  Congrew  approved  Jnne  23,  1874 186,000  W 

By  act  of  Congress  approTod  March  3,  1875 25,000  00 

By  act  of  Congress  approved  August  14, 1876 20,000  00 

For  the  ChattiAooobee  and  Flint  together 70,000  00 

For  the  Chattahooche  by  itself: 

By  act  of  Congress  approved  June  18, 1 878 118,000  00 

By  act  of  Congress  approved  Maroh  3, 1879 16,000  00 

By  act  of  Congress  approved  June  14,  1880 ,     20,000  00 

Total 53,000  00 

Ko  Beparat«  account  waskeptof  the  expenditures  on  theCbattahoochee 
and  Flint  rivers  when  the  appropriation  was  made  for  the  two  toother; 
but  I  am  satisfied  the  estimated  cost  of  this  work  will  be  exce^ed  by 
(36,000  or  $45,000,  on  account  of  the  necessary  repair  required  to  works 
constructed  each  subsequent  year,  and  the  annual  removal  of  suags 
which  lodge  in  the  river  after  every  freshet — tlie  cost  of  both  these  items 
being  about  $5,000  per  year  which  has  been  expended  each  year  since 
the  commencement  of  the  work,  and  should  be  charged  to  the  preserva- 
tion of  the  improvement  rather  than  to  the  improvement  itself. 

The  work  accomplished  on  the  improvement  to  June  30, 1879,  was  as 
follows : 

The  snags  and  overhanging  trees  obstructing  or  endangering  naviga- 
tion of  the  river  at  the  commencement  of  this  work  were  removed,  as 
well  as  the  annual  accumulations  since.  Upatoi  and  Woolfolk  Bars  were 
improved  by  a  system  of  timber  and  brush  wing-dams  so  as  to  give  Uie 
width  and  depth  required  by  the  project. 

A  shore  protection  was  constructed  at  Shell  Greek  Bar,  Little  Uchee, 
reef  below  Little  Uchee,  Slick  Bluff,  roils  below  Slick  Bluff,  and  the 
middle  rocks  in  Uchee  and  Hardridge's  Shoals  were  allopened  by  blasting 
to  the  fall  depth  but  not  to  the  full  width  required. 

During  tlte  last  fiscal  year  a  barge,  60  by  20  feet,  with  quarters  for 
laborers  and  hoisting-derrick;  a  magazine-boat,25  by  12  feet;  a  dumping* 
scow,  30  by  15  feet ;  and  a  scow  for  pile-driving,  50  by  24  feet,  were  built. 
The  remainder  of  the  work  is  given  in  tJie  following  table : 

roftHlor  ttaiemmt  of  progrttt  tnad»  during  tit  flteal  year  mding  June  30,  1860. 
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The  whole  impioToneBt  e&oted  sinfe  the  oommencemeBt  of  the  work 
is  shown  by  the  following  bride,  except' the  lemoral  of  snags  and  o^er- 
hangiog  trees,  which  has  been  carried  the  whole  length  of  the  rirer  to 
be  improved: 
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It  is  proposed  to  apply  the  funds  available  for  expenditare,  daring 
fiscal  year  ending  June  30, 1881,  as  follows : 

To  removing  the  wreck  of  the  steamer  Big  Foot,  at  Boanoke  Island. 

Bepajriug  old  jetty  at  Woolfolk'a  Bar. 

To  improving  the  river  channel  at  Jennie's  Island,  Mound,  Francis, 
and  Preston  Bars,  so  as  to  give  a  channel  of  4  feet  depth  at  low-water, 
by  SCOOT,  produced  by  contracting  the  low- waterway  by  means  of  brush 
wing-dams. 

To  improving  the  channel  at  the  rock  shoals  known  as  Helton's  and 
Cody's  Bocks,  Snake,  A veritt's,  Oak  Log,  Baltimore,  Boanoke,  Gowackee, 
and  Morgan's  Sboals.  by  wldfeOing  and  deepening,  by  blasting. 

To  snagging  the  wBole  length  of  the  river. 

It  is  proposed  to  apply  the  appropriation  asked  for  fiscal  year  ending 
June  30, 1882,  in  accordance  witi  the  above  project. 

The  total  value  of  merchandise  transported  during  the  fiscal  year 
amounts,  in  round  numbers,  to  14,398,000  against  $3^60,000  last  year, 
showing  a  gain  of  $637,000  or  about  20  per  cent.  The  river  freights 
aggregate  9196,800  against  tl66,65S  last  year,  a  gain  of  $40,242  or 
nearly  40  per  cent. 

It  is  expected  that  the  business  will  continae  to  increase  from  year  to 
year  as  the  navigation  is  improved, 

Tbia  iTork  is  eitoated  in  the  collection  dietriota  of  SavBnnab,  Brnniwick,  and  Saiut 
Mary's,  Ga. 
The  nearest  port  of  entry  is  Savannali,  Oa. 
TheambantofraTenueooUeotod  forflsoal  year  ending  JnoeSO,  1S80,  is  949,417.01. 

This  improvement  will  not  be  permanent  in  ite  character,  when  com- 
pleted, and  it  is  estimated  it  will  require  an  annual  expenditiire  of  about 
93,000  to  preserve  it,  in  removing  snags  and  overhanging  trees,  repairs 
to  dams  and  wing-dams,  and  shore  protection  to  prevent  caving  banks. 
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Money  statement 

July  1,  1^79,  amonnt  available $27,454  r*2 

Ainoiiut  appropriated  by  act  ajiproved  June  14,  1880 20, 000  00 

f47, 454  82 

July  1,  1880,  amount  expended  durinj^  fiscal  year 10, 250  16^ 

July  1,  1880,  amount  available :{7,204  66. 

Amount  (estimated)  required  for  completion  of  existing  project 85,  (KK)  00 

Amount  that  can  be  profitably  exjiended  in  fiscal  year  ending  June  .'JO,  1882.  80, 000  00 


K5. 

IMPKOVKMENT  OF  FLINT  RIVER,  GEORGIA. 

The  survey  for  this  improvement  was  directed  by  act  of  Congress 
approved  June  10,  1872,  and  was  made  between  November,  1872,  and 
>Iay,  1873.  Report  was  submitted  upon  it  in  the  annual  report  from 
this  office  for  the  fiscal  year  ending  June  30,  1873,  and  is  contained  in 
the  Annual  Eeport  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  the  work  was  to  obtain  a  channel  100  feet 
wide  and  3  feet  deep  by  removing  snags  and  overhanging  trees,  loose 
rocks  on  various  shoals,  and  blasting  channels  through  several  others. 

The  estimated  cost  of  the  improvement  from  Chattahoochee  to  Albany, 
(la.,  was  $184,862. 

The  amounts  appropriated  since  are  as  follows : 

Chattabooehee  and  Flint : 

By  act  of  Congress  approved  Jnne  2.%  1874 ij(!25,  0(^0  00 

By  act  of  Congress  approved  Marcb  3, 1875 '25,000  00 

By  act  of  Congress  approved  August  14,  1876 20, 000  00 

By  act  of  Congress  approved  Jnne  18,  1878 10, 000  00 

By  act  of  Congress  apjjroved  March  3,  1879 7, 000  00 

By  act  of  Congress  approved  Jnne  14,  1880 20,000  00 

Total  for  Chattahoochee  and  Flint  together 70, 000  00 

Total  for  Flint  River  by  itself 37,000  00 

The  last  act,  however,  prescribed  that  $10,000  of  the  amount  appro- 
priated should  be  expended  between  Albanj^  and  Montezuma,  a  portion 
of  the  river  not  included  in  the  original  estimate,  but  which  was  examined 
under  direction  of  the  act  of  Congress  approved  June  18,  1878.  This 
examination  was  made  from  December,  1878,  to  January,  1879.  Eeport 
was  submitted  February  6, 1879,  and  is  contained  in  the  annual  report 
of  the  Chief  of  Engineers  for  the  fiscal  year  ending  June  30,  1879. 

The  project  adopted  for  this  portion  of  the  river  was  to  remove  snags 
and  overhanging  trees,  so  as  to  give  a  navigable  channel  throughout  (an 
estimated  distance  of  77  miles)  for  light  draught  steamers  when  the 
water  was  a  little  above  the  low-water  stage. 

The  estimated  cost  of  the  work  was  $15,100.  The  estimated  cost  of 
the  work  as  now  carried  on  would  therefore  be  $199,962. 

The  work  accomplished  up  to  the  30th  of  June,  1879,  was  as  follows: 

The  river  was  improved  thoroughly,  so  as  to  give  a  good  navigable 
channel  of  the  projected  width  and  depth  from  the  mouth  up  as  far  as 
Bainbridge,  Ga.,  except  at  Rob's  Rocks,  by  the  remov^-l  of  snags,  over- 
hanging trees,  opening  a  channel  on  the  west  side  of  Lambert's  Island, 
and  the  removal  of  the  following  rock  shoals:  Rob's  (not  quite  com- 
pleted), Broad  Axe,  Bryant's,  Versailles,  and  those  at  the  railroad  and 
Bainbridge  City  wharves.   Above  Bainbridge,  Fodderstack,  Cross  Chute, 

68  E 
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and  Red  Bluff  ShoalH  were  improved,  bo  as  to  give  the  required  channel, 
and  Arnett't)  Bridge,  at  Baiubridge,  waB  removed.  A  new  hull  was 
built  for  the  blasting  barge. 

Duriiig  theflseal  year  ending  June  30,  1880,  the  work  performed  on 
41118  n\er  is  as  folluwH: 

The  channel  of  the  river,  to  the  jirojected  depth  and  width,  waaconi- 
l>leted  by  the  removal  of  rock,  Bometimes  loose  and  at  other  times  ex- 
tending all  the  way  across  the  river,  between  Hed  Bluff  and  Bainbridge, 
thus  completing  the  improvement  from  the  mouth  to  Hed  Bluff,  10  miles 
above  Bainl>n(lge.  Work  was  commenced  on  Winding  Shoals,  22  milet* 
above  Bainhridge.  A  working  barge,  60  by  20  feet,  with  quartern  and 
hoisting  derrick,  and  dumping  scow,  35  by  18  feet,  were  also  built. 

The  following  table  shows  in  detail  the  progress  made  daring  the 
year: 
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Since  the  eonimencemeiit  over  50  miles  of  river  have  l>eeii  cleared,  ho 
as  to  give  a  good  navigable  channel  the  entire  year. 

The  following  table  gives  location  of  principal  slioals  iinprvved  with 
depth  and  width  of  channel  before  and  alter  improvement : 


I   j  I 
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It  is  proi>ose«l  during  the  next  fiscal  year  to  continue  this  work  at 
Winding  HIuhiIs  to  eompk-titm  and  then  to  drop  down,  itmoving  Craw- 
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ford's  Point  and  such  other  obstmctions  as  may  be  encountered,  until 
Fodderstack  Shoals  are  reached,  which  will  join  up  to  the  work  below, 
and  complete  the  improvements  from  the  mouth  to  Winding  Shoals,  22 
miles  above  Bainbridge,  Georgia.  It  is  then  proposed  to  tow  the  boats 
to  Hell-Gate,  1  mile  above  Winding  Shoals,  and  work  on  up  stream  as 
far  as  the  funds  will  permit. 

The  proposed  application  of  the  appropriation  asked  for  the  fiscal 
year  ending  June  30, 1882,  is  to  continue  the  work  on  to  Newton  and  as 
far  above  towards  its  completion  as  the  appropriation  will  permit. 

There  is  at  prese&t  no  commerce  above  Bainbridge,  Georgia,  and  the 
improvements  will  be  practically  dormant  until  Newton  is  reached. 
The  citizens  declare  that  they  will  have  a  line  of  boats  on  as  soon  as  the 
river  is  in  condition  to  receive  them. 

From  the  best  information  that  could  be  obtained  it  is  believed  the 
river  business  below  Bainbridge  is  about  10  per  cent,  greater  than  last 
year. 

This  improvement  may  be  considered  as  reasonably  ])ermanent,  and 
it  is  estimated  that  an  annual  appropriation  of  $2,000  for  live  years 
after  the  completion  of  the  work  will  be  sufficient  to  preserve  the  im  - 
proved  channel  as  far  up  as  Albany.  It  is  impossible  to  estimate  at 
present  for  that  portion  below  Albany  and  Montezuma. 

This  work  is  situated  in  the  collection  district  of  Brunswick  and  Saint  Mary's, 
Georgia;  and  Apalachicola,  Florida,  is  the  nearest  port  of  entry. 

Money  statement. 

Julyl,  1879,  amount  available |10,t<70  4l» 

Amount  appropriated  by  act  approved  June  14,  1880 20,  (MM)  (M» 

$30, 870  49 

July  1,  1880,  amount  expended  during  fiscal  year 8, 002  97 

July  1,  1880,  amount  available 2-^,867  52 

Amount  (estimated)  required  for  completion  of  existing  project 167,849  r>2 

Amount  that  can  be  proHtably  expended  in  tisoal  year  ending  June  30,  1882.     T.o,  (MX)  00 
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IMPROVEMENT  OF  APALACHICOLA  RIVER,  FLORIDA. 

The  survey  for  this  improvement  was  directed  by  act  of  Congress 
approved  June  10,  1872,  and  was  made  between  November,  1872,  and 
February,  1873.  The  report  on  the  same  was  made  in  the  annual  report 
from  this  office  for  the  fiscal  year  ending  June  30, 1873,  and  forms  a 
part  of  the  Annual  Report  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  the  improvement  was  to  obtain  a  good  navi- 
gable channel  of  G  feet  depth  of  water  from  its  mouth  up  to  the  river 
Styx  ;  through  that  river  to  Moccasin  Slough,  through  the  slough  to  the 
Apalachicola  Eiver  again,  and  up  it,  to  its  head,  by  the  removal  of 
«nags  and  straightening  and  widening  the  channel  of  Moccasin  Slough. 

TbeeHtimatedcostof  the  work  was $80,  im  00 

The  appropriations  already  made  are  as  follows : 

Hy  act  of  Conjrress  approved  June  '23, 1H74 ^10, 000  00 

Bv  act  of  Coujrress  approved  March  3, 1875 10, 000  00 

By  act  of  Congress  approved  June  18, 187H 8,  000  00 

By  act  of  Congress  approved  March  3, 1879 5, 000  t)0 

Bv  act  of  Congress  approved  June  14,1880 t>,00()  oo 

3.'),  000  00 

4:\  333  00 
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With  these  appropriatiouft  up  to  the  close  of  the  fiscal  year  ending 
June  30, 1879,  snags  and  overhanging  trees  were  removed  fix)m  Apa- 
la<3hicola  to  the  head  of  the  river,  136  miles,  following  the  line  mentioned 
in  the  project.  In  addition  to  the  obstructions  of  t-his  character  in  the 
river  at  the  beginning  of  the  work,  large  accumulations  which  formed 
each  year  since  were  removed. 

Improvements  were  also  made  at  the  upper  and  lower  end  of  Mocca- 
Hin  Slough.  Those  at  the  upper  end,  although  improving  the  channel, 
did  not  accomplish  all  that  was  desired. 

Ohipola  Cut-off,  although  not  included  in  the  original  project,  was 
improved,  by  authority  of  the  Chief  of  Enghieers,  from  its  upper  end  to 
White's  Bluff*,  a  distance  of  9  miles,  giving  access  by  steamer  to  the 
orange-groves  along  Dead  Lake. 

During  tlie  past  fiscal  year  a  caual  was  cut  across  the  peninsula  be- 
tween Apalachicola  River  and  the  upper  end  of  Moccasin  Slough,  70 
feet  wide  and  5  feet  deep,  to  avoid  the  abrupt  turn  at  the  junction ; 
3,611  cubic  yards  of  sticky  blue  clay  with  a  great  many  cypress  logs 
and  stumps  were  removed  in  the  work,  which  was  three  times  stopped 
by  freshets.  A  raft  of  several  hundred  logs  was  removed  at  Styx 
Island,  and  another  near  the  mouth  of  Styx  River. 

It  is  proposed  to  apply  the  funds  available  for  expenditure  during 
fiscal  year  ending  June  30,  1881,  in  completing  the  canal  at  Mocciisin 
Slough,  and  in  removing  either  Styx  Island  or  the  point  opposite,  and 
keeping  the  channel  clear  of  snags. 

The  proposed  application  of  funds  asked  for  the  fiscal  year  ending 
June  30,  1882,  will  be  to  keep  the  improvements  already  comi)leted  in 
repair,  to  keep  the  channel  free  from  obstructions,  and,  if  found  neces- 
sary, to  improve  Bluntstown  Bar  by  a  system  of  Ming-dams. 

The  present  commerce  on  this  river  is  insignificant  when  compared 
with  its  former  proportions.  This  diminution  is  due  to  railroa<l  comi>e- 
tition  jind  the  shallow  outlet  at  Apalachicola.  With  the  river  bar  deep- 
ened to  11  feet  a  fresh  impetus  would  spring  up,  and  the  river  (joni- 
merce  would  probably  be  increased  to  a  great  extent. 

This  work  is  situated  in  the  collection  district  of  Apalachicola. 

A]»alachir'ola  is  the  nearest  ]tort  of  entrv.     The  amount  of  revenue  colh*rted  durini^ 
fis<al  year  endin^r  Ju,,,.  3(),  IH^o,  f^29r2M).  ' 

Money  staiemeni, 

July  1.  lH79,ainouuf  available i;9..'V?9  'M\ 

Amount  apitroj)riat«'d  l»y  act  ai»]»roved  June  14,  lc<HO 2,  (MK)  (K) 

.July  1, 1H80,  amount  expended  during  fiscal  year ;■>,  68:5  OT 

July  1,18H0,  amount  available 5,JH)r>  39 

Amount  (eatiniated)  required  for  completion  of  existing  jiroject 45,  (KH)  OU 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  .June  30, 1^82.       5,  (KK)  <)() 


K7. 

IMPROVEMENT  OF  APALACHICOLA  BAY,  FLORIDA. 

A  survey  for  this  improvement  was  provided  for  by  act  of  Congress 
approved  July  11, 1870.  Keport  of  the  survey  is  contained  in  the  An- 
nual Report  of  the  Chief  of  Engineers  for  1872,  pp.  612  to  623.    A  re- 
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examination  was  made  in  December,  1878,  report  of  which  is  contained 
in  Annual  lieport  of  the  Chief  of  Engineers  for  1879,  pp.  823  to  824. 

The  plftri  adopted  consists  in  dredging  a  channel  through  the  bar  at 
the  mouth  of  the  Apalachicola  Eiver,  100  feet  wide  and  11  feet  deep  at 
mean  low- water,  following  the  natural  line  of  deepest  water. 

The  first  appropriation,  $10,000,  was  made  by  act  of  Congress  ap- 
proved June  14, 1880. 

With  the  amount  thus  made  available  it  is  proposed  to  commence 
dredging,  according  to  the  plan,  by  contract.  It  is  proposed  to  apply 
the  appropriation  asked  for  in  continuing  the  work. 

The  work  would  not  probably  be  permanent,  but  would  require  more 
or  less  dredging  every  three  or  four  years  to  keep  the  channel  oy^n  to 
its  full  length  and  depth. 

The  commerce  to  be  benefited  is  given  in  the  following  statement  from 
the  custom  house  records: 

Amount  of  revenue  collected  at  the  port  of  Apalacbicola,  Fla.,  during  the  fiscal 
year  endin*^  June  30,  1880,  |292.50.     Marine-hospital  dues  collected,  1892.81. 

Vessels.      Tons. 

Coastwise  arrivals iM        6, 265 

American,  from  foreign  countries H        2,270 

Foreign,  from  foreign  countries 1  465 

:a        9, 000 

Coastwise  clearances :«        7,774 

American  vessels  fnmi  foreign  countries 4  913 

37        8, 687 
Vessels  owned  in  this  district,  27  ;  1,459  tons. 

An  appropriation  of  $90,000  is  asked  for  fiscal  year  ending  June  30, 

1882. 

This  work  is  in  the  collection  district  of  Apalachicola,  Fla.,  and  Apalachicola  is  the 
port  of  entry. 

Money  statement. 

Amount  appropriated  b v  act  api^roved  June  14, 1880 $10, 000  00 

July  1,  1880,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 90, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1S82.  90, 000  00 


K  8. 

IMPROVING  TAMPA  BAY,  FRORIDA— DEEPENINCJ  THE  BAR  AND  CHANNEL 

FROM  THE  BAR  TO  THE  TOWN  OF  TAMPi^. 

The  examination  for  this  improvement  was  provided  for  by  act  of 
Congress  approved  June  18,  1878.  It  was  made  from  Egmont  Key,  at 
the  entrance  to  Tampa  Bay,  to  tlie  wharves  at  Tampa  in  the  Hillsbor- 
ough Kiver.  The  report  upon  it  is  contained  in  the  Annual  Eeport  of 
the  Chief  of  Engineers  for  1879,  pp.  870  to  873. 

The  project  adopted  is  to  dee])en  the  present  or  old  channel  by  dredg- 
ing to  9  feet,  with  a  width  of  200  feet  in  the  river  and  150  feet  in  the 
bay,  from  BalUist  Point  to  Tampa. 

The  first  appropriation,  $10,000,  was  made  by  act  of  Congress  ap- 
proved June  14,  1880.  It  is  proposed  to  expend  this  amount  in  dredg- 
ing, according  to  the  above  plan,  by  contract. 


• 
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It  is  proposed  to  cxpeud  the  amount  asked  for  in  continuing  work 
according  to  tlie  plan.  Tlie  improvement  would  not  probably  be  perma- 
nent. It  is  not  possible  to  estimate  the  cost  of  keeping  the  improve- 
ment when  once  effected,  but  probably  a  small  amount  comi>ared  with 
original  cost  of  work  will  be  required. 

The  value  of  the  commerce  to  be  benefited  is  given  by  merchants  of 
Tampa  at  $500,000.  Tonnage  of  vessels  entering  the  port,  2,600.  Num- 
ber of  cattle  shipped  from  Tampa  to  Cuba,  15,000. 

This  work  \h  in  the  c<)lI<*ctioii  diHtrict  of  Cwlar  Keys,  Fla.,  and  Cedar  Keys,  Fla.,  is 
the  nearest  ]»ort  of  entry. 

An  appropriation  of  )if87,(K)0  is  asked  for  fiscal  year  ending  June  30, 
1882. 

Mo)iey  Mtatement. 

Amount  appropriated  hy  aet  approved  June  14,  1880 $10,000  00 

July  1,  1880,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 87, 002  00 

Amount  that  can  be  iirotitably  exi»ended  in  fiscal  year  ending  June  30,  18H2.    87, 000  00 


K  g. 

IMPROVEMENT  OF  SUWANEE  RIVER,  FLORIDA. 

The  examination  of  this  work  was  provided  for  by  act  of  Gongre&s 
approved  June  18,  1878,  and  was  made  from  its  mouth  to  the  bridge  of 
the  Jacksonville,  Pensacola  and  Mobile  Baili*oad,  just  below  the  mouth 
of  the  Withlacoochee  Eiver,  near  EUaville,  Florida.  The  report  was 
made  August  26, 1879,  and  is  contained  in  the  Annual  Keport  of  the  Chief 
of  Engineers  for  1879,  pp.  857  to  S63. 

The  plan  adopted  was  to  dredge  a  channel  through  the  bars  at  East 
and  West  Passes,  5  feet  deep  and  of  sufficient  width  for  the  vessels  em- 
I)loyed  in  the  commerce  of  that  locality;  to  remove  the  snags,  and  im- 
prove the  shoals  in  the  river,  so  as  to  give  a  depth  of  5  feet  as  high  up- 
UN  Roland's  Bluff,  and  from  there  to  EUaville  of  4  feet. 

The  first  appropriation  for  the  work,  $5,000,  was  made  by  act  of  Con- 
gress approved  June  14,  1880,  which  amount  it  is  proposed  to  expend  in 
dredging  through  the  bar  at  East  Pass,  by  contract,  according  to  the 
a<lopted  i)lan,  as  far  as  the  appropriation  will  admit. 

It  is  i)roposed  to  expend  the  amount  asked  for  in  continuing  the  work 
according  to  the  plan.  It  is  not  thought  the  improvement  will  be  per- 
manent, but  that  a  small  amount  of  dredging  will  be  required  from  time 
to  time.  The  commerce  to  be  benefited  is  i)rincipally  in  pine,  cj'press, 
and  cedar  timber,  2,000,000  feet  of  which  were  shipped  last  year.  Cot- 
ton, sirup,  and  other  farm  products  in  limite<l  quantity  are  also  annually 
8hipi>ed,  chiefly  to  Cedar  Keys,  from  points  on  the  Suwanee  River. 

This  work  is  situated  in  the  collection  district  of  Saint  Mark's,  Fla.,  and  Cedar  Keys 
is  the  jmrt  of  entry. 
An  appropriation  of -SoO^OOO  is  asked  for  fiscal  year  ending  June  30,  1882. 

Money  statement 

Amount  appropriated  bv  act  api)roved  June  14, 18H0 J^"),  (KK)  00 

.July  1,  1J*»0,  amount  available .^OOO  00 

Amount  (estimated)  rt^uired  f<»r  completion  of  existing  project 50, 158  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  oO,  000  00 

• 
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K  10. 

IMPROVEMENT  OF  CHOCTAWHATCHEE  RIVER,  ALABAMA  AND  FLORIDA. 

The  exaniiDatiou  of  this  river  was  made  under  authority  of  an  act  of 
( 'Ongress  approved  March  3,  1871,  from  its  mouth  to  Geneva,  in  the 
winter  of  1871-72.  The  report  was  submitted  April  0,  1872,  and  is  con- 
tained in  the  annual  report  of  the  Chief  of  Engineers  for  that  year. 

The  project  adopted  for  this  improvement  was  to  remove  such  ob- 
structions as  rendered  the  navigation  of  the  river  diiiicult  and  danger- 
ous for  the  aQiount  of  trade  on  the  river  at  that  time.  • 

The  estimated  cost  of  carrying  out  the  project  was i^4, 3IV2  00 

Tlie  amounts  appropriate  have  been  as  follows  : 

Hy  act  of  Congress  approved  June  23, 1874 fS,  000  (K) 

By  act  of  Congress  approved  March  3, 1875   5, 000  OO 

liy  act  of  Congress  approved  August  14, 1876 5,  (KK»  00 

Hy  act  of  Congress  approved  March  3, 1879 5,  OiH)  OO 

Hy  act  of  Congress  approved  June  14, 1880 7, 000  00 

27, 000  OO 

7,332  00 

Tiie  work  accomphshed  under  these  appropriations  up  to  the  end  of 
the  fiscal  year  ending  June  30,  1879,  was  as  follows: 

The  liver  was  cleared  of  snags  and  overhanging  trees  from  its  mouth 
about  100  miles  up.  Several  sand  and  gravel  bars  were  removed,  and 
a  channel  30  feet  wide,  3  feet  deep  at  mean  low- water,  and  150  feet  long 
was  cut  through  a  rock  shoal  about  I  mile  above  Cerro  Gordo,  or  Hewitt's 
Bluff. 

During  the  fiscal  year  ending  June  30,  1880,  about  20  miles  more  of 
the  river  were  cleared  of  snags  and  overhanging  trees.  Three  months' 
time  was  consumed  in  removing  snags  and  other  obstructions  to  navi- 
gation which  had  accumulated  in  that  portion  of  the  river  previously 
worked,  as  a  result  of  one  of  the  highest  freshets  known  on  this  riv^er, 
which  occurred  in  October,  1879. 

A  cut-off  was  opened  by  the  removal  of  snags,  stumps,  and  overhang- 
ing trees,  giving  a  channel  60  feet  wide  and  7  feet  deep,  to  enable  boats 
to  avoid  the  obstructions  caused  by  the  wreck  of  the  steamer  eighth  of 
January,  the  removal  of  which  was  prevented  by  too  high  a  stage  of 
water. 

Buzzard  Bar  Cut  off,  15  miles  below  Geneva,  was  also  cleared  out 
thoroughly  in  the  same  manner,  giving  a  good  navigable  channel,  with 
from  3  feet  to  it  feet  where  there  was  formerly  from  14  inches  to  2  feet, 
and  which  is  still  deepening. 

The  greater  portion  of  the  wr'bck  of  the  steamer  Boston,  including 
upper  deck,  side  next  to  the  channel,  shaft,  cranks,  flanges,  cylinders, 
engine-beds,  and  other  parts  of  the  machinery,  was  removed  and  ])lacea 
upon  the  bank  opposite.  The  ])art  not  removed  is  far  enough  below 
the  lowest  stage  of  water  not  to  interfere  with  navigation. 

Five  hundred  and  forty-six  snags,  stumps,  and  logs,  5,247  overhanging 
and  submerged  trees,  22  cubic  yards  of  sand,  and  the  upper  works  and 
machinery  of  the  steamer  Boston  were  removed  during  the  j^ear  in  the 
above  improvement.  About  120  miles  of  the  river,  from  the  mouth  up^ 
has  now  been  improved,  giving  a  comparatively  safe  channel  with  a 
depth  of  4  feet  at  all  stages  of  the  river. 

With  the  appr(>])riation  ma<le  by  act  of  Congress  approved  June  14, 
1880,  it  is  i)roposed  to  remove  snags,  stumps,  and  overhanging  and  sub- 
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inerge«l  trees  from  that  portion  of  the  river  between  Buzzard  Bar  and 
Half  Moon  Bluff,  and  to  cut  a  channel  3  feet  deep  and  50  feet  wide 
through  the  rock  shoal  about  4  miles  below  Geneva.  It  is  proposed  to 
apply  the  appropriation  asked  for  to  completing  the  improvement  ac- 
cording to  the  adopted  i)lan,  and  to  extending  the  improvement  abovo 
Geneva  toward  Xewton  as  far  as  possible,  according  to  the  plan  pro- 
l)osed  in  the  report  upon  that  portion  of  the  river  submitted  March  3, 
1880. 

The  cost  of  improving  that  portion  of  the  river  below  Geneva  will  ex- 
ceed the  original  estimate  about  $10,000,  the  explanation  of  which  is 
as  follows :  The  original  estimate  was  based  upon  the  supposition  that 
the  work  would  be  pushed  through  in  a  year  or  two  at  most,  whereas 
tiie  ap])ropriations  as  made  have  already  extended  the  work  six  years, 
requiring  the  expenditure  of  a  large  percentage  of  each  appropriation, 
since  the  first,  to  clear  the  portion  of  the  river  previously  worked  of 
snags  and  other  obstructions  which  annually  form  in  the  river. 

A  great  deal  of  work  has  also  been  done  not  contemplated  in  the 
original  estimate,  which  assumed  a  depth  of  7  feet  way  through,  which 
was  not  found  to  exist,  and  which  only  estimated  for  an  improvement 
for  the  trade  on  the  river  at  that  time,  whereas  the  increase  since  has 
required  a  more  comi)lete  improvement. 

There  is  no  doubt,  in  fact,  that  more  work  has  been  already  done,  and 
the  river  is  now  in  better  condition,  than  was  contemplated  by  the  report 
upon  which  the  estimate  was  based. 

The  improvement  of  this  river  will  not  be  permanent  in  its  character, 
but  will  require  an  expenditure  of  about  $2,000  each  year  to  keep  it  in 
good  order. 

Since  the  improvement  of  the  river  began,  and  probably  hi  a  great 
measure  owing  to  its  i)artially  improved  condition,  there  has  been  a 
marked  increase  in  the  commerce  carried  on  between  pohits  on  the  river 
and  Pensacola. 

As  to  the  amount  of  commerce  to  be  benefited  by  this  imi)rovement, 
it  is  rej^orted  that  there  are  now  25,000,(MM)  cubic  feet  of  timber  annually 
transported  down  the  river,  and  miscellaneous  stores,  cotton,  and  gi^ain, 
up  and  down,  probably  of  nearly  ecpml  value. 

This  work  is  Hituatod  in  tin.'  collj-ctioii  district  of  PtMisacola,  Fla.,  jiiid  Pensacola  is 
til*'  port  of  entry. 

Ki'venne  <'olli'(!t<'d  duriii«r  fiscal  year  ending  June  liO,  1hh(»,  .^f)7,:i:{r>.71>. 

Money  statement. 

July  I,  1"<71»,  ainonnt  available ^.'j.  14-  )^T 

Amount  appropriated  bv  act  api>roved  .Inne  14,  If^HJ 7.000  <N) 

§12, 14'^  H7 

July  1,  I'^'^O,  amount  expeniled  during  tiscal  year 4,101  :U 

July  1.  l^T'O,  amount  available 8,047  '>:{ 

Amount  (estimated)  required  for  eomidetion  of  existing  projei-t  i*t),  50*)  00 

Amount  that  ran  lie  profitably  expended  in  tiscal  year  ending  June  'M),  \f<^'2.     20, 000  00 
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EXAMINATION     OF     CHOCTAWHATCIIEE     FROM     (JENEVA    TO     NEWTON, 

ALABAMA. 

Office  of  United  States  Engineer, 

Mobile,  Ala.,  March  3,  1880. 

Sir:  I  have  tlie  honor  to  submit  the  followiug-  report  upon  the  exam- 
ination of  Choctawhat€hee  Eiver  from  Geneva  to  Newton,  Ala.,  author- 
ized by  act  of  Congress  approved  March  3,  1879: 

After  completion  of  the  field  work  on  Pea  River  the  examination  of 
tliis  portion  of  the  Choctawhatchee  was  commenced  at  Newton,  Ala., 
and  continued  to  Geneva,  Ala.,  a  distance  of  about  40  miles  by  river. 
The  river  for  about  10  miles  below  Newton  runs  over  a  series  of  rock 
shoals,  then  for  about  20  miles  through  a  low,  swamj>y  country,  and  is 
made  impassable  by  the  accumulation  of  snags  and  drift-logs.  For 
the  remaining  10  miles  the  river  is  nearly  free  from  obstructions  until 
the  rock  shoal  near  Geneva,  about  half  a  mile  long,  is  reached.  To  im- 
prove this  section  of  the  river  (from  Newton  to  Geneva)  for  navigation 
by  light  draught  boats  during  the  season  of  high-water,  lasting  about  six 
months  during  each  year,  besides  the  removal  of  snags  and  logs,  the 
construction  of  three  locks  and  dams  would  be  necessary.  The  cost  of 
the  whole  improvement  is  estimated  at  $78,500. 

The  probable  commerce  to  be  benefited  by  this  improvement  being 
comparatively  small,  and  naturally  passing  over  the  lower  portion  of 
the  river  to  reach  a  market,  I  would  respectfully  recommend  that  it  be 
deferred  until  that  of  the  river  below  Geneva  is  completed. 

The  rei)ort  of  Mr.  Haines,  assistant  engineer  in  charge  of  the  exam- 
ination, and  a  tracing  of  index  map  are  herewith  transmitted  for  de- 
tailed information. 

Kespectfully  submitted. 

A.  N.  Damrell, 

Captmn  of  Engineers. 

The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OF   MR.    HIRAM   HAINE8,    ASSISTANT  EN(HNKKR. 

Mobile,  Ala.,  October  18,  1879. 

Sir:  I  have  the  honor  to  submit  the  followini^  report  of  my  examination  of  the 
Choctawhatchee  River,  from  Newton  to  its  confluence  with  Pea  River  at  Geneva, 
Ala. 

The  length  of  the  river  from  Newton  to  its  junction  w.ith  the  Pea  River  is  about  40 
miles.  In  the  tirwt  10  miles  of  the  descent,  or  to  the  mouth  of  Little  Choctawhatchee 
Creek,  the  obstructions  consist  chiefly  of  rock  shoals  and  tish-trap  dams,  corajiaratively 
few  fallen  trees  and  snags  being  observed.  The  following  20  miles  the  river  runs 
through  a  low,  swampy  country  ;  numerous  cut-otts  occur,  dividing  and  withdrawing 
from  the  volume  of  the  main  stream,  which  becomes  tortuous,  shallow,  and  often  so 
tilled  with  snags  and  drift  as  to  be  impassable.  In  the  reUiaining  10  miles  but  few 
obstructions  of  any  kind  occur,  the  shoal  commencing  just  below  the  mouth  of 
Double  Bridge  Creek  and  extending  for  nearly  half  a  mile,  and  within  a  few  hundred 
feet  of  the  mouth  of  Pea  River,  being  the  most  extensive  and  formidable. 

The  following  is  an  estimate  of  the  cost  of  imjiroving  the  Choctawhatchee  River 
from  Newton  to  Pea  River  to  render  it  navigable  for  barges  and  small  steamboats  for 
«ix  months  of  the  year : 

For  the  construction  of  three  dams  and  locks  of  crib-work  for  over(M)ming 
the  shoals  and  falls  between  Newton  and  the  mouth  of  Choctawhatchee 

Creek,  at  $1.5,000  each ;|45,  OtX)  00 

For  removing  snags,  fall<Mi  trees,  and  ti.>h-traps  in  the  lirst  10  miles 3,000  00 

Ditto  next  !iO  miles 10.000  00 

Ditto  next  lOjuiles ; 2,000  00 

>snag-'.M)ar 7,000  00 

67, 000  00 
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WK)  linear  ft'et  dike,  at  $5 2,r.0(»  00 

WKI  liuenrfeet  brush  daui,  at  |3 1,500  00 

Dredj^iiij;  and  rertiticatiou  uf  channel 7,r»00  00 

78,500  00 

The  Hanie  remarks  in  regard  to  agricultural  productions  and  the  improvement  necen- 
sary  apply  to  this  river  as  to  the  Pea  River.  I  consider  the  construction  of  the  damn 
and  loc.'Ks  inadvisable  at  the  present  time.  There  are  from  1,500  to  *2,(KK)  bales  of 
cotton  Kold  annually  in  Newton,  which  would  probably  represent  the  amount  of  thia 
j>roduct  that  would  seek  transportation  down  the  Choctawhatehee  were  it  imi»roved. 
The  tiold  notes  give  in  detail  the  observations  made  in  the  examination. 
Very  respectfully,  your  obedient  servant, 

HiKAM  Hainf.8, 
Aneintant  Engineer. 
Hvt.  Miij.  A.  N.  Damkkll, 

CitpL,  Citrps  of  EnginetrK,  U.  S,  A. 


K  II. 
IMPROVEMENT  OF  ESCAMBIA  RIVER,  ALABAMA  AND  FLORIDA. 

^\u  examination  and  x>sirtial  survey  of  this  river  was  made  under 
authority  of  act  of  Congress  approved  June  18, 1878,  from  the  Alabama 
and  Florida  State  line  to  its  mouth. 

The  report  on  the  same  is  contained  in  Annual  Rei>ort  of  the  Chief  of 
Engineers  for  1879,  pp.  852  and  850. 

The  plan  adopted  for  the  improvement  was  to  dredge  a  channel  through 
the  bar  at  the  mouth  of  the  river,  150  feet  wide  and  5.}  feet  deep  at 
mean  low-water,  remove  the  snags  and  overhanging  trees  the  whole 
length  of  the  river,  and  construct  a  few  dams  and  wing-dams  where  the 
channel  is  divided  or  much  widened,  and  shore  protection  where  the 
banks  show  an  inclination  to  wash  and  cave. 

The  first  appropriation  for  this  work,  $8,000,  was  made  by  act  of  Con- 
gress approved  June  14,  1880. 

It  is  proposed  to  use  this  amount  in  the  dredging  mentioned  above 
by  contract,  if  reasonable  bids  can  be  obtained.  It  is  proposed  to  use 
the  amount  asked  for  in  continuing  dredging  and  carrying  on  the  other 
work  specified  in  the  i)lan.  The  work  would  not  be  ]>ermanent  in  its 
<'haracter,  but  would  require  more  or  leas  dredging  and  snagging  from 
year  to  year. 

The  commerce  to  be  benefited  is  confine^l  to  lumber,  about  5,0<K>,0<K> 
feet  of  which,  including  hewn  and  sawed,  are  annually  transported  down 
the  river. 

TliiH  work  is  situated  in  the  collection  district  of  Pensiicola,  Fla.,  and  Pensacola  in 
tlie  port  of  entry. 

An  appropriation  of  ^ITjOiK)  is  asked  for  fiscal  year  ending  June  30, 
1  ssi\ 

Money  statement. 

Amount  ai»jtropriat*Ml  bv  act  ajjproved  June  14,  Ice^ $H,  OUO  00 

July  1,  18C0,  amount  available e,00(»  00 

Amount  (estimated)  required  for  completion  of  existing  project 17,000  00 

Amount  tliat  can  be  protitably  expended  in  fiscal  year  ending  June  30,  lr*r2.  17,1KH»  00 
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K   12. 

IMPROVEMENT  OF  ALABAMA  RIVER,  ALABAMA. 

The  examination  and  partial  survey  of  this  river  was  provided  for  by 
a<it  of  Congress  approved  March  3,  1875.  It  was  made  during  the 
months  of  July  to  October,  1875. 

The  report  was  made  on  the  8th  of  March,  1870,  and  is  contained  iiv 
the  Annual  Report  of  the  Chief  of  Engineers  for  1876.  The  project 
adopted  was  to  obtain  a  channel  200  feet  wide  and  4  feet  deep  at  low- 
water. 

The  estunated  cost  was $229. 741 

The  appropriations  made  for  the  work  are  as  follows : 

By  act  of  Congress  approved  June  18,  1878.... $25,000 

By  act  of  Congress  approve<l  March 3, 1879 30,000 

By  act  of  Congress  approved  Jime  14,  l&H) 25, 000 

80. 009 

149,741 

Work  upon  this  improvement  was  commenced  in  the  fiscal  year  end- 
ing June  30, 1879. 

The  work  accomplished  during  that  year  was  the  closing  of  the  cut- 
off about  25  miles  above  the  mouth  by  a  brush  and  stone  dam,  which^ 
however,  was  not  quite  completed,  and  the  removal  of  320  snags,  clear- 
ing the  river  for  about  50  miles  from  its  mouth.  During  the  year 
ending  June  30,  1880,  the  dam  across  the  cut-off  was  completed.  Its 
length  is  1,125  feet  and  height  from  8  to  18  feet,  width  on  top  of  20 
feet ;  about  150  tons  of  stone,  obtained  60  miles  up  the  river,  were  used 
in  capping  the  central  iK)rtion.  A  wing-dam  350  feet  long  was  ex- 
tended from  the  dam  into  the  river  to  prevent  scour  along  its  base,  and 
also  to  concentrate  the  current  so  as  to  scour  out  a  channel  through  the 
bar  in  the  river  below.  The  dam  at  the  last  examination  was  reported 
tight,  and  5  feet  depth  at  low- water  on  the  bar  in  the  river  below.  At 
Ilaynes'  Island,  94  miles  higher  up,  20  miles  above  Claiborne,  3  chutea 
were  closed  by  brush  dams,  2  wing-dams  were  built,  and  all  snags  re- 
moved from  the  channel ;  2,482  linear  feet  of  dams  and  wing-dams 
were  required  at  this  point,  and  the  channel  was  deepened  by  them 
from  2 J  feet  to  4  feet  at  low- water.  At  Erwin's  Bar,  115  miles  above 
Mobile,  2,400  piles  were  collected ;  but  a  rise  in  the  river  prevented  the 
prosecution  of  the  work.  At  Hobbs'  Bar,  the  left-hand  chute  wan 
closed  by  a  stone  'lam  (pierre  perdue)  435  feet  long  and  6  feet  high. 
There  were  used  in  its  construction  600  cubic  yards  of  rock  and  800 
cubic  yards  of  gravel.  The  depth  of  the  bar  in  the  main  channel  was 
deepened  from  3  feet  to  4  feet.  At  Yellow  Jacket  Bar  the  right-hand 
chute  was  partially  closed,  600  cubic  yards  of  rock  being  placed  in  i)o- 
sition.  At  Gardner's  Island,  16  miles  above  Selma,  and  one  of  the 
worst  places  on  the  river,  snags  were  removed  and  mattresses  of  cane 
and  piles  were  collected  and  prepared  for  closing  the  left-hand  chute. 

Four  hundred  and  ninety  snags  were  removed  from  the  river  during 
the  season. 

,  From  December  7,  1879,  to  May  17,  ISSO,  work  was  stopped  on  the 
river  by  high- water,  during  which  time  the  boats  were  docked,  calked, 
repaired,  and  put  in  good  order. 
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The  following  table  shows  the  amount  and  character  of  work  accom- 
l)lishecl  from  the  commencement  to  the  end  of  the  fiscal  year  ending 
June30,  1S<S(): 


I     a        la 
1    «        \    '-* 
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*-  '-  ^      ,     'S3C 


*         -52       Mt 
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Below  rut-otr ' 5 

Cut-otr 70     I     1,740    2'5",  5'    
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Havm'H*  Inlauil 104    :    2,48-J  1 2' 5"  4'    

iravii«>»' to  Hobbs' 133 

Ho\>b» 202i  i I        435        3'        i  4'    

YellowJatkct  ...   203$    400        So" UntiuishfMl. 

Y«»llow  Jacket  to  Kairtoi-H 265    , , ; 198 

(faixliM^rs  ImIjiihI :i2u    ' ■■ 2    ' 125     UDfiniKhed. 


4,222  a^io »35 

It  18  proposed  to  use  the  funds  available  during  the  coming  fiscal 
year — 

Ist.  To  comi)lete  the  improvements  at  l^rwin's,  YeUow  Jacket,  and 
Gardnei-'s  Island. 

2d.  To  remove  snags  and  sunken  logs  from  the  channel  as  high  up  as 
Montgomeiy. 

3d.  To  survey  as  many  bars  as  opportunity  i)ermits.  (This  work  is 
quite  essential,  because  out  of  77  bars  reimrted  in  the  survey  of  1870 
as  requiring  other  work  than  snagging  only  7  were  surveyed  and 
mapped.) 

4th.  To  imjirove  such  bars  as  surveys  or  information  from  pilots  may 
indicate  as  being  most  troublesome  to  navigation.  The  stage  of  water 
in  the  river  from  time  to  time,  and  other  cinuimstances  that  cannot  be 
foreseen,  make  it  impracti(jable  to  particularize  more  definitely  a  scheme 
of  o])erations  for  the  ensuing  year. 

The  ap])ropriation  asked  for  for  the  fiscal  year  ending  rJune  30, 1862, 
it  is  proposed  to  expend  in  continuing  and  perfecting  the  work  of  im- 
l)rovement  on  the  plan  recommended  in  the  annual  report  for  1876  as  now 
partially  carried  out.  As  far  as  i)racticable,  it  is  designed  to  remove 
obstacles  and  imi)rove  bars  in  the  order  of  their  importance,  such  a 
course  being  most  acceptable  to  steamboatmen. 

The  amount  required  for  the  completion  of  the  work  as  designed,  ex- 
clusive of  former  ap]»ropriations  ($80,0(K)),  is  estimated  at  4150,000.  Of 
this  amount,  $00,000  (tan  be  profitably  used  during  the  fiscal  vear  ending 
June  30,  1882. 

The  work  when  comi)leted  will  not  be  iM»rinanent,  but  it  will  require 
yearly  removal  of  snags,  for  exe<'-utiiig  which  a  suitable  steamboat  work- 
ing five  mouths  in  each  year  at  an  annual  cost  of  $S,0DO,  will  probably 
be  sufHcient. 

The  results  effected  by  the  work  already  done  are,  increased  safety  to 
navigation  from  the  removal  of  dangerous  logs;  greater  regularity  with 
less  time  consumed  in  making  trips  during  low- water ;  the  boats  now  run 
all  night,  where  they  were  obliged  formerly  to  tie  ui»,  and  greater  loa^ls 
are  carried  in  constMiuence  of  deei)ening  the  water  over  the  worst  bars. 
Between  the  cut-off  and  the  m<mth — 20  miles— the  peojde  were  deprived 
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of  river  facilities  during  low-water,  as  the  boats  were  then  compelled  to 
pass  through  the  cut-off  into  the  Tombigbee.  Now  that  part  of  the  river 
is  navigable  at  all  times,  and  the  serious  inconvenience  heretofore  expe- 
rienced by  the  planters  there,  from  their  interrupted  communications, 
has  been  done  away  with.  The  completion  of  this  work  will  greatly 
extend  and  add  to  the  benefits  already  felt  from  its  prosecution. 

The  increase  in  the  business  that  w^U  result  cannot  be  definitely  stated, 
but  on  general  principles  it  is  evident  that  when  the  Alabama  with  a 
low-wat^r  volume  exceeding  that  of  the  Ohio,  shall  be  opened  to  safe 
and  uninterrupted  navigation,  the  augmented  facilities  for  transporta- 
tion, with  its  lessened  cost,  w  ill  greatly  stimulate  both  traffic  and  travel 
on  the  river.  New  branches  of  trade  and  diversified  agricultural  pur- 
suits will  be  encouraged,  and  when  the  improvements  now  in  progress 
on  the  Coosa  are  completed  the  minei^al  resources  of  that  region  will  be 
largely  developed  in  consequence  of  the  cheap  and  easy  outlet  afforded 
by  the  improved  Alabama.  Forty-six  thousand  seven  hundred  and 
twenty-three  bales  of  cotton  and  other  merchandise  of  equal  value  were 
transported  up  and  down  the  river  during  the  year. 

The  work  is  situated  in  the  collection  district  of  Mobile,  and  commences  50  miles 
above  that  port  of  entry. 
The  amount  of  revenue  collected  at  Mobile  during  the  i)ast  tiscal  year  was  iii63,04r>.09. 

Money  statement, 

July  1,  1879,  amount  available $:W,312,32 

Amount  appropriated  by  act  approved  June  14,  1880 '25, 000  00 

#58, 312  32 

July  1,  1H80,  amount  expended  durinjj  fiscal  year 17,770  08 

July  1,  1880,  amount  available 40,542  24 

Amount  (estimaU'd)  required  for  completion  of  existin«j  jiroject 149, 741  00 

Amount  that  can  be  i)rotitably  exjicndcd  in  fiscal  year  ending  J  iiiie  30, 1882.     80, 000  00 


K13. 

IMPROVEMENT  OF  WAKKIOR  AND  TOMBIGBEE  RIVERS,  ALABAMA   AND 

MISSISSIPPI. 

I. — BLACK  WARRIOR  RIVER. 

The  survey  of  this  river  was  made,  in  compliance  with  provisions  of 
the  river  and  harbor  act  of  June  23,  1874,  from  its  mouth  to  Locust 
Fork,  from  August  to  November,  1874.  The  report  upon  it  was  submit- 
ted January  27, 1875,  and  forms  a  part  of  the  Annual  Report  of  the  Chief 
of  Engineers  for  that  year. 

The  project  adopted  was  to  so  improve  the  river  as  to  give  a  channel, 
80  feet  wide  and  4  feet  deep  at  low-water,  from  the  mouth  up  to  Tusca- 
loosa, Ala.,  by  the  removal  of  snags,  overhanging  trees,  and  deei^ening 
bars  by  the  construction  of  dams,  wing-dams,  dredging,  and  blasting; 
the  estimated  cost  of  which  was  $151,103. 

Work  was  commenced  on  this  improvement  in  July,  1875,  and  was 
continued  during  low- water  until  September,  lS79,  under  the  following 
appropriations : 

By  act  of  March  3,  1875,  $25,000  for  the  Black  Warrior  below  Tuscaloosa,  and  Tom- 
])igbee  below  Demopolis. 

By  act  of  August  14,  1876,  $15,000  for  the  iniproveiueut  of  the  Warrior  and  Tom- 
bigbee. 
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By  »«t  of  Jmif  IH,  1^578.  $40,000,  $:«,WK»  on  the  Warrior  aud  Tombigbee,  $12,000 
«>ii  Toiiibi;(be«  alMive  Coliimbos,  Miss. 

Xy  iwt  of  Maiith  3,  1879,  $30,000,  of  which  sum  |tO,000  shall  be  expended  on  the 
T(»iiibi|(lMM)  abovo  ColiiiiibuH,  aud  $20,000  on  the  Warrior  aud  Tombigbee  oelow  Colum- 

bllM     ^llHH 

\\y  act  <»f  .luno  14, 1H80,  $47,000,  of  which  $20,000 shall  be  expended  on  the  Warrior, 
i|il2.(HM)  on  tlie  Tonibij^lH^e  between  ColumbuM  and  Vienna,  and  $15,000  on  Totnbig- 
iuH*  lie  low  Vic  nun. 

Of  thiH  Hinoniit  $102,213.04  h»8  l>een  expended  on  tbe  Warrior  below 
TiiMnil<N)H>i,  and  tlie  Tombigbee  from  Colambus  to  the  montb. 

Tin*  work  done  up  to  June  30, 1879,  on  the  Warrior  below  Tuncaloosa 
in  UH  lollowH : 

Siiiiibcr  of  bjirH  improved  to  the  projected  depth  and  width  30  (fonner  depth  from 
U  tnV4  feci). 

N'liiiibcr  of  biii'H  improved  but  ticeding  additional  work  to  remove  shoals  found  be- 
b>\\,  H  (former  depth  lA  to  2.)  feet,  present  depth  2^  feet). 

Niiiiibfirof  UygH  removed,  :1.1U1. 

Number  of  trecH  cut,  2,925. 

Liiieiir  feet  (»f  diiiUH  aud  wiufj^-dauiH  built,  10,077. 

Linear  feet  of  lmul<  protection.  l,2t'l. 

T\w,  h(mt/N  and  outfit  built  and  purchased  have  absorbed  the  remain- 
iU*v  of  the  amount  exj^ended.  No  work  was  done  on  this  improvement 
dunin^  the  hist  fiscal  year,  for  the  reason  that  complaints  having 
bmi  nuuh»  that  all  the  funds  were  being  expended  on  the  Warrior 
below  Tuscaloosa,  and  Tombij»:bee  below  Colund)us  (which,  however,  the 
4ippropnatlons  u])  to  that  time  apparently  imj>lied  as  the  locality  for 
the  work  lU'ovided  for),  by  authority  of  "the  Chief  of  Engineers  the 
working  force  was  transferi*ed  from  the  Warrior  to  the  Tombigbee,  and 
tin*  balance  of  the  funds  retained  to  equalize  as  far  as  possible  the  ex- 
penditures on  both  rivers.  • 

The  improvement  already  etfected  luis  given  4  feet  depth  of  water  on  i 
many  bars  formefi'ly  impass^ible  at  low-water,  and  estiiblished  the  fact 
that  this  depth  can  be  secured  up  to  Tuscaloosa. 

The  bars  on  the  lower  part  of  the  river  not  yet  having  been  improved, 
prevents  the  full  benefit  from  the  improvement  above,  and  gives  only  2^ 
feet  as  the  low-water  de])th  throughout.  This  allows  boats  to  run  through 
to  Tuscaloosa  on  a  2-foot  rise,  wlien  formerly  they  were  stopped  at  Log 
Shoals,  70  miles  below.  Light-draught  boats  also  make  trips  to  Candy's 
Landing,  25  miles  above  Demopolis,  at  all  times,  which  was  formerly 
impracticable. 

The  actual  working  time  on  this  river  was  eighteen  months. 

To  complete  Hut  improvi^mentwill  re<iuire  more  or  less  work  on  about 
TjO  bars,  slight  alteration  and  repairs  to  work  already  done,  and  the  clear- 
ing of  the  river,  its  full  length,  of  snags  and  overhanging  trees  which 
hav(»,  accumulated  since  the  work  wa«  su8j)ended. 

The  work  done  upon  this  river  Avill  need  annual  revision.  Slides  are 
of  quite  common  occurrence,  which  throw  trees  into  the  river  and  form 
obstructions.  From  two  to  three  months'  work  of  a  steam  snag-boat  will 
be  re<iuired  every  year  to  keeji  the  channel  clear  and  the  work  in  efficient 
eon<lition.  An  averag(»,  annual  expenditure  of  ><3,()00  will  doubtless  l)e 
sufficient  for  this  i)urpose. 

When  the  imiu'ovement  is  finished  and  navigation  to  Tuscaloosa  made 
easy  througlnmt  the  yeai^the  immediat<^  result  will  be  an  annual  saving 
in  cotton  transportation,  during  the  months  of  Sei)tember,  October,  and 
November,  of  J3<1.5(»  per  bah*  on  about  15.(M)0  bales,  amounting  to  $22,500. 
The  saving  on  return  freights  will  raise  this  amount  to  over$3tMMM>.  At 
present,  during  the  above-named  months,  rail  transportation  monopo- 
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lizes  the  business,  with  a  charge  of  $2.50  per  bale.  MTien  the  business 
is  competed  for  by  both  rail  and  river  the  rates  are  reduced  to  $1  per 
bale,  and  often  less.  The  main  increase  in  business  that  will  result  from 
the  completion  of  the  Warrior  Eiver  improvement  will  be  in  the  trans- 
l)ortation  of  coal  from  Tuscaloosa,  which,  with  navigation  made  practi- 
cable for  barges,  will  undoubtedly  become  extensive  and  of  great  im- 
Iiortance. 

It  is  proposed  to  use  the  funds  available  for  exi)enditure  during  the 
:fiscal  year  ending  June  30,  1881,  in  thoroughly  cleaning  the  river  of  logs  • 
l)elow  Tuscaloosa,  in  improving  the  shallowest  bars  from  Demopolis  to 
Ea«tport,  a  distance  of  50  miles,  and  in  proWding  the  outfit  needed  for 
this  work. 

The  appropriation  asked  for  for  the  fiscal  year  ending  fJune  30, 1882, 
would  probably  be  spent  in  continuing  the  improvement  below  Eastport, 
and  in  finishing  the  improvement  above  Finch's  Ferry. 

Number  of  bales  of  cotton  transported  down  this  river  during  fiiscal 
year  ending  June  30,  1880,  15,415. 

This  work  is  Bituated  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  the 
port  of  entry. 

Revenue  collected  during  fiscal  year  ending  June  JO,  18^0,  $(53,946.09. 

II. — TOMBIGBBE  UIVEK. 

The  examination  of  this  river,  which  was  provided  for  by  act  of  July 
11,  1870,  was  made  December,  1870,  to  March,  1871,  from  Columbus, 
MIbs.,  to  it«  mouth.  The  report  being  unfavorable  and  unsatisfactory, 
a  re-examination,  from  Jones's  Bluff,  49  miles  above  Demopolis,  to  the 
lower  end,  was  made  soon  after,  in  connection  with  other  works,  and  re- 
I)orted  upon  April  17,  1871. 

The  project  was  adoptefl  in  1871,  and  contemplated  the  removal  of 
Huags  at  Slater's  Eocks,  lo2  miles  above  Mobile,  and  at  Ten-Mile  Shoals, 
about  10  miles  below  Columbus,  Miss.  The  removal  of  a  Avreck  at  Perry's 
Landing,  dredging  through  the  shoals  at  same,  127  miles,  and  at  Osage 
Bar,  155  miles  above  Mobile,  widening  the  channel  at  McGrews'  Shoal, 
122  miles  above  Mobile,  and  reconstructing  the  wing-dams  at  Pearson's 
Shoal,  213  miles  aljove  Mobile.    The  estimated  cost  was  $21,500. 

The  first  appropriation  was  made  by  act  of  June  10,  1872,  $10,000  in 
amount.  Work  was  commenced  in  August,  1872,  at  a  point  102  miles 
above  Mobile,  and  continued  until  the  18th  of  December,  when  a  rise  in 
the  river  compelled  a  suspension  of  operations.  At  a  point  214  miles 
above  Mobile  250  snags  were  removed  from  the  portion  of  the  river 
improved,  at  a  total  cost,  for  snag-boat,  outfit,  supplies,  and  labor,  of 

The  act  of  March  3,  1873,  directed  that  the  amount  appropriated  by 
the  former  act  should  be  expended  in  the  State  of  Mississippi.  The 
w^ork  was  then  transferred  to  the  charge  of  Major  McFarland,  Corps  of 
Engineers,  U.  S.  A.  The  balance  of  the  appropriation,  84,607.05,  was 
expended  by  that  officer  in  1873,  1874,  in  improving  that  portion  of  tlio 
river  between  Aberdeen  and  Bar's  Ferry  above,  by  the  removal  of 
snags,  drift,  and  overhanging  trees. 

By  act  of  March,  1875,  $25,000  was  appropriated  for  the  improvement 
of  the  Tombigbee  below  Demopolis  and  the  Black  Warrior  below  Tusca- 
loosa jointly.  By  act  ai)])rove(l  August  14,  1870,  $15,000  was  apj^ropri- 
ated  for  the  Warrior  and  Tombigbee  together.  By  act  of  June,  18, 1878, 
$40,000  was  appropriated  for  the  Warrior  and  Tombigbee.  The  act  of 
March  3,  1879,  appropriated  $30,000,  and  specified  that  $10,000  should 
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be  expeuded  above  Columbus  and  $20,000  ou  the  Warrior  and  Tombi^- 
bee  below  CoUimbus.  The  act  of  June  14,  1S80,  appropriated  $47,000, 
of  wliich  $20,000  was  to  V>e  expended  on  the  WaiTior,  $12,000  on  tie 
Tonibifrbee  between  Cohimbus  and  Vienna,  and  $15,000  on  the  Tombig- 
bee  below  Vienna.  Under  these  appropriations  work  was  resumed  on 
the  Tonibigbee  in  Sei)tember,  1S78,  and  has  been  continued  to  the  end 
of  the  fiscal  year  ending  June  .'50, 1S80,  during  low-water,  a  total  aiCtaal 
working  time  of  ten  months.  During  the  progress  of  the  work  it  wa^ 
ascertained  that  it  was  possible  to  make  a  much  greater  improvement 
of  this  river  than  was  originally  supposed  or  projwsed,  and  the  first 
project  was  modified  in  1S70,  the  object  of  the  modified  project  being  to 
afford  a  channel  of  navigable  width,  and  not  less  than  4  feet  depth, 
from  the  mouth  to  Demopolis,  and  not  less  than  3  feet  depth  from  De- 
mopolis  to  Columbus,  at  an  estimated  cost  of  $170,000. 

During  the  year  ending  June  30,  1879,  Turkey  Shoal  was  improved, 
by  scraping  and  the  construction  of  wing-dams,  so  as  to  give  nearly  4 
feet  where  there  was  formerly  IS  inches  of  water.  Barney's,  SellarK^s, 
and  Osage  bars  were  deepened  from  2  feet  to  4  leet,  and  works  for 
deepening  Hatcheetigboe  completed.  Three  thousand  three  hundred 
and  five  linear  feet  of  wing-dams  were  built  in  these  works,  and  911 
logs  were  remove<l. 

During  the  year  ending  June  30,  ISSO,  w<nk  was  commenced,  July  7, 
1870,  at  Peavey's;  but,  owing  to  complaints  that  a  dis]>ropoitionate 
amount  of  the  apju'opriations  was  being  expended  below  Demopolia,  it 
was  determined  to  commence  work  above.  A  steamboat  was  charteretl 
for  use  as  a  tow-boat  and  tmnsport,  and  on  the  7th  the  boat«  left 
Peavey-s.  On  the  way  up  the  river  a  fiaw  in  the  boiler  was  discovered, 
and  the  boat  having  proved  otherwise  unsatisfactory,  she  was  sent  back 
to  Mobile  and  exchanged  for  another.  This  caused  delay,  and  it  was 
not  until  the  19th  that  the  fieet  reached  the  mouth  of  the  Wtirrior,  1 
mile  above  Demopolis.  At  this  point  work  was  commenced,  and  carried 
on  up  stream  for  20  miles,  ten  bars  being  surveyed  and  improved  in  that 
distance.  This  portion  of  the  river  was  found  to  be  very  shallow,  the 
bars  affording  in  some  cases  only  1 J  foot  of  water,  and  the  intervals  be- 
tween bars  generally  not  exceeding  4  to  6  feet  in  (lepth.  These  shallow 
reaches  made  it  necessary  in  some  <jases  to  extend  parallel  jetties  con- 
siderably below  the  oiiginal  bar  in  order  to  dissipate  the  material 
scoured  out  over  a  larger  space,  and  thus  prevent  the  formation  of  run- 
bars.  Another  foi-ce  wa«  organized  at  Columbus,  and  commenced  work 
August  2(>,  1879,  at  Curtis  Island,  a  short  distance  below  Columbus,  and 
moved  down  the  river  to  "Ten-Mile  Shoals,"  partially  improving  that 
portion  of  the  river. 

On  the  23d  of  November  work  was  suspended  on  account  of  high- 
water.  The  log-boat  was  sent  to  Mobile  for  repairs  and  to  be  laid  np 
for  the  Avinter.  The  other  boats — i)art  of  the  original  outfit,  built  at 
Tuscaloosa  in  1875,  at  light  cost,  for  temporary  use — had  become  com- 
pletely unserviceable.  Being  much  decayed,  they  could  not  be  caulked, 
and  had  of  late  been  kept  afioat  with  some  difficulty.  As  they  cx>uld 
neither  be  stored  up  the  river  nor  sent  to  Mobile,  they  were,  with  one 
exception,  tilled  with  rock  and  utilized  in  jetties  at  Black  Snake.  One, 
the  best  of  the  lot,  wjis  started  for  Mobile  with  the  log- boat;  but  it 
sunk  during  the  first  night,  and  was  abandoned. 

On  the  Ist  of  May  the  log-boat  and  a  new  barge  were  taken  in  tow  at 
Mobile  to  be  moved  up  to  Ten-Mile  Shoals,  20  miles  below  Columbus, 
Miss.    This  place  was  reached  on  the  11th,  and  work  commenced  on  the 
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next  day.    Some  days  afterwards  a  small  quarter-boat  arrived  from 
Aberdeen,  and  by  the  end  of  the  month  a  full  force  was  organized. 

At  Ten-Mile  Shoals  (so  called  from  their  length)  the  river  meanders 
between  low  alluvial  banks  of  light  sandy  soil  that  yields  readily  to  the 
action  of  the  current.  Every  bend  is  a  caving  bank,  with  a  gravel  bar 
opposite.  As  the  banks  recede,  throwing  their  timber  into  the  stream^ 
the  gravel  bars  advance,  covering  up  the  fallen  trees,  so  that  the  river- 
bed, from  bank  to  bar,  is  choked  with  logs.  Navigation  at  low- water  is, 
of  course,  impossible,  and  boats  seldom  attempt  it  on  less  than  a  6-foot 
sta^e.  Shoals  appear  at  intervals,  aflPording  only  14  to  18  inches  of 
water.  These  occur  at  the  "  crossings ; "  that  is,  where  the  current  crosses 
over  from  bend  to  bend.  In  bends  the  water  is  deep,  often  as  much  as 
20  feet.  The  improvement  needed  is  to  remove  the  logs,  deepen  the 
shoals,  and  protect  the  caNniug  banks  to  make  them  permanent.  To  ac- 
complish this  last  result  the  plan  adopted  is  to  build  spurs  of  brush  and 
gravel,  secured  between  rows  of  small  piles,  from  the  top  of  the  bank 
sloping  down  to  the  water  and  extending  into  it  10  or  15  feet.  It  is  gen- 
erally possible  to  select,  as  the  terminus  of  the  spur,  a  large  root  of  a 
tree  lately  fallen,  the  trunk  of  which  lies  parallel  with  the  bank.  The 
logs  removed  from  the  channel  are  placed  along  the  bank  below  the 
spurs,  with  the  expectation  that  a  deposit  will  take  place  in  the  eddies 
caused  by  the  spurs,  and  in  time  cover  the  logs.  When  a  rise  in  the 
river  occurs,  the  banks,  which  are  only  8  to  12  feet  above  low- water,  are 
soon  overflowed,  and  the  current  sweeps  through  the  swamps,  being  al- 
most destroyed  in  the  channel.  Hence,  it  is  reasonable  to  suppose  that 
the  spurs  will  prove  eftective.  Up  to  this  time  nearly  1  mile  at  the 
lower  end  of  Ten-Mile  Shoals  has  been  improved  according  to  the  plan 
above  described. 

The  funds  available  during  the  fiscal  year  ending  June  30, 1881,  should 
be  used  in  completing  the  improvement  of  Ten-Mile  Shoals,  and  in  con- 
nection with  the  funds  available  for  the  Warrior,  in  building  a  steam 
snag  and  tow  boat  for  the  joint  use  of  the  Warrior  and  Tombigbee. 

The  appropriations  asked  for,  for  the  fiscal  year  ending  June  30, 1882, 
should  be  applied  to  the  completion  of  the  improvement  between  Co- 
lumbus and  Demopolis,  and  to  the  revision  and  extension  of  the  improve- 
ment below  Demopolis. 

This  improvement,  like  that  of  the  Warrior,  and  for  the  same  reasons, 
will  need  annual  revision  after  completion ;  $5,000  will  be  a  sufficient  an- 
nual appropriation  for  this  purpose.  Should  a  steam  snag-boat  be  built 
for  joint  use  of  the  improvements  on  these  rivers,  she  can  be  utilized 
after  the  completion  of  the  work  in  maintaining  its  efficiency. 

The  work  thus  far  executed  on  the  Tombigbee  improvement  has 
greatly  lessened  the  dangers  of  navigation  below  Jackson,  and  has  ex- 
tended low-water  navigation,  for  light-draught  boats,  100  miles. 

The  completion  of  the  improvement,  as  contemplated,  will  give  an 
uninterrupted  water  communication  irom  Mobile  to  Columbus,  Miss.,  a 
distance  of  416  miles.  From  60,000  to  70,000  bales  of  cotton  are  now 
annually  taken  down  this  river  during  the  winter  season. 

With  navigation  open  all  the  time,  this  amount  will  be  much  increased, 
and  genera]  traffic  and  travel  greatly  stimulated.  No  definite  data  are 
accessible  on  which  to  base  a  close  estimate  of  the  amount  of  business 
to  be  anticipated  with  an  improved  river.  One  result,  however,  can  be 
confidently  predicted.  When  a  continuously  o])en  river  shall  be  main- 
tained throughout  the  year,  the  competition  between  railroads  and  steam- 
boats that  prevails  now  only  in  the  winter  and  spring,  the  saving  to  the 

()0k 
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commanity  on  a  year's  busineas,  id  tlie  cost  of  transportatioii  of  oottoik 
aloiie,  maatexceed  tlOO,000. 

The  foUowiag  tablen  present  a  detailed  statement  of  Qib  wortc  done 
and  its  results: 


Hotoheetigbw  .. 

Onm 

S^lK'a 


Mootb  of  WanioT... 


TbcSooka 

BMTTMlaluid.. 

AtTfauctod'B 

E*BiitedPoiiit... 


Ktrkpktrlck'i 
UpBOomb'iGIi 
Kaok  Bnake  .. 


Berore  work.    :     Aft«r  work, 
iuvpth.  Width.  Depth.   Width. 


HuddlHUin's  Shoala  (pjfotj  of  ifKter,  ti«ea  I 

—  dlocf^  thri  onlv  in"~"""' " 

pr'i^hm  ■    ■  '     ■ 


IS 


Bntler'i^hcHla  (pleatv  oT  mt 
lofn  the  only  Impeduneut) . . . 

Hiinifinn'ii  (/hiito. 

Tcn-Mllo  ShnRlj 


Money  statement. 


July  t,  1880,  smonnt  eipendod  during  fiscal  year 82, 

July  1,  1880,  amount  DTailable M, 

Amonut  (estimated}  reqniied  for  completion  of  existing  pcQJect 203, 

Amount  thatcanbeprcAtablTezpeiiued  in  fi«cal  year  ending  Jane  30,  188S: 

For  Warrior  BivM $50,000  00 

For  Tombifjbee  Biver 60.000  00 


786  96 

000  00 
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Kx4. 

IMPROVEMENT  OF  TOMBIGBEE  RIVER,  ABOVE.  COLUMBUS,  MISSISSIPPI. 

The  survey  of  the  Tombigbee  Eiver,  between  Fulton  and  Columbus, 
Miss.,  was  completed  in  1873,  under  direction  of  Maj.  W.  McParland, 
Corps  of  Engineers.  In  his  report  (see  Report  of  Chief  of  Engineers, 
1873,  page  648),  he  recommends  the  improvement  of  the  river  for  high- 
water  navigation  by  the  removal  of  snags,  logs,  overhanging  trees,  &c., 
and  estimates  the  cost  at  $35,000.  The  amount  of  $10,000  was  appro- 
priated by  act  of  Congress  approved  March  3, 1873,  for  the  improvement 
of  the  Tombigbee  River,  of  which  the  sum  of  $4,667.05  was  exi)ended 
above  Columbus.  The  balance  was  used  for  the  lower  part  of  the  river. 
By  act  of  Congress  approved  June  18, 1878,  an  appropriation  of  $12,000 
was  made  for  this  portion  of  the  river,  and  the  work  assigned  to  me. 
In  the  early  part  of  September  necessary  preparations  were  made  for 
the  speedy  prosecution  of  the  work.  A  light-draught  flat-boat,  for  the 
transportation  of  tools  and  provisions,  with  quarters  for  superintendent, 
was  built,  and  work  commenced  at  Aberdeen,  Miss.,  on  September  20, 
1878,  with  a  force  of  colored  laborers,  who  were  furnished  with  tents  for 
quarters,  which  could  be  moved  down  the  river  as  the  work  advanced. 
Operations  were  carried  on  steadily  until  the  latter  part  of  November, 
when,  on  reaching  Tatum's  Landing,  34  miles  below  Aberdeen,  work  had 
to  be  suspended  on  account  of  heavy  rains  and  corresponding  rise  in  the 
river,  and  after  safely  storing  all  the  pubhc  property  the  force  was  dis- 
charged. It  was  confidently  expected  that  the  improvement  would  be 
'carried  as  far  as  Columbus  before  the  close  of  operations,  but  the  unu- 
sually early  rise  in  the  river  prevented  the  completion  of  the  work  con- 
templated. 

About  the  middle  of  May,  1879,  the  river  commenced  falling  rapidly, 
and  preparations  were  at  once  made  for  the  resumption  of  operations. 
On  the  26th  of  May  work  was  recommenced  at  Tatum's  Landing,  and 
continued,  with  only  slight  interruption  by  rain,  to  the  close  of  the 
year,  when  Waverly,  about  11  miles  north  of  Columbus,  was  reached. 
Between  this  point  and  Aberdeen  the  river  was  cleared  of  all  overhang- 
ing trees,  drift  logs,  and  snags,  down  to  low- water  mark,  giving  a  clear 
channel  for  high- water  navigation. 

Under  an  appropriation  of  $10,000  made  by  act  of  Congress  approved 
March  3, 1879,  work  on  this  improvement  was  resumed  at  Aberdeen, 
Miss.,  in  August,  1879,  clearing  the  river  from  this  point  northwards, 
while  at  the  same  time  another  force  was  engaged  at  Fulton,  Miss.,  to 
work  south  from  that  point.  On  account  of  high  water,  operations  had 
to  be  suspended  in  December,  1879,  and  could  not  be  resumed  until  the 
latter  part  of  May,  1880,  when  both  forces  combined  commenced  clear- 
ing the  river  from  Cotton-Gin  Port  northward,  and  reached  as  far  as 
Le  Grone's  Field,  a  distance  of  30  miles.  Although  the  improvement 
is  only  partially  completed,  light-draught  steamers  were  enabled  to  run 
up  to  Pulton  and  carry  over  2,000  bales  of  cotton  down  the  river  during 
the  high-water  season. 

By  act  of  Congress  approved  June  14, 1880,  an  alppropriation  of  $4,000 
was  made  for  this  improvement,  and  it  is  proposed  to  expend  this  amount 
and  fiinds  now  available  during  next  fiscal  year  in  completing  the  im- 
provement as  far  as  Fulton,  Miss.,  by  cutting  of  overhanging  trees  and 
the  removal  of  snags  and  logs  to  complete  a  high-water  channel  from 
Columbus  to  Fulton. 
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The  appropriation  asked  for  the  fiscal  year  ending  Jnne  30, 1882,  is 
l)ropo8ed  to  be  expended  in  preserving  the  improvement  accomplished. 
It  is  estimated  that  a  yearly  appropriation  of  $2,000  will  be  required  to 
keep  this  section  of  the  Tombigbee  River  in  na\igable  condition. 

Before  the  commencement  of  this  improvement  all  cotton  and  other 
produce  had  to  be  hauled  about  20  miles  to  the  railroad  and  pay  high 
rates  of  freight.  As  soon  as  the  river  is  made  navigable  cheap  freights 
"will  increase  the  trade  and  tend  to  induce  farmers  to  settle  in  this  sec- 
tion of  the  country. 

The  original  estimated  cost  of  the  work  under  existing  project  is  $35,000. 
Total  amount  appropriated,  $30,667.05. 

An  appropriation  of  $2,000  is  asked  for  the  fiscal  year  ending  June 
30,  1882,  for  the  preservation  of  the  improvement. 

This  work  is  situated  m  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  the 
port  of  entry. 

Money  statement. 

July  1,  1H79,  amount  available $19,148  95 

Amount  appropriated  by  act  approved  June  14,  ItiSO 4, 000  00 

123, 148  95 

July  I,  1880,  amount  expended  during  fiscal  year 8, 072  22 

July  1,  1880,  amount  available 15, 076  73 

Amount  that  can  Uc  profitably  expended  in  fiscal  year  ending  June  30, 1882.      2, 000  00 


K  15. 

IMPROVEMENT  OF  NOXUBEE  RIVER,  MISSISSIPPI. 

This  examiuation  of  this  river  was  provided  for  by  an  act  of  Congress 
ai)proved  March  3,  1870.  It  was  made  from  the  mouth  to  Macon,  Miss. 
The  report  upon  it  was  made  March  6,  1880. 

J  he  plan  adopted  for  it  is  to  remove  such  overhanging  trees  and  other 
obstructions  on  the  portion  of  the  river  above  mentioned  as  to  give  a 
navigable  chaunel  duriug  about  nine  months  of  the  year. 

The  first  appropriation  for  this  work  ($12,000)  was  made  by  act  of 
Congress  approved  June  14, 1880.  It  is  proposed  to  expend  this  amount 
in  removing  snags  and  overhanging  trees  as  far  as  possible  with  the 
means  to  give  a  navigable  channel  between  Macon  and  the  mouth  of  the 
river  during  about  nine  months  of  the  year,  or  whilst  the  river  is  a  little 
above  the  lowest  stage.  It  is  proposed  to  apply  the  appropriation  asked 
for  in  continuing  the  work  according  to  the  plan  specified.  The  work 
would  not  be  i)ermauent,  but  a  small  amount  each  year  would  be  re- 
quired to  keep  the  channel  clear  of  snags  and  leaning  trees. 

The  benefit  to  be  derived  from  the  improvement  is  the  sa\ing  in  freight 
on  cotton  and  other  produce,  and  snp])lies  of  planters  along  the  river, 
the  greater  part  of  whom  are  now  obliged  to  haul  them  a  distance  of 
about  15  miles  to  stations  on  the  Mobile  and  Ohio  Railroad,  over  heavy 
prairie  roads,  and  then  pay  much  higher  freights  than  they  would  have 
to  with  an  open  river. 

The  amount  ot  the  commerce  is  estimated  at  about  15,000  or  16,000 
bales  of  cotton,  and  about  an  equal  value  of  other  products  and  retam 
supplies.  This  may  be  considerably  increased.  The  improvement  of  the 
river  will  in  the  future  possibly  furnish  the  means  for. supplying  cheap 
fuel  from  the  Sipsey  coal-fields  to  the  inhabitants  of  this  section. 
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An  appropriation  of  $25,000  is  asked  for  fiscal  year  ending  June  30, 

1882. 

This  work  is  sitnatod  in  the  collection  district  of  Mobile,  Ala.,  and  Mobile  is  the  port 
of  entry. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 |il2, 000  00 

July  1,  1880,  amount  available 12,000  OO 

Amount  (estimated)  required  for  completion  of  existing  project 53, 245  25 

Amount  that  can  be  profitably  expended  in  fiscal  year  cuding  June  30, 1882.    25, 000  00 


examination  of  noxubee  river,  mississippi. 

Office  of  United  States  Engineer, 

MoMUy  Ala.y  March  6, 1880. 

Sir  :  I  have  the  honor  to  submit  the  following  report  on  the  examina- 
tion of  Noxubee  River,  Mississippi,  authorized  by  act  of  Congress  ap- 
proved March  3, 1879,  and  assigned  to  me  by  letter  dated  April  25, 1879. 

This  examination  was  commenced  at  Macon,  Miss.,  which  is  considered 
the  head  of  navigation,  although  boats  have  run  higher  up  the  river,  as 
two  low  bridges,  without  draws,  cross  the  river  at  this  point.  GDhe  distance 
from  Macon  to  the  mouth  is  69  miles. 

With  the  exception  of  a  few  shoals,  the  principal  obstructions  to  the 
navigation  of  the  river  are  snags,  drift-logs,  fish-traps,  and  overhanging 
treejs.  The  shoals  are  formed  of  white  lime  rock,  easily  excavated  and 
removed.  The  improvement  of  the  river  is  practicable  and  compara- 
tively inexpensive. 

The  direct  benefits  to  be  derived  from  the  improvement  would  be,  better 
facilities  and  reduced  freight  rates  for  the  transportation  of  the  produce 
of  the  country  lying  near  the  river,  consisting  chiefly  of  cotton  and  com, 
both  of  which  are  raised  in  large  quantities ;  and  the  prairie  belt,  through 
which  the  river  runs,  could  be  supplied  with  coal  at  a  reasonable  cost, 
fdel  being  scarce  and  expensive  in  that  section  of  the  country. 

It  is  estimated  that  it  would  require  about  $65,245.25  for  such  an  im- 
provement as  would  enable  light-draught  steamboats  to  navigate  the  river 
about  nine  months  in  the  year,  and  if  the  work  is  undertaken  an  appro- 
priation of  $50,000  is  recommended. 

With  the  river  improved,  the  shipment  down  would  amount  to  10,0()0 
bales  of  cotton,  and  up,  of  general  merchandise,  of  nearly  equal  value 
annually. 

The  report  and  tracing  of  map  prepared  by  Mr.  J.  P.  Fresenius,  the 
assistant  engineer,  who  conducted  the  examination,  are  transmitted  here- 
with, to  which  I  would  respecfully  refer  for  more  detailed  information. 
Yery  respectfully,  your  obedient  servant, 

A.  N.  Damrell, 

Captain  of  Engineers. 

The  Chief  op  Engineers,  TJ.  S.  A. 


REPORT  OF  MR.  J.   P.  FRESENIUS,   ASSISTANT  ENGINEER. 

Mobile,  Ala.,  February  21,  1880. 

Major  :  I  have  the  honor  to  snbmlt  herewith  my  report  on  the  examination  of  the 
Noxubee  River,  undertaken  in  accordance  with  your  instructions. 

On  completion  of  the  examination  of  the  Sipsey  River,  I  engaged  transportation  at 
Vienna,  Ala.,  for  the  boats  and  camp  equipage  to  Macon,  Miss.,  a  distance  of  38  miles, 
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hiaving  the  former  place  November  20, 1879,  and  arriving  at  the  latter  on  the  evening 
of  the  2l8t. 

Macon,  the  county  seat  of  Noxubee  County,  is  situated  directly  on  the  Noxabee 
River,  has  a  population  of  between  2,500  and  ;},000,  and  being  surrounded  bj'-  a  most 
fertile,  rich,  and  productive  ])rairie  country,  is  one  of  the  most  enterprising  and  flonr- 
inhiug  towns  of  East  Mississippi.  Not  (mly  are  the  citizens  of  Macon,  but  also  the 
whole  community  living  near  and  adjacent  to  the  Noxubee  River,  deeply  interested  in 
the  project  of  making  the  river  navigable,  and  I  deem  it  proper  to  state  here  that  on 
my  arrival  at  Maeon  I  found  a  universal  desire  on  the  part  of  the  community  to  aid 
and  assist  the  undertaking  of  making  the  Noxubee  River  navigable,  as  far  as  practi- 
cable, for  at  least  a  great  portion  of  the  year,  and  I  have  no  doubt  that  should  work 
actually  be  commenced  the  government  will  receive  al)  the  aid  that  can  be  reasonably 
expected  from  the  population  living  near  the  river. 

Some  thirty  years  ago  the  Noxubee  River  wa«  navigated  by  small  light-draught 
st^^amers ;  the  last  one,  to  the  best  of  my  information,  called  the  Little  Jimmie,  sunk 
in  1853,  and  some  of  these  boats  plied  as  high  up  as  30  or  40  miles  al)ove  Macon :  bnt 
all  were  withdrawn  from  the  river  in  1856,  when  the  Mobile  and  Ohio  Rsilroaa  was 
comi>leted  to  Macon.  To  the  best  of  my  recollection,  this  road  obtained  a  grant  firom 
either  the  State  or  federal  government  to  erect  a  permanent  bridge  over  the  Noxubee 
River,  making  Macon  the  head  of  navigation,  and  since  then — some  six  years  a^ — 
the  citizens  of  Macon  and  Noxubee  County,  Mississippi,  erected  a  very  nice  iron  high- 
way bridge  about  1^  miles  below  the  railroad  bridge,  a  permanent  structure  without 
a  draw,  nuiking  it,  therefore,  imi>racticable  to  run  boats  beyond  this  point,  even  in ' 
low  water.  For  these  reasons  I  considered  it  unnecessary  to  extend  the  examination 
of  the  river  beyond  the  town  of  Maeon,  which  I  took  as  the  head  of  probable  naviga- 
tion and  starting  point  of  the  survey  of  the  Noxubee  River. 

Through  the  courtesy  of  the  Hon.  Judge  Ames  and  several  other  x)rominent  citizens 
of  Macon  I  obtained  a  copy  of  the  county  map,  showing  the  course  of  the  river  to  the 
State  line  of  Mississippi  and  Alabama,  which  not  only  assisted  me  very  mncliy  bnt 
which  I  found  in  the  aggregate  very  correct,  expediting  the  work  very  much  inaeed, 
and  for  which  I  cannot  omit  to  express  to  the^se  gentlemen  my  thanks.  I  also  endeav* 
ored  to  get  a  county  map  of  Sumter  County^  Alabama,  but  without  success,  and  for  thia 
reason  it  took  me  more  time  to  ascertain  distances,  which,  however,  I  dare  say  are,  in 
the  aggregate,  very  correct,  as  I  measured,  wherever  practicable,  the  points  of  inter- 
section of  the  section  lines  and  the  river,  and  I  do  not  think  that  the  total  distance  of 
the  river  from  Macon  to  its  mouth,  below  given,  will  vary  materially  should  a  thor- 
ough instrumental  survey  be  made,  which  I  would  respectfully  recommend  in  case  an 
appropriation  be  made  for  the  improvement  of  this  river,  fhe  Noxubee  River,  in 
comjparison  with  the  Sipsey  River,  offers  comparatively  few  obstacles,  and,  in  my 
opinion,  can  be  easily  made  navigable,  not  only  for  the  present  demand  of  traffic  bat 
for  some  time  to  come. 

The  season  in  which,  in  this  latitude,  the  usual  fall  freshets  may  be  expected,  had  al- 
ready so  far  advanced,  and  knowing  the  limited  means  at  my  command  for  the  examina- 
tion, compelled  me  to  confine  myself  to  the  plan  adopted  on  the  Sipsey,  viz,  to  reconnoitcr 
the  stream  by  noting  every  change  of  the  course,  character  of  tne  banks,  and  coantry 
adjacent  to  the  river,  taking  soundings  on  an  average  of  75  feet,  making croas-sectiona 
about  every  two  or  three  miles,  taking  all  necessary'  levels  of  fish -traps,  mill-dams,  and, 
wherever  I  could  obtain  reliable  infonnaticm,  of  high- water,  all  of  which  can  be  more 
readily  seen  from  the  accompanying  field-notes,  whilst  the  index  map  herewith  pre- 
sented gives,  on  a  scale  of  2  inches  to  the  mile,  a  pretty  correct  view  of  the  course  <tf 
the  river,  and  its  principal  tributaries.  As  before  stated,  wherever  section  lines  or 
township  lines  crossed  the  river,  I  measured  the  distances  to  the  nearest  section  or  land 
corners,  and  I  feel  confident  that  not  only  the  length  of  the  river,  which  was  com- 
puted from  the  accompanying  map,  but  also  the  many  and  various  bends  of  the  river, 
are  as  correct  as  they  could  be  obtained,  without  making  an  actual,  instrumental, 
and  meanderiug  survey. 

By  reference  to  the  accompanying  map  it  will  be  seen  that  the  total  length  of  the 
river,  from  Macon  to  its  mouth,  is  69^  miles,  of  which  41 J  miles  are  in  Noxubee  County, 
Missi.ssippi,  and  the  remainder,  27|  miles,  in  Sumter  County,  Alabama.  Apparently 
in  looking  at  the  map,  the  course  of  the  river  is  rather  tortuous  and  crooked,  but  with 
the  exception  of  a  few  instances,  where  either  shoals  are,  or  where  drift  has  accu- 
mulated, the  bends  are  in  almost  every  instance  of  sufiicient  width,  that,  even  in 
a  v<»ry  low  stage  of  water,  small  steamboats  of  3  or  4  feet  draught,  managed  with 
]>ropcT  care,  can  be  easily  piloted  around  the  bends. 

The  reconnaissance  of  this  river  could  not  have  been  made  at  a  more  favorable  time, 
as,  from  all  the  information  obtained,  in  the  remembrance  of  the  oldest  inhabitants, 
the  stage  of  the  water  was  lower  than  it  had  been  for  years,  and  I  only  regret  that  I 
was  not  enabled  to  examine  the  whole  river  at  that  low  stage ;  but  on  December  5. 
1879,  when  within  about  20  miles  of  the  mouth,  a  very  severe  rain-storm  visited  that 
part  of  the  country,  compelling  me  to  lay  up  for  two  days,  and  causing  a  rise  of  firom 
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5  to  6  feet,  which  prevented  a  thorough  observation  of  fish- traps,  dams,  fords,  &c.,  the 
water  being  all  over  them,  and  I  had  to  locate  them  on  the  map  from  information  ob- 
tained from  parties  living  along  the  river.  Also,^  from  the  same  cause,  I  was  prevented 
from  taking  accurate  sonndings  in  the  above  distance,  as  the  sounding-pole  at  hand 
was  only  14  feet  long,  and  in  most  instances  did  not  reach  the  bottom ;  and  at  the  same 
time,  with  the  rise  of  the  river,  the  velocity  of  the  current  increased  so  much  that 
sonndings  with  a  lead-line  became  rather  unreliable.  From  all  the  information  I  could 
gather  of  this  part  of  the  river,  viz,  the  last  20  miles  from  its  mouth,  no  serious  im- 

Sediments  are  existing;  the  diiferent  fish-traps,  &c.,  were  all  submerged  to  such  a 
epth  that  no  sign  .of  their  existence  could  be  seen  on  the  surface  of  the  water.  Here 
I  will  state  that  while  we  were  on  that  part  of  the  river  a  flat-boat,  or,  as  they  are 
called,  keel-boats,  loaded  with  145  bales  of  cottion,  and  drawing  about  4  or  4^  feet  of 
water,  passed  us,  having  been  loaded  some  30  miles  up  the  river  from  its  mouth,  and 
reached  its  destination  without  any  difficulty  whatever.  I  am  informed  that  these 
boats,  on  the  lower  portion  of  the  river,  with  a  rise  of  only  2^  to  3  feet  from  extreme 
low-water,  have  been  and  are  running  very  frequently  during  the  cotton-shipping 
season,  and  very  rarely  meet  with  any  disaster.  This  convinced  me  that,  while  I  was 
deprived  of  seeing  the  lower  part  of  the  river  at  low- water  stskge,  no  obstructions  of  a 
serious  nature  can  exist  which  would  involve  a  heavy  expenditure. 

The  width  of  the  river  is,  in  the  whole,  pretty  uniform,  though  in  a  number  of  in- 
stances, at  extreme  low-water,  in  the  first  10  or  15  miles,  the  river  is  not  more  than  40 
feet  wide,  and  at  a  few  places  where  the  river  is  contracted  to  even  less  than  40  feet. 
On  an  average,  the  width  of  river  at  very  low  water  is  fully  60  feet,  which  increases 
very  considerably  in  case  of  even  a  light  freshet. 

I  have  endeavored  to  show  on  the  map  the  diflferent  widths  of  the  river,  but  the 
small  scale  I  had  to  use  prevented  me  from  showing  the  difference  very  accurately, 
and  I  would  respectfully  refer  you  to  the  detailed  and  minute  field  notes,  which  give 
the  width  of  the  river  on  an  average  of  every  500  to  800  feet. 

In  regard  to  the  depth  of  the  river,  sounding  were  taken  longitudinally  about  every 
50  or  75  feet,  and  these  soundings  are  also  ^iven  in  detail  in  the  field  notes.  From 
these  it  will  be  seen,  as  well  as  from  the  vanous  cross-sections,  that  though  the  river 
was  very  low  its  average  depth  is  ftiUy  3  feet.  However,  I  have  no  doubt  that  by  a 
more  careful  system  of  soundings  the  above  figures  may  oe  found  to  be  too  much,  as 
there  are  a  number  of  shoals  and  a  few  island  where  only  1|  to  2  feet  of  water  was 
found.  This  Is,  however,  the  case  in  extreme  low-water,  and,  as  above  stated,  the 
stage  of  the  river  at  the  time  the  examination  was  made  was  lower  than  had  been 
known  for  years,  and  I  am  reliably  informed  that  such  low-water  stage  is  generally  of 
very  short  duration,  and  hardly  ever  when  the  farming  community  is  ready  to  wilp 
their  cotton  crop. 

The  banks  of  the  river,  as  nearly  the  greater  part  of  all  rivers  in  this  latitude,  are 
very  uniform ;  that  is,  in  respect  to  their  formation,  which  is  usually  a  bluff  of  greater 
-or  lesser  height  on  one  side,  the  opposite  bank  being  a  sloping  bank  of  lesser  eleva- 
tion and  subject  to  overflow.  These  features  change,  to  more  or  less  extent,  with  the 
river  from  one  side  to  the  other,  so  that  at  all  times  you  have  a  high  steep  bluff  on 
either  one  or  the  other  side,  while  the  other  bank,  in  either  case,  is  lower  and  sloping. 

This  general  character  is  retained  on  the  Noxubee  River  with  great  uniformity,  but 
it  is  beyond  a  doubt  more  regular  than  I  have  ever  experienced  before ;  and  it  is  proper 
to  say  that  the  banks  of  the  Noxubee  River,  in  the  distance  examined,  are  beautiful 
in  their  formation,  and  are  almost  entirely  free  from  what  is  termed  a  swampy  bank. 
The  field  notes  give  the  detailed  height  and  character,  and  almost  uniformly  on  one 
side  of  the  river  would  be  found  a  perpendicular,  steep,  pure  white  limestone  bluff, 
varying  from  30  to  125  feet  high,  while  the  opposite  bank  would  be  a  natural  and 
gradual  slope,  averaging,  at  low- water,  fully  14  feet  high ;  in  fact,  the  banks  of  the 
river  are  remarkably  well  featured,  and  are  of  very  favorable  material,  showing  in  no 
instance  any  si^s  of  washing  or  slides.  The  limestone  bluffs  are  generally  free  of 
any  growth  of  timber  on  their  slope,  though  on  top  of  the  lime  rock  the  best  of  black 
prairie  soil  is  de{>o8ited,  varying  in  depth  from  4  to  20  or  30  feet.  The  sloping  banks- 
are  of  the  same  rich  prairie  soil,  and  are  more  or  less  densely  timbered,  and  in  a  num- 
ber of  instances  most  densely  and  thickly  overgrown  with  cane. 

As  already  remarked,  the  soil  of  the  country  through  which  the  Noxubee  River  runs 
is  rich  and  fertile,  and  will  compare  favorably  with  any  of  the  richest  soil  of  Missis- 
sippi or  Alabama ;  the  land  being  known  as  the  Black  Prairie  Belt.  For  this  reason 
it  IS  but  natural  that  the  greater  part  of  the  river  runs  almost  continuously  through 
plantations,  though  there  are  occasionally  reaches  where  either  one  or  the  other  bank, 
or  in  some  instances  both,  banks,  are  heavily  timbered.  The  principal  ^owth  of  tim- 
ber is  the  various  kinds  of  oak,  hickory,  scaly  bark,  walnut,  and  occasionally,  but  in 
rare  instances,  a  hmited  amount  of  snort-leafed  pine ;  some  birch  and  a  number  of 
sycamores,  which,  like  a  large  quantity  of  overhanging  willows  and  brush,  line  the 
sloping  banks,  generally  close  to  the  water's  edge,  forming  in  numerous  instances,  so 
to  say,  regular  walls  and  roofing  the  river  in.     The  principal  prodnce  of  the  above- 
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mentioned  plantations  is  cotton  and  com,  which  yield,  with  proper  ciiltivationy  mn 
abundant  crop,  and  it  is  safe  to  say  that  the  former  will  average  generally  one-half  a 
bale  to  the  acre,  and  the  latter  30  bushels  per  acre. 

From  the  longitudinal  sonndinfi^  as  well  as  from  the  soundings  taken  every  10  feet 
at  the  place  of  cross-sectioning  the  river,  it  was  found  that  the  bed  of  the  river  is^ 
almost  in  the  whole  distance,  composed  of  lime  rock,  though,  as  will  be  seen  firom  the 
field  notes,  in  a  great  many  places  the  bottom  was  found  to  be  of  a  sandy  nature  or 
washed  in  black  prairie  soil,  which,  according  to  circumstances,  changes  in  depth. 
These  sand  or  mud  deposits,  however,  in  m^  opinion,  are  more  or  less  of  a  local 
nature,  and  by  using  a  souudiug-rod  and  working  it  through  these  deposits,  I  invari- 
ably found  the  limestone  underneath. 

It  will  farther  be  seen  that,  as  a  general  rule,  the  bed  of  the  river  is  very  uniform 
and  regular,  very  smooth  and  free  of  deep  holes  and  crevices,  which  is  most  plainly 
perceptible  on  the  few  shoals  which  were  above  water. 

The  nature  of  this  limestone  is  that,  when  it  is  exposed  to  the  atmosphere,  it  seems 
to  hanleu  materially,  while  when  it  is  submerged  under  water  it  softens  to  a  certain 
extent,  which  does  not  diminiuh  its  suitability  as  a  foundation  for  any  structure,  aa 
dams,  &c.,  but  which  makes  it  comparatively  easy  to  excavate,  where  necessary  to 
deepen  the  channel  of  the  river. 

From  my  former  connection  with  the  Mobile  and  Ohio  Railroad,  I  was  enabled  to 
establish  a  bench-mark  of  levels  at  the  starting  point,  near  Macon,  Miss. 

The  above  levels  show  the  elevation  of  low- water  in  the  Noxubee  River  above  mean 
average  tide- water  in  Mobile  Bay  to  be  149.60,  while  the  highest  recorded  shows  au 
elevation  of  175.30,  giving  an  oscillation  at  that  point  of  25.70  feet.  From  the  same 
level  notes  I  found  that  the  low-water  in  the  Bigbee  River  at  Gainesville,  Ala.,  about 
If  miles  below  the  mouth  of  the  Noxubee  River,  has  an  elevation  of  102  feet  above 
Mobile  Bay,  while  high-water  mark  is  141,  consequently  giving  an  oscillation  of  39 
feet.  To  the  correctness  of  these  levels  I  cannot  vouch,  but,  taking  them  for  granted, 
would  give  the  total  fall  of  the  Noxubee  River,  from  Macon  to  its  mouth,  approximately 
at  low- water  stage,  47  feet,  or  about  0.7  foot  per  mile. 

From  the  levels  taken  at  the  various  fish-traps  and  dams,  as  far  as  they  were  in 
sight,  it  will  be  seen  from  the  level  field-notes  that  I  obtained  a  total  fall  of  21  feet 
for  a  distance  of  45  miles;  after  which  I  was  unable  to  take  any  more  levels  on  account 
of  the  above  mentioned  freshet.  Assuming  the  water-level  between  the  fish-traps  and 
dams,  these  figures  would  give  an  average  fall  of  only  0.21  foot  per  mile ;  but,  fh>m 
intermediate  levels  taken,  the  normal  fa  11  of  the  river  lb  about  0.35  foot  per  mile. 

The  current  of  the  river  during  low-water  is  excee<lingly  sluggish,  and  it  was  diffi- 
cult  to  aiTive  at  any  reliable  data  of  current  observations,  due  in  a  great  measore  to 
the  large  number  of  fish-traps  and  dams,  which  create  slackwater  to  a  considerable 
distance  above  them.  In  case  of  even  light  freshets,  however,  the  current  becomes 
very  swift,  and  with  a  rise  of  5  feet  the  velocity  of  the  current  was  found  to  be  from 
3^  to  4  miles  per  hour. 

Owing  to  tne  limited  time  at  my  command,  no  accurate  observations  were  made  in 
regard  to  the  average  discharge  of  the  river,  but,  from  the  data  obtained,  I  am  satis- 
fied that  a  sufficient  volume  of  water  can  be  relied  u])on  for  at  least  8  months  of  the 
year  to  establish  a  channel  of  60  feet  wide  and  3.5  to  4  feet  deep. 

With  the  exception  of  Bodka  Creek,  which  enters  the  Noxubee  about  5  miles  above 
its  mouth,  all  other  tributaries  are  of  no  importance,  and  do  not  contribute  any 
amount  of  water  to  increase  the  river,  except  in  time«  of  heavy  freshets. 

For  the  first  15  to  20  miles  the  river  is  more  or  less  obstnieted  by  logs  and  drift, 
owing,  no  doubt,  to  its  contracted  width  in  that  part  of  the  river, 'which  averages 
from  45  to  50  feet,  at  low  water-stage.  Of  these  logs,  however,  comparatively  a  small 
number  are  what  may  be  called  bed-logs,  viz,  logs  resting  and  imbedded  directly  in 
the  botttim  of  the  river.  Most  of  these  have  either  fallen  or  slid  in  the  river  from  the 
banks,  or  have  been  cut  from  the  sloiHis  and  fallen  in  the  river,  resting,  however,  on 
either  one  or  the  other  bank,  and  forming:  a  barrier  where  drift  will  accumulate. 
These  logs  can  be  removed  far  easier  than  the  above-mentioned  bed- logs  ;  and  as  they 
diminish  considerably  in  number  farther  down  stream,  where  they  occur  onlv  occa- 
sionally, and  where  the  river  increaseH  in  width,  they  fonn  only  a  part  of  the  obstruc- 
tions. 

The  next  impediment  to  a  free  fiow  of  water  are  the  numerous  fish- traps  and  a  few 
mUl-dams.  While  at  Macon,  I  was  informed  by  parties  whose  information  can  be 
relied  upon  that  there  was,  or  would  be,  a  bill  before  the  Mississippi  State  legislature, 
at  its  present  session,  to  enact  a  law  to  have  all  existing  fish-traps  and  mill-dams  in 
the  Noxubee  River  removed  at  the  cost  of  the  respective  owners,  and  to  make  it  a 
State  offense  to  erect  new  ones.  I  have  no  doubt  that  such  a  law  will  be  enacted^  as- 
far  as  the  Noxubee  River  runs  through  the  State  of  Mississippi,  and  as  there  are  tnir^ 
teen  of  these  structures  in  the  river  in  its  course  through  that  State  it  will  greatly 
assist  and  diminish  the  cost  of  the  improvement. 

In  Alabama,  to  the  best  of  my  information,  are  eight  fish-traps,  none  of  which. 
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lk)wever,  were  visible  on  acconnt  of  the  rise  of  the  river,  but  I  have  no  doubt  that 
the  owners  will  remove  them,  even  without  the  enforcement  of  the  law  in  that  State, 
provided  there  is  a  prospect  of  having  navigation  improved  on  that  river. 

The  next  and,  in  my  opinion,  the  most  important  item  of  detriment  to  navigation, 
is  the  large  number  of  overhanging  and  bending  trees,  which  more  or  less  appear  on 
the  whole  length  of  the  river.  As  remarked  before,  my  time  was  too  limited  to  ex- 
amine any  details,  and  it  was  impossible  to  take  an  accurate  account  of  the  number 
of  trees  thus  obstructing  navigation.  I,  therefore,  in  the  annexed  approximate  esti- 
mate, assumed  a  certain  amount  for  removing  these  trees,  which  I  think  will  cover 
the  cost. 

Besides  the  above-mentioned  obstructions  there  exist  a  few  shoals  and  islands. 
The  former  are  generally  bare  white  limestone,  while  the  latter  consist,  more  or  less, 
of  soil,  and  are  overgrown  with  willow  trees  and  brushes. 

The  largest  of  these  shoals  is  about  32  miles  from  Macon,  and  the  place  is  kn«wn 
under  the  name  of  the  Devil's  Racetrack.  Here  the  shoal  protrudes  above  low- water 
fully  1  foot,  and  the  water  is  forced  through  a  very  narrow  phaunel,  consequently  the 
current  is  very  swift  and  rapid ;  but,  as  already  stated,  this  species  of  lime  rock,  as  long 
as  it  is  exposed  to  moisture,  is  easily  excavated,  and  the  shoals  can  be  removed  at 
comparatively  small  cost. 

The  few  islands  in  the  river,  which  are  only  visible  in  extreme  low- water,  are  of  minor 
consideration,  and  can,  after  being  cleared  of  the  dense  growth  of  willow  brush,  easily 
be  leveled  down. 

About  50  miles  from  Macon  the  river  forks,  and  on  examination  of  the  locality  I  did 
not  consider  it  necessary  to  examine  both  prongs,  but  continued  on  the  main  stream, 
which  is  plainly  desi^ated,  the  left-hand  shoot,  at  the  head  of  the  fork,  being  com- 
pletely barricaded  by  logs  and  driftwood.  At  the  head  of  this  cut-off  a  bar  has  already 
formed,  and  with  comparatively  little  work  a  jetty  or  dam  can  be  thrown  across  to 
foree  all  the  water  through  the  right-hand  shoot,  or  main  channel. 

In  order  to  make  an  accurate  estimate  of  the  cost  of  the  work  it  would  require  a 
more  detailed  survey,  and  the  amount  below  ^iven  may  be  excessive  of  the  actual 
cost.  As  remarked,  tne  main  obstruction  consists  of  overhanging  trees,  principally 
sycamores,  willow  trees,  and  willow  brush,  which  are,  however,  so  irregular,  some 
reaches  being  very  densely  overgrown,  while  others  are  almost  entirely  free  from  over- 
hanging trees,  that  it  would  require  considerable  time  to  estimate  on  each  separately, 
and  I  have  therefore  assumed  the  cost  of  69|-  miles,  allowing  so  much  per  mile.  The 
same  is  the  case  with  sunken  logs  and  other  obstructions,  which  are  rather  numerous 
on  the  first  15  to  20  miles  from  Macon,  but  gradually  become  less  and  less  as  the  mouth 
of  the  river  is  approached. 

APPROXIMATE   ESTIMATE. 

Cutting  and  removing  overhanging  trees  for  69|  miles,  at  $600  per  mile  . . .  $41, 700  00 

Removing  bed  logs,  drift,  &c.,  for  6d^  miles,  at  $130  per  mile 9, 035  00 

Excavating  shoals  and  islands 2,500  00 

Removing  nsh-traps  and  mill-dams 3,500  00 

Engineering  and  superintendence,  including  cost  of  an  instrumental  survey .      b,  510  25 

Total 65  245  25 

The  above  estimate  is  based  on  a  rise  of  3  feet  above  extreme  low- water. 

About  21  miles  from  Macon  the  river  is  crossed  by  a  wooden  highway  bridge,  on  the 
road  from  Shugulak  Station,  on  the  Mobile  and  Ohio  Railroad,  to  Fairfield.  This 
structure  is  about  35  feet  above  extreme  low-water,  and  of  course  will  have  to  be 
either  removed  or  replaced  by  a  draw-bridge,  to  allow  boats  to  pass.  To  the  best  of 
my  knowledge  this  bridge  was  built  by  the  county,  and  I  have  no  doubt  that  arrange- 
ments can  be  made  with  the  proper  county  authorities  to  have  this  impediment  re- 
moved or  altered  at  the  expense  of  the  county,  and  for  this  reason  I  have  not  men- 
tioned it  in  the  above  estimate. 

The  direct  benefits  to  be  derived  at  present  fr^m  the  improvement  of  the  river  con- 
sist principally  in  facilitating  transportation  of  all  produce  raised  in  the  vicinity  of 
the  nver,  with  the  adequate  return  freights,  all  of  which  has  now  to  be  transported 
by  the  Mobile  and  Ohio  Railroad,  which  for  some  distance  runs  nearly  parallel  with  the 
river,  about  on  an  average  15  miles  west,  compelling  the  planters  to  haul  their  pro- 
dnoe,  &c.,  that  distance,  and,  as  already  alluded  to,  through  a  heavy  prairie  soil,  wnioh 
during  wet  weather  is  almost  impassable;  and  I  have  frequently  seen  four  and  even  six 
yokes  of  oxen  with  only  one  bale  of  cotton,  weighing  500  pounds,  stuck  fast  in  the 
prairie  mud,  unable  to  reach  the  railroad. 

Besides,  the  universal  complaint  through  the  whole  country  is  that  the  charges  on 
all  kinds  of  freights  on  the  railroad  have  been  and  are  so  exceedingly  exorbitant, 
without  any  prospect  whatever  of  a  reduction,  that  the  navigation  of  the  Noxubee  is 
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hmkM)  njHm  im  one  of  the  jy^reatest  bleanngs  which  could  be  beetowed  npon  the 
ffitmifcy  1 1  Ting  in  the  vicinity  of  the  river. 

(}ni^  othdT  ffTHAt  benefit,  however,  and  one  which  I  think  of  neat  importance,  vMHrid 
tie  ileri  vffl  fr«mi  the  navigation  of  the  Noxnbee,  and  that  is  the  qaeetion  of  obtMning 
fnel.  ft  in  )mt  proper  and  J  oat  forme  to  state  here  that  my  attention  waa  firrt  drawn 
Uf  iU\H  fact  i>y  Mr  W.  H.  Nevill,  a  gentleman  of  great  energy  and  cnltnre,  and  fairing 
great  int^rejtt  in  any  improvement  of  the  country.  Mr.  Nevill  not  only  coltivatea  a 
very  fine  plantation  about  45  miles  from  Macon,  but  has  also  on  his  place  a  amnll 
far.t^fty  for  woofl  worlc ;  and  is  one  of  the  most  enterprising  and  energetic  citisena  on 
the  river,  to  whom  I  herewith  tender  my  thanks  for  valuable  information  and  oonrte- 
siee  rMieivefl. 

As  alrea^ly  remarkf;d,  the  Noxuliee  River  runs  through  a  rich  prairie  country,  and  ia 
f'.tiltivate^l  on  l>or.h  hUUm  nearly  its  whole  length,  consequently  the  question  of  fhel  is 
alrea^ly  a  very  serious  one,  and  of  course  will  become  more  so;  therefore  Mr.  Nevill 
advaneml  the  idea  that,  if  the  Bipsey  River,  near  which  coal  beds  are  found  in  abnn> 
dance,  could  lie  made  navigable  simultaneous  with  the  Noxubee,  coal  could  be  trana- 

{H9rhM\  from  the  former  river  to  its  mouth,  thence  down  the  Bigbee  to  the  month  of 
he  Noxnbee,  and  thence  up  the  river  to  Macon,  a  distance  of  about  285  milea,  at  a 
reasfinable  expense,  and  Macon,  having  railroad  facilities,  be  esitablished  a  coal  depots 
from  which  coal  could  be  supplied  throughout  the  whole  prairie  belt  along  the  Mobile 
and  Ohio  Railroad.  I  have  no  doubt  this  scheme,  once  properly  established^  would 
result  in  a  considerable  traffic  and  revenue,  as  boats  carrying  coal  np  the  Nombeo^ 
would  always  find  return  freights  of  either  com,  cotton,  or  other  produce,  all  aeeldng 
an  ultimate  outlet  at  the  Crulf. 

1  fMiiild  not  ascertain  any  reliable  data  in  regard  to  the  annual  amount  of  yodnoa 
raiseii  along  the  river,  but,  from  my  former  connection  with  the  Mobile  and  Ohio  Rail- 
road, I  remember  that  Macon  used  to  ship  between  8,000  and  10,000  bales  of  ootlMiy 
Shugulak  Station,  some  8  miles  south,  aiM>ut  5,000  to  6,000  bales,  and  still  aaotker' 
statlfin,  Wahala^-.k,  still  farther  south.  fh>m  3,000  to  4,000  bales.    The  bulk  of  time 
shipments,  no  doubt,  were  received  m>m  the  country  lying  near  the  river,  and  itia 
l>ut  reasonable  to  snp]Kise  that  a  greater  innrtion  would  avail  themselves  of  ri^or^ 
transportation  in  preference  to  the  higher  railroad  freights,  the  former  natnrmll^*^ 
always  being  c^msidered  cheaper  than  the  latter. 


Respectfully  siibmitteil. 


IWt.  MaJ.  A.  N.  Damrell, 

Captain f  Carps  of  Engineers j  U.  S.  A. 


J.  P.  Frbsbxius, 
Assistant  EnginMr. 


K    l6. 
IMPROVEMENT  OF  PASCAGOULA  RIVER,  MISSISSIPPI. 

An  examiDation  of  East  Pascagoula  Biver  was  made  under  the  act  of 
Congress  approved  Jane  18, 1878,  fh>m  its  month  to  its  head,  the  oast 
of  which  was  paid  from  the  appropriation,  $10,000,  made  for  its  improre- 
ment  by  the  same  act.  Beport  of  this  result  was  transmitted  to  Con* 
gress  and  printed  in  H.  Ex.  Doc.  No.  95,  Forty-fifth  Congress,  thifd 
49ession. 

The  plan  adopted  comprises  the  dredging  of  a  channel  200  feet  wide 
and  7  feet  deep  through  the  bar  at  the  mouth  of  the  river,  and  the  re* 
moval  of  the  snags  and  overhanging  trees  its  entire  length.  The  MIb- 
sissippi  State  charter  to  A.  A.  Green  having  been  decid^  as  not  inter- 
fering with  the  prosecution  of  the  work,  bids  were  solicited  for  dredging 
at  the  mouth  of  the  river,  under  the  balance  of  the  appropriation  above 
mentioned,  and  the  appropriation  of  $14,000  made  by  act  of  Gongte«8 
approved  March  3, 1879.  They  were  opened  on  the  10th  of  April,  1880. 
l^e  lowest  bidder  was  S.  IS.  Kimball,  and  the  contract  was  awarded  to 
him.  Work  is  expected  to  be  commenced  under  his  contract  about  tbe 
middle  of  July. 
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With  the  amount  appropriated  by  act  of  Congress  approved  June  14, 
1880,  $20,000,  it  is  proposed  to  continue  the  dredging  through  the  bar 
at  the  mouth  of  the  river  by  contract,  provided  reasonable  bids  are 
obtained,  and  to  removing  snags  and  overhanging  trees  as  far  as  possi- 
ble by  hired  labor.  With  the  amount  asked  for  it  is  proposed  to  com- 
plete the  improvement  according  to  the  adopted  plan.  The  improve- 
ment would  not  be  permanent  in  its  character.  More  or  less  dredging 
or  snagging  would  be  required  every  two  or  three  years,  the  cost  of 
which  it  is  impossible  to  estimate  with  present  data  with  any  accuracy, 
but  it  is  not  thought  it  would  be  large  compared  with  the  first  cost  of 
the  work. 

The  work  is  situated  in  the  collection  district  of  Shieldsborough,  Mississippi.    Pas- 
cagoula  is  tlie  nearest  port  of  entry. 

The  commerce  to  be  benefited  is  shown  by  the  following  statement 
from  the  custom-house  record : 

ToniiAge. 

Vessels  entered  from  foreign  countries 61        23,831 

Vessels  entered  coastwise.... 23         5,301 

Aggregate v 84        29,132 

VesaeU  cleared  for  foreign  countries 64       24,52S: 

Vesaels  cleared  coastwise 37         8,40V' 

Aggregate 101        32,930 

"Vr  j%  III  A  g\Y  AYTW^1*^il  * 

12,704,636  superficial  feet  of  lumber 9186,566  2^^ 

296,733  cubic  feet  of  timber 38,913  92 

Aggregate  13,001,369  valued  at '. 224,480  IT 

MisceUaneous  exports 5,268  00 

Aggregate 229,748  17 

Money  statement. 

July  1,  1879,  amount  arailable $22,493  70 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$42,493  7i; 

July  1,  1880,  amount  expended  during  fiscal  year 69  5i. 

July  1,  1880,  amount  available 43,424  20 

Amount  (estimated)  required  for  completion  of  existing  project 11, 306  3i. 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    11, 300  00 


Ah8tract  of  hids  received  and  opened  April  10,  1880,  for  dredtjmg  at  the  mouth  of  the 

Pasoagoula  Binfer,  MisaisaippL 


No. 


Name  of  bidder. 


1  I  George  C.  Fobea  &  Co  . 

2  I  James  E.  Slaughter 

3  ;  S.N.KimbaU 


Price  per 
cabioyard. 


Time  of  commencing  work. 


$0  35.3 
33.9 
32.25 


On  or  before  the  Ist  day  of 
July,  1880. 

On  or  before  the  Ist  day  of 
July,  1880. 

Within  90  days  after  the  con- 
tract in  entered  into. 


Time  of  completing  work. 


On  or  before  the  Ist  day  at 
July.  1881. 

On  or  before  the  let  day  of 
May,  1881. 

Nine  months  after  commence- 
ment of  work. 
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K  17. 

EXAMINATION  OF  CHARLOTTE  HARBOR  AND  PEAS  CREEK,  FLORIDA. 

Office  of  United  States  Engineer, 

Mobile^  Alu.y  March  10, 1880. 

Sir:  An  examination  of  Charlotte  Harbor  and  Peas  Creek,  Ploridar 
was  authorized  by  act  of  Congress  approved  March  3,  1879,  and  as- 
signed to  me  by  letter  dated  April  25, 1879. 

This  examination  was  put  under  the  immediate  charge  of  Mr.  J.  L. 
Meigs,  assistant  engineer,  who,  upon  the  completion  of  the  examination 
of  the  Withlacoochee  River,  proceeded  to  Fort  Meade,  which  was  con- 
sidered the  highest  point  to  which  the  present  wants  of  the  trade  woold 
require  any  improvement  to  be  carried.  The  field  work  was  commenced 
on  October  14,  1879,  and  continued  to  the  mouth  of  the  river,  at 
Hickory  Bluff,  an  estimated  distance  of  160  miles. 

The  examination  was  made  with  a  view  to  improving  the  river  for 
high- water  navigation,  lasting  about  nine  months  of  the  year. 

The  principal  work  fouiid  necessary  is  between  Fort  Meade  and 
McClelland's  Ford,  and  consists  in  the  removal  of  overhanging  trees 
and  snags  and  loose  rocks  from  the  rock  shoals  at  Kendrick's,  Brooker's, 
Fishtrap,  and  Fort  Hartsuff ;  comparatively  few  logs  will  have  to  be 
taken  out  below  that  point,  the  channel  being  much  wider  and  deeper. 

At  the  commencement  of  the  examination  of  this  river  heavy  rain- 
storms  set  in,  and  a  rise  of  several  feet  prevented  the  work  being  done 
as  accurately  as  was  desirable,  but  sufficient  data  were  obtained  for  an 
approximate  estimate  of  cost  of  improvement. 

After  completing  the  examination  of  Peas  Creek,  that  of  Charlotte 
Harbor  was  commenced.  The  principal  commerce  carried  on  in  the 
harbor  consists  in  the  export  of  cattle  to  Cuba  and  oranges  to  Cedar 
Keys. 

Vessels  drawing  8  feet  of  water  can  load  at  Knight's  Pier,  on  the 
north  shore,  about  1^  miles  below  Hickory  Bluff,  and  go  to  sea  without 
difficulty  through  Boca  Grande  Pass,  while  vessels  of  lighter  draught 
have  four  other  outlets,  which  they  make  use  of  according  to  prevailmg 
winds  and  draught  of  vessel. 

As  the  present  commerce  is  carried  on  by  vessels  to  suit  the  depth  of 
these  channels,  and  are  of  sufficient  capacity  to  accommodate  the  pres- 
ent wants  of  the  trade  between  Cuba  and  Cedar  Keys,  an  improvement 
of  Charlotte  Harbor  does  not  seem  to  be  required  at  present. 

The  approximate  estimate  to  make  Peas  Creek  navigable  for  light- 
draught  boats,  during  about  nine  months  of  the  year,  from  its  mouth  to 
Fort  Meade  is  $17,000,  and  should  the  work  be  authorized  I  would 
recommend  an  appropriation  of  that  amount. 

It  is  expected  that  upon  the  completion  of  this  improvement  the 
country  along  and  adjacent  to  the  river  will  increase  in  population,  and 
that  before  many  years  further  improvement  may  become  necessary. 

No  reliable  statistics  could  be  obtained  as  to  the  present  commerce  of 
the  river,  nor  to  what  extent  the  same  would  be  benefited  by  the  pro- 
posed improvement. 

The  report  of  Mr.  J.  L.  Mei^s  and  tracings  of  index  maps  are 
forwarded  herewith  for  detailed  information. 

KespectfuUy  submitted. 

A.  K  Damrell, 

Captain  of  Engineeri. 

The  Chief  of  Engineers,  U.  S.  A. 
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REPORT  OF   MR.   J.   L.    MEIGS^   ASSISTANT  ENGINEER. 

Mobile,  Ala.,  January  25,  1880. 

Sir:  Iu  accordance  with  your  letter  of  iustructions  of  August  15, 1879,  an  examina- 
tion Avas  made  of  **the  best  approaches  to  the  mouth  of  Peas  Creek  from  Gasparilla 
Pass  and  Boca  Grande;  the  best  approaches  to  Punta  Rosa  from  Boca  Grande  and 
Boca  Cioca,  and  the  best  route  from  the  mouth  of  the  Caloosahatchee,  alon^  the  east 
shore  of  Charlotte  Harbor,  to  the  mouth  of  Peas  Creek."  The  appropriation  being 
limited,  it  was  decided  to  examine  the  more  important  lines  of  communication  first. 

I  would  respectfully  submit  the  following  report  on  examination  of  Charlotte  Har- 
bor and  Peas  Creek,  Florida : 

PKAS  CREEK,   FLORIDA. 

The  party  sailed  from  Cedar  Keys  for  Tampa  on  October  8,  1879,  and  arrived  on  the 
10th.  After  procuring  supplies  and  means  of  transportation,  the  march  thence  to 
Fort  Meade,  m  Peas  Creek,  was  begun  October  14.  Progress  was  much  impeded  by 
heavy  rains,  high  streams,  submerged  lowlands,  and  a  broken  bridge;  so  it  was  not 
until  October  *20  that  we  arrived  at  Fort  Meade  Ferry. 

With  great  difficulty  the  necessary  lumber  was  obtained  for  building  a  skiff  3^  by 
14  feet,  and  a  flat-uoat  8  by  20  feet,  for  the  purxK)ses  of  the  examination.  There  was 
no  sawmill  in  operation  in  that  region,  and  it  was  only  through  the  zealous  help  of 
the  citizens  that  we  succeeded  in  building  the  boats. 

Frequent  heavy  rains  fell  during  the  building  of  the  boats  and  after  our  departure 
from  Fort  Meade,  not  terminating  until  October  31,  after  which  the  weather  became 
fair  and  settled.  At  Fort  Meade  the  river  was  seven  feet  higher  than  ordinary  low- 
water  stage,  and  throughout  the  entire  examination  we  labored  under  the  very  great 
disadvantage  of  searching  for  submerged  shoals  and  obstructions.  The  situation  of 
these,  however,  with  reference  to  sections  and  townships,  was  ascei-tained  from  Mr.  J. 
E.  Robersou,  county  surveyor  of  Polk  County,  and  from  citizens  long  resident  in  the 
region  bordering  on  the  river,  and  who  had  opportunity  for  many  years  of  seeing  and 
examining  the  river  at  all  stages  of  the  water.  Information  was  also  obtained  m  re- 
gard to  the  material  of  the  river-bed  at  the  different  shoals,  the  height  of  the  usual 
summer  water,  obstructions  from  submerged  rocks  and  accumulations  of  logs,  and 
from  sand-bars.  Added  to  this  are  the  facts  ascertained  by  constant  soundings  and 
observations  of  different  channels,  varying  width,  and  obstructions  from  overhanging 
trees  and  limbs. 

The  result  of  these  inquiries  and  of  the  examination  are  presented  in  tabular  form, 
for  convenient  reference,  as  follows : 
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It  should  be  remarked  that  the  distance  from  point  to  point  given  in  the  preceding 
tabular  statement  from  measurements  made  on  the  plats  of  the  government  land  sur- 
veys do  not  correspond  with  the  actual  distances  between  these  points.  Observation 
has  shown  in  the  cases  of  Withlacoochee  River  and  Peas  Creek,  that  the  meander- 
in  gs  of  these  streams  are  very  inaccurately  represented  in  these  plats,  and  that  the 
actual  distances  between  points  are  from  2  to  2^  times  greater  than  they  appear  on 
the  land  plats.  This  must  be  borne  in  mind  in  future  enorts  to  identify  localities  here 
spoken  of.  The  position  of  a  submerged  shoal  on  a  section  is  given  as  accurately  as 
the  information  and  soundings  enabled,  but  the  distance  of  its  position  from  a  given 
boundary  of  the  section,  as  measured  on  the  map  along  the  river  course,  will  be  found 
much  less  than  the  truth. 

Peas  Creek  (Talakchopko,  Hatchee,  or  Peaseating  Creek)  rises  in  the  northeaatem 
part  of  township  30  south,  range  26  east,  and  flows  northwestward  and  westward  to 
the  middle  of  section  33^  township  29  south,  range  25  east,  where  it  makes  a  junction 
with  Saddle  Creek,  flowing  southeastward  from  Lake  Hancock.  Thence  it«  course  is 
southwest  to  Hickory  Blun,  where  it  empties  into  Charlotte  Harbor,  making  about  15 
miles  of  westing  and  66  miles  of  southing.  It  is  fed  by  numerous  lakes  in  tlie  central 
part  of  Polk  County.  The  principal  triSutaries  in  the  east  are  Little  Charley,  Tsala- 
ai>opka.  Josh,  and  Prairie  creeks ;  and  on  the  west,  Saddle,  Whitten,  and  Chiloco- 
hatchee  creeks.  Besides  these  streams,  wide  areas  of  swamp  and  hammock  lands 
immediately  bordering  the  river,  and  or  the  more  elevated  adjacent  pine  lands,  are 
covered  during  the  rainy  season  in  July  and  August  with  shallow  pools  of  water, 
which  is  discharged  for  the  most  part  into  Peas  Creek.  The  stream  therefore  ex- 
hibits much  variation  in  its  stages  of  water,  the  range  between  extremes  at  Fort 
Meade  being  about  17  feet. 

According  to  the  most  reliable  information,  it  will  be  safest  to  regard  the  period  of 
low-water  as  extending  from  January  1  to  July  1,  during  which  time  the  river  could 
not  be  refjularly  navigated  by  vessels  of  2  feet  draught.  At  its  lowest  stage  the  stream 
in  the  channels  around  the  bends  contracts  to  a  mere  thread  of  water,  while  on  the 
few  rock  and  sand  shoals  that  extend  across  the  channel  from  bank  to  bank  the  water 
covers  the  entire  river  bed,  but  is  too  shallow  to  carry  a  skiff*  drawing  even  6  inches. 
Navigation  must  at  such  times  be  suspended,  as  on  most  of  the  rivers  of  the  South 
and  West.  There  is,  however,  a  very  general  agreement  in  opiuion  among  old  resi- 
dents that  the  river  can  be  constantly  navigated  by  vessels  of  14  to  24  inches  draught 
during  the  six  months  following  the  beginnnik^  of  the  rainy  season,  bat  in  order  to  do 
this  overhanging  trees  and  limbs  that  would  obstruct  passing  vessels  must  be  re- 
moved from  the  banks,  and  all  masHes  of  rock,  snags,  and  accumulation  of  logs  must 
be  taken  from  the  channel.  To  this  extent  it  is  respectfully  recommended  tnat  the 
navigation  of  Peas  Creek  be  improved. 

In  years  of  unusual  rainfall,  like  1878  and  1879,  such  vessels  might  ply  regularly 
between  Hickory  Bluff  and  Fort  Meade  during  nine  months  of  the  year. 

While  many  believe  that  Peas  Creek  can  be  rendered  navigable  from  Hickory  Bluff 
to  Barton,  yet  the  general  conviction  is  that  the  wants  of  the  country  will  be  satisfied 
by  opening  to  navigation  to  Fort  Meade.  The  more  valuable  lands  for  agricultural 
purposes  lie  along  the  river,  and  the  bulk  of  the  population  engaged  in  agriculture  is 
settled  there.  Elsewhere,  on  both  sides  of  the  river,  the  population  is  sparse,  and  en- 
gaged chiefly  in  cattle  raising.  There  are  many  plantations  of  orange  trees  in  Polk 
and  Manatee  counties  within  easy  distance  of  the  river,  the  produce  of  which  cannot 
be  hauled  to  Tampa,  Manatee,  or  Hickory  Bluff  for  export,  but  must  have  outlet  by 
Peas  Creek  to  Hickory  Bluff.  Thence  to  the  Gulf,  by  way  of  Charlotte  Harbor  and 
Boca  Grande,  navigation  by  vessels  of  8-feet  draught  is  constant  and  unobstructed. 
Through  this  channel  of  communication,  then,  not  only  could  the  yield  of  the  numer- 
ous orange  groves  be  sent  to  a  market  economically,  but  the  people  could  obtain, 
cheaply  and  certainly,  their  necessary  supplies  of  goods  and  groceries. 

The  greater  part  of  the  work  of  improvement  must  be  done  on  the  upper  river,  be- 
tween S'ort  Meade  and  McClelland's  Ford.  This  part  of  the  river  being  comparatively 
narrow  and  crooked,  the  obstructions  from  overhanging  trees,  and  from  accumulation 
of  logs  in  the  channel,  is  greater  than  on  the  lower  river.  Here,  also,  the  four  rock 
shoals  occur,  Kendrick^s,  Brooker's,  Fishtrap,  and  Fort  Hartsuff.  Their  beds  are  com- 
posed of  soft  limestone  rocks,  lying  ragged  and  detached,  or  separated  by  crevices 
running  in  all  directions.  The  masses  are  gc^nerally  much  less  tnaii  a  cubic  yard  in 
volume,  and  are  easily  removable  by  the  use  of  crowbars  and  sledges.  At  the  extreme 
low  stage  the  water  runs  in  rivulets  between  the  rocks.  These  being  removed  and  so 
disposed  of  as  to  confine  the  stream  to  a  single  channel,  the  navigation  of  the  rock 
shoals  will  be  relieved  of  all  danger  during  tht^  high-water  period,  and  the  depth  will 
be  as  great  as  can  be  obtained  without  a  rt-sort  to  more  costly  work,  which  the  pres- 
ent needs  of  the  country  do  not  justify.  It.  is  much  regretted  that  iluring  our  exami- 
nation high-water  rendered  impossible  a  careful  sur\'ey  of  these  four  shoals,  an  an 
accurate  estimate  of  the  cost  of  remQving  the  detached  and  projecting  rocks  that  are 
scattered  over  their  beds. 

70  E 
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The  accompanying  estimate  is  only  approximate,  but,  it  is  believed,  will  be  a  safe 
enide  to  a  first  appropriation  for  rendering  the  river  navigable  during  the  hflklf  year 
following  the  setting  in  of  the  rainy  season. 

In  the  lower  river,  between  McClelland's  Ford  and  Hickory  Bluffs,  there  are  no  zoek 
shoals,  though  many  embedded  logs  must  be  removed  from  the  cliannel  between  the 
mouth  of  Tsalt^apopka  Creek  and  Johnson's  Ferry  (situated  on  the  northwest  quarter 
of  section  (>,  township  39  south,  range  24  east). 

The  most  serious  ditliculty  to  navigation  is  Hughes's  Bar,  lying  at  the  head  of  the 
estuary  of  the  river.  This  is  a  sand-bar  over  wliich,  at  hi^h  tide,  vessels  of  6-feet 
draught  now  pass,  landing  freights  for  Fort  Ogden  at  the  head  of  Hunter's  Creek. 
Though  this  bar  would  recpiiro  dredging  to  allow  of  the  passage  of  such  vessels  at 
lower  stages  of  the  tide,  yet  the  trafiic  does  not  justify  the  improvement  at  present. 

The  following  is  an  apxiroximato  estimate  of  the  cost  of  the  proper  improvement : 

EBiimate  of  the  cost  of  improving  the  navigation  of  Peas  Creek, 
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QoantitiGS  and  price. 


Bock  oxca- 
vation. 


BankB    to   bo. 
cleared  of  over-  j  Snags  to  be  re- 
hanging    trees,  i        moved. 
&c. 


Cost  of 
work. 


Bemarks. 


Oubicyd». 
4, 066  at  $1 
1,071  at  $1 


Linear  feet. 

55,  825  at  li  cejits 

4, 900  at  li  cents 


10,  a'>0  at  U  cents 

3, 600  at  1|  centii 

50  at  1|  cents 

400  at  li  cents 


Accnmulation 
of  logs  in  bed 
of  river,  visi- 
ble at  low- 
wutvr,  180  in 
niiml>er. 
Add  for  engineering  and  contingencies 


114  at  $10 
19  at  $10 


112  at  $10 
38  at  $10 
29  at  $10 
32  at  $10 
52  at  $10 
6  at  $10 


I 


$6,  043  37 
1,334  50 


1, 282  75 
434  00 
290  75 
326  00 
520  00 
60  00 


3,600  00 


This  includes  the  oost  of  mnov- 
ine  a  projec  ' 
mile  above 


ing  a  projeotingledge  of  rock  1 
Fishtnp  ShoiO. 


2,  778  27 


The  namber  of  these  soemnii* 
lations  is  given  npon  the  an- 
thority  of  persons  who  had 
dosci-ndcd  the  river. 


Total 16,669  64 
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Preparations  for  the  work  wore  made  immediately  after  the  couiiiletion  of  the  Peas 
Creek  examination  on  November  fi,  1879.  It  was  deterniiued  to  mark  the  more  im- 
portant channels  by  substantial  stakes,  which  wouhl  not  only  be  useful  as  signal  poles 
in  determining  the  poHition  of  the  channels,  but  would  prove  a  gn^at  aid  to  thenavi 
gation  of  the  harbor.  The  schooner  Jimniie,  conmiauded  by  Capt.  W.  D.  Collier,  was 
ciiarterod,  both  the  kind  of  service  and  the  seas  sometimes  encountered  in  the  harbor 


board, 

From  Hickory  Bluff  Jo  Boca  Grande.— About  one-third  of  a  miTo  east  of  the  west  line 
of  section  25,  township  40  south,  range  22  east,  and  on  the  north  shore  of  the  eatnaxy 
of  Peas  Creek,  is  Knight's  Pier,  a  pile-work  1,940  feet  long,  built  for  the  cdiipment  of 
cattle.  This  place  is  commonly  called  Hickory  Hhiff,  though  the  latter  la  situated  H 
miles  above  it  on  the  same  shore.  About  2,500  cattle  are  annually  exported  firom  *^^ 
point  to  Cuba  in  schooners  of  8-feet  draught,  carrying  cargoes  of  150  to  200  cattle 
each. 

Schooners  of  G-feet  draught  also  i)ly  between  Hickory  Bluff  and  Cedar  Keys.  These 
vessels  usually  pass  a  mile  westward  of  Punta  Gorda,  about  2^  miles  sontneaatward 
of  Cape  Hayes,  and  thence  steer  directly  to  Boca  Grande.  The  depth  of  water  at  the 
head  of  Knight's  Pier  is  7  feet  at  mean  low  tide,  though  8  feet  might  be  obtained  by 
extending  the  pier  280  feet  farther.  Such  vessels  can  easily  reach  the  pier  when  light, 
but  usually  loa<l  and  depart  at  high  tide.  With  this  exception,  the  cattle  yeasels 
experience  no  difficulty  in  the  navigation  between  Hickory  Bluff  and  Boca  Qrande, 
even  at  low   stages  of  the  tide.      The   edge  of  the  sand-bar   extending   south* 
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eastward  from  Cape  Hayes  was  first  traced  by  careful  soundings,  and  a  pole  marking 
the  southeast  point  of  the  bar  was  set  in  water  7  feet  deep  at  mean  low  tide.  This 
pole  bears  from  the  cape  south  34^  10'  east  (true),  and  is  distant  1.95  miles.  Subse- 
quently the  sand-bar  on  the  shore  of  Punta  Gorda  was  sounded,  and  a  stake  marking 
its  eastern  edge  was  set,  bearing  south  87°  5'  west  (true)  from  the  extreme  western 
point  of  Punta  Gorda,  and  distant  2,916  feet.  The  depth  of  water  here  is  11  feet.  No 
other  stakes  were  found  necessary  on  the  route,  and  the  whole  was  then  carefully 
sounded. 

The  depths  from  the  head  of  the  Hickory  Bluff  pier  to  the  Punta  Gorda  stake  range 
from  7  to  11^  feet  at  mean  low-water;  thence  to  the  stake  off  Cape  Hayes  from  7  to  1^ 
feet ;  and  thence  to  the  middle  of  Boca  Grande  entrance  from  7  to  50  feet.  It  should 
be  added  that  the  7  feet  depth  last  given  was  found  near  the  Cape  Hayes  stake. 
There  is  ample  depth  of  water  in  the  usual  track  of  vessels  one-half  mile  eastward  of 
the  stake.  Two  buoys  might  be  placed,  one  off  Cape  Hayes  and  the  other  off  Punta 
Gorda,  but  no  dredeiug  or  other  engineering  work  is  required  in  the  approach  to  the 
mouth  of  Peas  Creek  from  Boca  Grande. 

From  Boca  Grande  to  Punta  Rosa. — Next  in  importance  is  the  line  froxa.  Boca  Grande 
to  Punta  Rosa.  A  schooner  of  6-foet  draught  plies  regularly  between  Cedar  Keys, 
Punta  Rosa,  and  Fort  Myers,  and  others  make  occasional  trips.  In  good  weather, 
when  going  south,  they  usually  pass  by  Boca  Grande,  coast  along  the  west  shores  of 
Captiva  and  Sanibel  islands,  double  the  southeast  extremity  of  the  latter,  and  thus 
approach  Punta  Rosa.  But  when  the  weather  is  threatening  they  enter  Boca  Grande 
and  follow  the  east  coast  of  La  Costa  Island,  hugging  Pimta  Blanco ;  thence  they  pass 
between  Useppa  and  Palmetto  islands,  ana  steer  to  a  point  1  mile  east  of  Boca  Cap- 
tiva, thence  to  a  point  midway  between  Loggerhead  and  Sanibel  islands ;  thence  they 
enter  the  sound  between  Sanibel  and  Pine  islands,  following  a  somewhat  tortuous 
channel  to  a  point  1  mile  west  of  the  southeast  extremity  of  Sanibel  Island,  whence 
their  course  is  northeastward  to  Punta  Rosa.  By  this  route,  too,  these  vessels  gener- 
ally return  from  Punta  Rosa  to  Cedar  Keys,  and  always  do  in  bad  weather,  the  sea 
being  comparatively  safe.  This  rout>e  is  sometimes  followed  also  by  schooners  carry- 
ing to  Cuba  the  produce  of  mullet  fisheries,  established  and  carried  on  by  Cubans ; 
one  on  the  northeast  shore  of  La  Costa  Island,  within  half  a  mile  of  Boca  Grande,  and 
the  other  on  the  northeast  shore  of  Captiva  Island  near  Boca  Captiva.  These  schooners 
are  from  3  to  4  feet  draught,  and  find  abundant  water  at  low  tide. 

This  line  was  carefully  examined  by  numerous  soundings,  made  both  from  the  deck 
of  the  schooner  and  in  small  boats,  with  a  view  to  fina  the  edges  of  the  channel. 
These  were  then  marked  by  occasional  stakes  set  alternately  on  the  starboard  and 
port  sides  of  the  channel.  We  then  sailed  over  the  entire  line  from  Boca  Grande  to 
Punta  Rosa,  sounding  at  regular  intervals,  as  far  as  possible,  on  a  course  taken  midway 
between  the  stakes.  Though  the  channel  is  somewhat  tortuous,  yet  there  is  sea-room 
for  tacking  when  necessary.  Masters  of  vessels  had  complained  of  shallow  water  op- 
posite Boca  Captiva  and  Boca  Ciega,  being  sometimes  obliged  to  await  high  tide  be- 
fore they  could  pass  these  places.  Much  time  was  spent,  therefore,  in  searching  for 
channels  in  the  desired  direction  across  the  long  and  wide  sand-bars  formed  at  these 
places  by  the  inflowing  gulf  tide.  The  effort  was  so  far  successful  that  vessels  follow- 
ing the  line  indicated  by  the  sailing  stakes  will  be  subject  to  much  less  delay  than 
formerly.  The  chief  difficulty  is  encountered  1}  miles  northeast  of  the  north  extremity 
of  Loggerhead  Island,  where  for  the  space  of  a  square  mile  or  more  the  bed  of  the 
channel  is  interspersed  with  lumps  or  small  hillocks  varying  from  25  to  50  feet  in 
diameter,  and  elevated  from  1  to  1-^  feet  above  the  general  level  of  the  bottom.  It 
may  be  necessary  in  the  future  to  dredge  the  channel  here  for  2  miles  to  the  depth  of 
2  feet,  but  the  present  traffic  does  not  justify  any  expenditure  on  any  part  of  the  line. 

It  wonld  be  well  to  renew  four  yeairs  hence  the  present  sailing  stakes,  substituting 
for  the  pine  post  the  more  durable  cabbage  palmetto  logs.  This  should  not  cost  more 
than  $300. 

The  positions  of  the  channel-stakes  were  obtained  by  their  bearings  from  headlands 
and  other  prominent  points,  situated  on  either  side  of  the  route.  These  bearings  laid 
down  on  Coast  Survey  Chart  No.  75,  determined  by  their  intersections  the  places  of 
tiie  stakes.  No  other  mode  oould  be  pursued  within  the  time  that  could  be  devoted 
to  the  work. 
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Tbo  soundings  and  tlio  distances  between  the  stakes  are  snccinctly  shown  in  the 
following  table : 


Xo8.  of  stakes. 


CO 


Extreme 
souudlngs. 


RomarkB. 


MUe». 
Boca  Grande  to  1.    1.80 

Ito   2 20 

2to   3 17 

3to   4 42 

4  to    6 83 

6  to       V    •»••••••••  •  Vm 

5to   7 21 

7to    8 12 

8to    9 27 

OtolO 41 

lOtoll 58 

11  to  12 29 

12tol3 09 

13  to  14 'M 

14tol5 .76 

16to24 38 

24to23 21 

23  to  17 r>0 

17tol8 .28 

18  to  22 25 

22tol9 19 

19t»21 'Mi 

21  to  20 .20 

20  to  40 5. 1*7 

40to39 29 

89to2r} 44 

25  to  3«J 1.  89 

36to3.'> I  1.02 

35to.'J4 ;     .00 

34to33 .43 

33  to  32 '    .  98 

32  to  31 1    .35 

31  to  30 I  1.17 

30  to  29 1.19 

29  to  28    1.29 

28  to  26 1.43 

26  to  27    ;    .87 

27  to  TuutuKosn.    1.48 


IWt. 
8     to  29 
74   to   8 
8. 2  to   8.4 
8.4to  9.4 
&2toll.2 
9. 4  to  11. 9 
9. 4  to  11. 2 

10. 2  to  10. 9 

11.2 
8. 4  to  10.  9 

10. 7  to  13. 4 
9.  5  to  11.  5 
8i  to  84 
6i   to 

6.  3  to 
7     to 
64   to 
8.  8  to  11 
74   to   94 

6  to 
«     to 

7.  8  to 

7  to 


Measiirement  begins  fh>m  a  point  in  Boca  Grande  entranoe 
abreaal  of  the  northern  Point  of  La  Costa  T»imT|i| .  xhe 
soundings  are  mean  low-water  depths. 


8 

74 
9 

8.8 


9 
8 

8.5 
9.5 


I 


^ 

8.4 
8.9 
10.7 
15.2 
15.2 
17.7 
11.4 
9.4 
14.4 
14.4 
10.4 
10.4 


to  10.  8 
to   7i 

to  11.  3 
to  13.  4 
to  16. 4 
to  14.  2 
to  20.  2 
to  21.  2 
to  18.  2 
t(»16.4 
to  18. 4 
to  21. 4 
to  20.  4 
to  20. 4 
to  20.  4 


Stake  "So.  39  in  Ij  miles  northeast  of  northern  exlaremity  of 
loggerhead  Island. 


From  Boea  (rrande  to  Piintn  Kotia  is  29.14  miles. 


From  Boca  Captiva  to  Punta  Uona. — Boca  Cai)tiva  is  never  entered  by  Tessels  sailinff 
from  Cfdar  Keys  or  other  Gulf  i>ortH  to  Piiiita  Ro8a.  In  good  weather  they  ooaw 
along  Captiva  iind  Sanibvl  iHlundH,  a8  before  rcuiarke^l,  and  tnm  the  eastern  extrem- 
ity of  Sanib«l.  lu  Htonny  weather  it  is  hazardous  to  attempt  to  enter  Boca  GapUva 
from  the  Gulf  on  account  of  two  long  sand-HpitH,  covered  by  shallow  water,  whioh 
make  out  from  tlio  south  end  of  La  Costa  Inland  and  the  north  end  of  Captiva  Island, 
the  former  in  a  southwest  direction  for  1^  miles  and  the  latter  in  a  west-north wett 
direction  for  about  1  mile.  The  channel  pursued  by  vessi^ls  entering  or  leaving  follows 
the  edge  of  the  La  CoHta  Hpit  more  nearly  than  the  e<lgo  of  the  other.  Within  the 
pass  it4»elf,  between  itn  head  and  outlet,  the  water  varies  from  17  to  29  feet  in-depth 
at  mean  low  tide. 

Hctween  the  outlet  and  the  bar,  a  distance  of  1  ,'^  niileH,  the  depth  decreases,  and  is 
12  feet  on  the  bar.  Thence  it  increases  to  3  fathoms,  at  the  distance  of  1^  miles  west 
of  the  north  extremity  of  Captiva  Island.  Between  the  bead  of  the  pass  and  sailing- 
stake  No.  21  (on  the  Boca  Grande-Punta  Kosa  routt^  the  deptlis  of  water  vary  from 
i\  to  19  feet  at  mean  low  tide.  A  ve^tsel  drawing  0  feet  can,  therefore,  readily  enter 
Hoca  Captiva  in  moderate  weather,  and  proceed  by  the  harbor  route  to  Punta  Rosa. 
This  ]>a.HN,  however,  is  only  used  by  iishing  schooners,  not  exceeding  5  feet  draught, 
which  touch  at  the  iiNhing  station  on  the  nortlieust  coast  of  Cai)tiva  Island.  The  ao- 
conipauying  tracing  shows  the  track  of  vesst^ls  entering. 

From  Boi-a  Ciega  to  Punta  Kosa. — The  figure  of  Boca  Ciega  has  recently  undergone  a 
change,  so  that  it  is  no  longer  a  '^  blind  pass,"  but  the  opening  from  the  Guu  into 
the  harbor  is  plainly  visible  i^s  you  sail  past  it  in  coasting  along  the  Captiva  and 
Sanibel  islands;  foruierly  the  southern  extremity  of  the  former  island  projeoted  in  a 
southeasterly  din'ction  \ii\ai  the  northwestern  extremity  of  the  latter,  the  two  islands 
being  separated  by  a  water  passage  varying  in  width  from  500  to  1,200  feet.  From  the 
entrance,  the  pa.ss  bore  northwest  by  north  for  |  of  a  mile,  and  thence  north-north- 
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east  for  If  miles  to  its  junction  with  Charlotte  Harbor.  Bnt  now  the  sea  has  made  a 
breach,  400  feet  wide,  across  Captiva  Island,  and  has  silted  np  the  southern  branch  of 
the  old  pass,  thus  uniting  the  severed  part  of  Captiva  with  Sanibel  Island. 

The  present  approach  of  Boca  Ciega  from  tne  Gulf  lies  between  two  sand-spits, 
making  out,  the  one  from  the  northwest  extremity  of  Sanibel  Island,  and  the  other 
from  the  southwest  extremity  of  Captiva  Island.  The  former  laps  past  the  latter 
about  600  feet  in  a  west-southwest  direction,  and  the  two  are  not  more  than  300  feet 
apart  at  the  narrowest  part  of  the  channel.  Just  before  entering  this  outer  pass,  and 
abreast  of  the  extremity  of  the  south  spit,  there  is  a  depth  of  2^  fathoms.  Thence  to 
the  mouth  of  the  inner  pass  the  depths  vary  from  6  to  16  feet,  and  thence  to  the  head 
of  the  pass,  in  the  general  direction  north-northeast,  from  6  to  13  feet.  Here  the 
chaimel  lies  close  to  the  north  extremity  of  Sanibel,  and  proceeds  thence  along  the  north- 
east shore  of  that  island  for  J  of  a  mile  in  the  direction  of  the  north  extremity  of  Log- 
gerhead Island,  abruptly  terminating  against  a  long  and  wide  sand-bar,  which  lies 
between  the  head  of  Boca  Ciega  and  the  Boca  Grande-Punta  Rosa  Channel.  Across 
this  bar  no  passage  could  be  found  in  any  direction  deeper  than  2^  feet  at  mean  low- 
water,  though  at  high  tide  vessels  of  3  to  3^  feet  draught  might  cross  it  and  make 
connection  with  the  route  to  Punta  Rosa.  North  of  Boca  Ciega  and  east  of  Captiva 
Island  lie  three  islands,  the  largest  of  which  is  called  Buck  Island.  Between  these 
islands  and  Captiva  is  a  strait  varying  from  90  feet  to  f  nlile  in  width.  This  was 
carefully  sounded,  and  a  channel  was  traced  to  a  point  about  one  mile  northward  of 
Buck  Island,  and  close  to  the  Captiva  shore.  The  depths  in  this  channel  vary  fi*om 
3.4  to  8.7  feet  at  mean  low-water,  and  from  its  northern  extremity  a  vessel  sailing 
eastward  can  find  entrance  into  the  Boca  Grande-Punta  Rosa  Channel,  upon  depths 
varying  from  3.2  to  5.7  feet. 

Through  Boca  Ciega,  therefore,  no  vessels  of  greater  draught  than  3  feet  can  pass 
from  the  Gulf  into  Charlotte  Harbor,  except  at  high  tide  and  by  tortuous  channels 
difficult  to  be  followed.  Indeed,  it  is  rarely  ever  used,  and  then  only  by  small  sloops 
and  sail-boats.  It  cannot  be  entered  in  stormy  weather,  and  merits  no  expenditure 
whatever. 

From  the  mouth  of  Caloosahatch^e  Siver  to  Peas  Creek, — ^The  passage  of  water  sepa- 
rating Pine  Island  from  the  mainland  on  the  east  is  called  Metlochat  Sound.  Its 
shores  are  fringed  with  numerous  islands,  the  largest  of  which  lies  closely  against 
Pine  Island,  about  midway  between  its  northern  and  southern  extremities,  and  meas- 
ures 4f  by  2i  miles  in  extent.  The  width  of  the  sound,  east  and  northeast  of  this 
island,  is  contracted  to  about  1^  miles,  and  here  also,  for  a  distance  of  7  miles,  the 
sound  is  obstructed  by  numerous  islands  and  oyster  bars.  The  upper  and  lower  sound 
are  much  less  obstructed  by  islands  and  afford  deeper  water  than  the  middle  part. 

A  channel,  having  ample  depth  at  mean  low- water  for  vessels  of  6  or  7  feet  draught, 
may  be  entered  about  |  mile  southward  of  Punta  Rosa,  thence  it  runs  west-northwest 
i  north  between  Fisherman's  Key  and  the  southeast  extremity  of  Pine  Island,  and 
traverses  the  lower  sound,  everywhere  within  f  mile  of  the  eastern  shore  of  the  island. 

The  continuation  of  this  channel  through  the  middle  sound  is  extremely  tortuous, 
and  unnavigable  at  mean  low-water  by  vessels  of  more  than  2  feet  draught.  Indeed, 
the  Punta  Rosa  Hickory  Bluff  mail  boat,  a  small  sloop  drawing  1  foot  of  water,  the 
only  vessel  regularly  navigating  this  part  of  the  sound,  sometimes  finds  difficulty,  at 
low-water,  in  avoiding  the  oyswr  and  sand  bars.  Ample  depth  for  vessels  of  6  feet 
draught  is  found  in  the  upper  sound,  the  channel  for  the  most  part  lying  midway  be- 
tween Pine  Island  and  the  mainlana. 

Schooners  of  3  feet  draught  have  sailed  through  Metlochat  Sound  on  several  occa- 
sions, bnt  only  with  favorable  winds  and  at  high  tides.  It  is  only  navigated  by  the 
sail-boats  of  a  few  families  living  on  its  eastern  snore,  who  procure  their  supplies  from 
Punta  Rosa  and  Fort  Myers.  No  expenditure  for  dredging  any  of  its  channels  would 
be  justified  by  the  present  trade. 

An  extensive  sand-bar  lies  off  the  mouth  of  the  Caloosahatchee  River.  Across  this 
bar,  in  the  direction  from  Sword  Point  (called  also  Punta  Blanco)  to  Fisherman's 
Key,  not  more  than  1  foot  of  depth  exists  at  mean  low  tide.  Vessels  of  greater 
draught  than  this,  when  sailing  from  the  mouth  of  the  Caloosahatchee  to  Hickory 
Bluff,  usually  pursue  the  Punta  Rosa-Boca  Grande  ronte  to  stake  No.  15,  northeast 
of  Boca  Captiva.  From  this  point  they  follow  a  channel,  affording  6  feet  of  water,  in 
the  direction  north  i  east,  passing  between  Patricio  and  Bird  islands,  until  directly 
east  of  the  northeast  extremity  of  the  former  island,  thence  a  course  northeast  by 
north  i  north  gives  a  sufficient  depth  of  water  across  the  great  sand-bar  lying  north- 
west of  Pine  Island,  and  brings  the  vessel  within  sight  of  tne  Cape  Hayes  stake. 

From  Oasparilla  Pass  to  Him>ry  Bluff. — ^Throngh  Gasparilla  Pass  schooners  of  4  feet 
draught  can  find  entrance  into  the  northwest  angle  of  Charlotte  Harbor  from  the 
Gulf  of  Mexico.  A  sand-bar  projecting  in  all  directions  from  the  north  extremity  of 
Gasparilla  Island  gives  shape  to  the  channel,  which  approaches  the  pass  from  the 
southwest,  and  on  entering  hugs  its  north  shore.  Thence  its  course,  conforming  to 
that  of  the  sand-bar,  veers  to  the  southeast  until  when  a  vessel  is  due  east  of  the  head 
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of  r;a8pari11a  Island  it  is  distant  from  it  about  H  miles.  From  this  point  Boatheaflt- 
wanl  the  channel  lies  alx)nt  midway  between  Gasparilla  Island  and  the  asBemblasieof 
islands  sitnatcd  east  of  it.  Pursumg  this  channel  to  a  point  Abreast  of  the  eamem 
I'Xtreniity  of  GHSparilla  Island,  a  vessel  may  thence  coast  along  the  island  to  Boca 
GraniWr,  or  direct  her  connu*  to  Cape  Hayes. 

OutHide  of  Gasparilla  Pa8s  ^  mile  the  water  is  15  feet  deep,  and  thence  deepens  to 
IV)  feet  in  tlie  pass.  A  mile  fnitherf  following  the  channel  ai>ove  described,  the  water 
shoals  to  5  f**et,  and  thence  to  Boca  Grande,  or  to  Cape  Hayes,  a  Tessel  of  4  feet 
draught  will  tind  a  sufficient  depth  everywhere. 

(faiti>arilla  Pass  is  seldom  entered  except  by  vessels  engaged  in  mnllet-fishing,  in 
tlif;  north w<*Mt  part  of  the  har1»or,  and  never  by  vessels  sailing  from  a  Gnlf  port  to 
Hi<;kory  I^luft'.  No  appropriation  should  W  made  for  the  improvement  of  this  pass  or 
its  connect  in  ;r  channels. 

It  is  jiropcr  to  add  that  Gasparilla  Pass  and  the  inside  channel  thence  to  Boctk 
Grande,  an  also  the  central  part  of  Metlochat  Sound,  were  not  sounded  by  as  for  lack 
of  time,  the  appropriation  forbidding  a  continuance  of  the  work.  The  InfonnatiaB 
given  is  derived  from  the  masters  of  vessels  long  acquainted  with  these  channeli^ 
whose  indei>endent  statements  agree  with  each  other,  and  are  doubtless  correct. 

The  population  of  the  islands  and  eastern  shore  of  Charlotte  Harlxir  is  scanty  in  tlie 
extreme.  Not  more  than  twelve  persons  live  on  the  islands,  and  a  few  families  live 
on  the  shore  between  Punta  Gorda  and  the  mouth  of  Caloosahatchee  River.  The 
sole  lucrative  industries  at  present  carried  on  are  cattle  raising  and  the  harbor  fish- 
eries, the  latter  being  almost  exclusively  in  the  hands  of  Cnbams.  Orange  growing 
is  increasing  in  importance,  though  the  groves  are  yet  too  young  for  a  great  prodna- 
tion.  The  cattle  of  this  region  are  shipped  exclusively  to  Cuba,  either  from  Hickory 
Bhiff  or  from  Punta  Rosa.  The  vessels  navigating  the  harbor  are  accommodated  to 
its  channels,  and  aro  of  sufficient  capacity  for  the  present  business,  and  for  any 
increase  of  business  that  may  be  reasonably  anticipateil.  Ko  improvement  of  harbor 
or  passes,  therefore,  is  now  required. 

Much  credit  is  due  to  Capt.  W.  D.  Collier,  of  Fort  Myers,  our  pilot,  whose  knowledge 
of  the  harbor  and  its  channels  proved  to  be  minute  and  exact.  Thanks  are  also  dne 
to  the  rodmen,  A.  T.  Smith,  W.  £.  Dootch,  and  A.  K.  Meigs,  who  labored  efficiently 
throughout  the  examination. 

Very  resjiectfully,  your  oliedient  servant, 

J.  L.  Meios, 
Jsri»tant  ' 

('apt.  A.  N.  DA3IRELL, 

C'orp«  of  Engineers,  U,S,  A, 


K  i8. 
EXA^IINATION  OF  WITHLACOOCHKE  RIVER,  FLORIDA. 

Office  of  Ignited  States  Engi>'Eer, 

MohilCy  AZa.,  March  6, 1880, 

Sir  :  By  a<;t  of  Congress  approved  March  «i,  1870,  an  examination  of 
the  Withlacooehee  River,  Florida,  was  authorized,  and  was  aasigned  to 
me  by  letter  dated  April  25, 1879. 

This  examination  was  made  by  Mr.  J.  L.  Meigs  as  assistant  engineeii 
upon  whose  report  I  have  the  honor  to  submit  the  following: 

The  examination  was  commenced  at  Hayes's  Ferry,  the  highest  point 
to  which  any  improvement  is  at  present  considered  expedient.  The 
improvement  from  this  i>oint  to  the  mouth  of  the  river  would  relieve  the 
present  difficulty  of  getting  the  produce  of  Marion,  Sumter,  and  Her- 
nando counties  to  a  market,  and  supplying  the  inhabitants  with  mer- 
chandise and  provisions  at  a  reasonable  exi>ense. 

Wlien  the  surveying  party  arrived  at  Hayes's  Ferry,  the  river  WM 
about  <>  feet  above  its  lowest  stage  and  the  examination  had  to  be  ear- 
ned on  under  this  disadvantage ;  sufficient  data,  however,  were  obtained 
ui>on  which  to  base  an  estimate  for  its  improvement. 

During  high-water  vessels  drawing  4  feet  can  ascend  the  river,  but 
as  this  season  is  usually  short  the  improvement  desired  is  the  removal 
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of  snags^  overhauging  trees,  and  loose  rocks,  and  cutting  through  some 
of  the  worst  shoals  and  a  bar  at  the  mouth,  so  as  to  enable  boate  draw- 
ing 2  feet  of  water  to  navigate  the  river  during  about  one-half  of  the 
year. 

The  cost  of  this  improvement  is  estimated  at  $23,874.04,  and  should 
it  be  deemed  expedient  to  make  the  improvement  1  would  recommend 
an  appropriation  of  $20,000.  It  is  expected  that  should  this  improve- 
ment be  authorized  the  country  along  this  river  would  be  rapidly  set- 
tled up,  and  that  in  a  few  years  further  improvements  may  become  nec- 
essary. 

No  reliable  statistics  could  be  obtained  as  to  the  amount  of  commerce 
that  would  be  immediately  benefited  by  the  improvement. 

The  report  of  Mr.  J.  L.  Meigs  is  herewith  forwarded  for  more  detailed 
information,  and  a  tracing  of  the  map  of  examination  of  the  Withlacoo- 
chee  Biver  will  be  forwarded  as  soon  as  made. 
Yery  respectfully,  your  obedient  servant, 

A.  N.  Dambell, 


The  Chief  of  Enginebes,  U.  S.  A. 


Captain  of  Engineers. 


REPORT  OF  MR.   J.   L.   MEIOS,   ASSISTANT  BHGINEER. 

Mobile,  Ala.,  Jamuiry  25,  1880. 

Sib:  In  accordaoce  with  your  letter  of  instruotions  of  August  15,  1879,  an  examina* 
tion  of  the  Withlacoochee  River,  Florida,  was  made.  The  following  report  of  the 
work  is  respectfully  snhmitted : 

The  examining  party,  consisting  of  an  assistant  engineer,  3  rodmen,  a  pilot,  and  a 
laborer,  were  assembled  at  Clear  Water  Harbor  on  September  7, 1879,  with  the  desigu 
of  proceeding  overland  7§  miles  to  Hayes's  Ferrv,  on  the  Withlacoochee  River,  where 
a  nat-boat  snould  be  built  and  the  descent  of  the  river  be  there  commenced.  Ordi- 
narily the  rainy  season  of  that  re^on  begins  about  the  middle  of  June  and  terminates 
early  in  September.  The  rainfall  during  each  of  the  years  1878  and  1879,  however, 
proved  to  be  unusually  great  and  protracted.  The  party  were  unable  to  leave  Clear 
Water  Harbor  before  September  16,  1879,  owing  to  heavy  rain  storms  and  overflowing 
streams,  and  the  march  thence  around  the  head  of  Tampa  Bay  and  across  Hillsboro 
and  Hernando  counties  was  slow  and  tedious,  ponds  and  submerged  flat-lands  being 
constantly  encountered. 

On  September  23,  they  arrived  at  W.  W.  Mallard's  Mill  (then  the  only  one  on  the 
Withlacoochee  River),  situated  in  township  21  south,  range  20  east,  near  the  west  line 
of  section  13  and  about  4  miles  by  water  below  Hayes's  Ferry.  This  ferry  was  selected 
as  the  initial  point  of  the  examination  in  accordance  with  the  very  general  conviction 
of  the  best  informed  citizens,  that  to  render  the  river  navigable  m>m  its  mouth  to 
this  point  would  not  only  greatly  relieve  the  present  difficulty  experienced  b^  the 
people  of  Marion,  Sumter,  and  Hernando  counties  in  procuring  necessary  supphes  of 
goods  and  groceries,  but  that  it  would  be  inexpedient  at  present  to  expend  money  on 
the  river  above  Hayes's  Feny.  A  bill  for  the  improvement  of  the  river,  introdaoed  at 
the  last  session  of  the  Florida  legislature,  proposed  that  the  work  should  be  com- 
menced at  Mallard's  Mill.  It  seemed  proper,  therefore,  to  begin  the  examination  at 
Hayes's  Ferry,  and  this  was  done  on  September  26,  on  the  completion  of  the  necessary 
boats. 

Unfortunately  the  examination  was  necessarily  made  at  a  stage  of  water  6  feet 
above  the  ordinary  summer  stage.  This  great  disadvantage  was  remedied  as  far  as 
possible  by  employing  for  different  sections  of  the  river  the  services  of  experienced 
pilots,  who  had  frequently  descended  the  river  on  baizes  and  rafts  and  in  skiffs,  and 
by  obtaining  information  from  every  available  source  in  regard  to  its  obstractions. 

By  these  means  and  by  constant  soundings  the  sites  of  snoals,  whether  of  sand  or 
rock,  were  ascertained.  All  snags  and  accumulations  of  logs  and  the  overhanging 
trees  and  limbs  were  carefully  noted,  and,  where  the  river  banks  were  not  submergea) 
observations  of  their  materials  were  made.  These  necessary  data  for  an  approximate 
estimate  of  the  cost  of  rendering  the  river  navigable,  so  far  as  to  relieve  the  present 
wants  of  the  population,  are  given  below  in  tabular  form,  as  affording  the  easiest  and 
readiest  mode  of  examining  the  facts. 
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Tlio  Witblacoochoe  River  from  Hayes's  Ferry  to  the  western  line  of  section  19,  town- 
f»)iii»  17  south,  raii^o  20  oast,  bt^low  MorriHsoii's  Shoals,  traverses  a  series  of  ox>en  lakes 
uijfi  woodeil  la^ooiiH,  ^tfncrally  Hhallow  and  of  varying  widths.  The  lakes  are  inter- 
HfHTHed  with  float i  11^  niaMSCs  of  wild  K'ttiice,  bonnets  and  careless  weeds,  and  with 
iiiiiiierou8  iHlands  covrnMl  with  willows  and  aquatic  plants.  The  wooded  lagoons  are 
Ij'-avily  tiinlHTfd,  ami  travtfrwil  by  one  or  more  narrow  and  crooked  channels,  which, 
ho\v«-ver,  artord  *^  to  1  ft-et  of  wat«T  at  th<'  <»rdinary  low-water  stage,  though  in  many 
|il;to«*K  not  nionMban  'M)  fret  in  width.  The  cunvnt  liowing  in  the  lake  channels  is 
h\ii'^U,\r^h  while  that  in  the  lagfKui  cliannt'ls  generally  flows  swiftly. 

rioiii  the  wfHtern  lin<'  of  section  19  (above  nit-ntioned)  to  the  mouth,  the  river,  for 
th«:  MiosT  i»art,  e<inlint's  it8«*h'  to  a  sin;;h«  cliaunel,  the  width  is  more  uniform,  the  enr- 
/«'ijt  ra]Hd,  an<l  the  ImmI  gen«Tally  eov<Ted  with  loose  rocks  at  the  places  of  snoals  and 
f)jaJJo\vt<.  The  channels  lM«twc«Mi  Ibcsr  rocks  are  narrow,  crooked,  and  impassable  at 
v'-ry  low  water.  These  places  are  miscalled  shoals  in  many  cases,  since  the  depth  of 
wafer  iMftween  the  rocks  is  as  great  as  is  «*lse where  obtained.  Here  the  river  can  be 
fejjdereil  navigable  by  1»reaking  np  and  n*nioving  the  soft  limestone  rocks,  which  sw 
f^ejjf^rally  much  less  than  a  cubic  yard  in  size. 

.Just  above  the  mouth  the  river  is  divid«Ml  by  Chambers's  Island  into  two  branches, 
flowing  northwest  and  K<»ut Invest,  respectively.  The  north  branch  affords  quit«  as 
iriKHi  water  as  the  oth«T,  and  has  the  l»etter  approach  from  the  Gulf  of  Mexico.  This 
ajiproach  is  a  n.irrow  channel  (from  U  to  :l^  feet  deep  at  mean  low- water),  which 
croKM-s  a  shallow  bar,  com]M)sefl  cliietly  of  ovster  beds  and  lying  off  the  mouth  of  the 
river.  For  |  of  a  mile,  this  channel,  which  lias  an  average  widtn  of  30  feet,  should  be 
dredged  to  a  width  of  51)  feet,  and  a  de]»th  of  :i  f(i»et,  at  mean  low-water. 

'i"lie  river  has  never  bc<'n  regularly  navigated  by  vessels.  A  small  steamer,  drawing 
alxHit  '2  feet,  has  ascende<l  it  to  Fort  Clinch.  Capt.  D.  M.  Lay  has  made  two  trips^  «! 
oriiinary  low-water,  from  the  mouth  of  the  river  to  Panasofkee  Ontlet,  on  a  bugs 
carrying  1^  tons,  and  drawing  1^  inches  of  water.  A  small  barge  has  also  been  taken 
up  as  far  as  Pemberton's  Fen^  ;  and  Mr.  W.  W.  Mallard  has  carried  a  barge  loaded 
with  lumber  from  his  mill  on  section  i:),  townshi]i  21  south,  range  *20  east,  to  Panasofkee 
Outlet.  Kafts  of  cedar  logs,  lM»wever,  an*  fn»quently  brought  out  of  the  river  (evea 
from  the  region  alnrnt  Foit  Dade),  and  taken  to  the  merchant  mills  at  Cedar  Keya 
These  n-quiro  a  depth  of 'i  feet  of  water  every  \vh«»n»  in  the  channel,  while  rafts  of  pal- 
metto logs  (from  the  region  immediately  aintve  the  mouth  of  the  river)  require  3  feet  in 
the  river  and  across  the  bar.  Kxcept  by  bargcH,  nti  attempt  has  been  made  to  carr>'  snp- 
l)lies  of  ]irovisions  and  gtiods  u\>  the  river.  The  jieople  now,  however,  very  earnestly 
desire  tin;  introdui.'tion  of  steam  navigation.  The  iuilux  of  population  from  other 
iStatesinto  the  count  i<'s  bordering  on  the  river,  and  the  extensive  plantations  of  orange 
trees  on  the  Panas(»t'kee  Lake  and  outlet,  and  on  the  Withlacoochee  also,  make  an  im- 
mediate impruvenkent  of  the  river  navigation  very  necessary.  The  orange  g^ves  of 
Messrs.  Young  and  Adams,  and  of  Messrs.  Conovcr  and  Lay,  on  the  Panasofkee  Outlet, 
will  Jilone  give  oni]»loyment  to  a  river  st^vmuT  during  the  fniit  season. 

Th«»  extent  of  the  improvement  now  t(»  be  made  sluMild  bo  diH^ided  by  the  needs  of 
the  po])nIation,  and  the  onlinary  stage  of  water  in  the  river  between  the  rainy  sea- 
sons. Vessels  drawing  from  11  to  '^4  intbes,  such  for  example  as  navigate  the  Ock- 
lawaba  River  and  many  tributaries  of  the  Mississippi,  will  not  only  afford  ample 
tonnage  for  the  business  of  the  Withlacoochee,  but  will  be  of  as  great  draught  as  ean 
regularly  navigate  it  at  the  ordinary  stage  of  the  water.  It  is  certain  that  on  one 
occasion  within  the  past  tbirty-live  years  the  river  bed  in  tlie  vicinity  of  Mallud's 
Mill  was  pei-fectly  dry  (with  the  exce))tion  of  dee])  )mols  of  standing  water)  during 
a  M'ason  of  great  drought ;  and  at  other  dry  seasons  the  stream  has  been  so  reduced  in 
volume  at  the  ditferent  shoals  as  to  be  unnavigabic  by  vessels  drawing  18  inches  of 
water. 

Old  residents  of  the  region  bordering  the  river,  and  raftsmen  engaged  In  canying 
cedar  logs  down  it,  agn^e  in  opinion  that  no  gn^ater  improvement  need  now  be  un- 
dertaken than  to  make  the  river  navigable  during  the  six  or  seven  months  fbtlotrlng 
the  rainy  season  for  vessels  not  exceeding  "2  feet  in  draught,  and  that  this  may  be  done 
by  clearing  its  banks  (»f  overhanging  trees  an<l  limbs,  and  by  removing  sunken  logs, 
snags,  and  loose  rocks  fnmi  its  bed. 

It  is  not  recommen<le«i  to  clear  a  hvit  of  timber  bordering  on  each  of  the  river 
banks,  but  only  to  removft  ov(>rhanging  trees  and  limbs  that  would  impede  passing 
boats.  The  tiniber  growing  on  tbe  slopes  and  crests  of  the  banks  should  be  care- 
fully pres<Tved  as  a  nutans  of  hohling  the  sandy  soil  in  place  and  preventing  the  slid- 
ing oi  the  banks  into  the  stream.  Such  slides  of  sandy  river  banks  render  the  river 
shallow  (as  has  been  observed  in  tbe  case  of  certain  streams  in  Georgia),  by  widen- 
ing its  bed  and  tilling  the  channel  with  sand.  Hocks  can  readily  bo  got  out  of  the 
way  by  depositing  tln'iu  in  n«*ar  pi»ols  «>f  deep  water. 

The  dee])ening  <»f  the  channel  ac-ross  sand  shoals  or  bars  will  extend  the  period  of 
navigation  every  year  for  a  month  or  more.  Many  of  the  smaller  sand-bars  (of  which 
23  have  been  noted)  will  be  deepene<l  by  th«'  action  of  the  stream  alone,  when  there- 
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moval  of  the  loose  rocks,  snnkeu  logs,  and  bmsh  shall  give  free  play  to  the  current. 
The  method  of  deepening  snch  channels  by  dredffinff,  or  the  more  economical  exca- 
vation with  shovels  and  barrows,  during  a  period  of  extreme  low- water,  should  only 
be  resorted  to  where  there  are  good  grounds  for  believing  that  the  new  channel  will 
afterwards  be  kept  clear  and  open  by  the  action  of  the  current  above.  Such  places, 
it  is  believed,  are  Morrisson's  Shoal  and  certain  small  islands  in  the  upper  river,  the 
removal  of  which  will  give  room  for  navigation. 

In  the  case  of  other  bars,  low  dams  oi  closely  driven  piles  may  be  built,  so  as  to 
confine  the  running  water  to  a  single  channel,  which  will  thus  be  kept  open.  In  the 
accompanying  estimate,  however,  the  cost  of  deepening  bars  is  approximated  by  esti- 
mating the  work  in  each  case  as  excavation. 

Approximate  estimate  of  the  cost  of  improving  Withlaooochee  Biver  hetween  Hayes's  Ferry 

and  its  mouth. 


Pivisicm  of  ilTer. 


I.... 

n... 
ni.. 

IV*- 
Y  .,. 
VI.. 

vn. 
vm 
rx.. 


Qnaotity  aod  priea 


Earth  excayatioD. 


Oubie  yards. 
3  044  at  30  cents. 
800  at  30  oenta. 


Rockexca- 
ration. 


Bankft  tob« 

cleared  of  orer* 

hanging  trees,  &c. 


Cfubieyds. 


80  at  $1 


Linear  feet. 
7,854  at  l(  cents 
4,244  at  ll  cents. 
5,000  at  l{  cents. 


Snags  to 
be  re- 
mored. 


26  at  $10 
51  At  $10 


Cost  of 
work. 


$1, 201  01 
663  66 
164  00 


6,510  at  80  cents. 


XI 

xn* 

Channel  across  bar 

Add  for  engineering  and  con- 
tingencies  


11,787  at  30  cents. 

333  at  30  cents. 

667  at  30  cents. 

2,778 «t  30  cents. 


1,400  at  $1 

3,578  at  $1 

600  at  $1 


800  at  1|  cents. 
2,800  at  l{  cents 
3,600  at  If  cents 
12,500  at  l|  cents 
6,800  at  1}  cents 
1,600  at  li  cents. 


3  at  $10 
18  at  $10 

0  at  $10 
13  at  $10 
17  at  $10 

4  at  $10 


42  00 

12, 177  70 

:i,644  00 

7,480  60 

864  40 

264  10 

883  40 


15,400  at  30  cents. 


4,620  00 
3, 079  17 


Total. 


28,874  04 


*No  work  recommended  to  be  done  on  this  division. 

t  This  includes  cost  of  excavating  a  channel  (2  by  50  feet  in  section)  across  Morrisson's  ShoaL 

X  This  inclades  cost  of  removing  loose  rocks  from  river  bed  at  Horn's  Bridge  Shoals. 

Mention  having  been  made  of  the  fact  that  cedar  rafts  have  been  brought  down  the 
river  from  the  vicinity  of  Fort  Dade,  it  may  be  well  to  add  that  many^  persons  regard 
the  river  as  navigable  for  15  miles  above  Pemberton's  Ferry,  and  think  that  the  im- 
provement of  the  channel  should  extend  to  that  point.  They  report  that  within  l^ 
miles  above  Hayes's  Ferrv  there  is  a  sand-bar  100  yards  Ions,  on  which  the  water  at 
its  ordinary  low  stage  is  H  ^^^^t  deep.  Immediately  above  this  is  the  foot  of  Cypress 
Island,  from  which  point  the  eastern  chute  of  the  nver  is  to  be  ascended.  This  chute 
is  from  90  to  100  feet  wide,  and  is  much  obstructed  by  logs.  These  removed,  there 
would  be  from  3  to  4  feet  of  water  in  the  shallow  parts  of  the  chute. 

From  the  head  of  Cypress  Island  upward  to  Pemberton's  Ferry  the  depth  of  water 
in  the  shallows  is  equally  good,  while  10  to  15  feet  may  be  had  at  the  other  places. 
And  for  15  miles  above  the  ferry  the  depth  of  water  is  also  good,  3  to  4  feet  being  ob- 
tainable at  the  low  stage  of  the  water.  The  width  is  everywhere  firom  90  to  100  feet. 
The  growth  of  the  country  may,  indeed,  hereafter  require  the  improvement  of  this 
part  of  the  river. 

Thanks  are  due  to  Capt.  C.  F.  Adams  for  valuable  memoranda  in  regard  to  the  rlver^ 
and  for  other  information ;  also  to  Messrs.  W.  W.  Mallard  and  L.  L.  Hodges. 

Bespeotftilly  submitted. 

J.  L.  Meiqs, 

Assistant  Engineer, 

Capt.  A.  N.  Damrbll, 

Corps  of  Engineers,  U,  S,  A, 
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K  19, 

EXAMINATION  OF  PEA  RIVER,  ALABAMA,  FROM  GENEVA  TO  ELBA. 

Office  of  United  States  Engineeb, 

MohilCj  Ala.^  March  3,  1880. 

Sir  :  By  act  of  Congress  approved  March  3, 1879,  an  examination  of 
the  Pea  Eiver,  Alabama,  was  authorized,  and  by  letter  dated  May  12, 
1879,  was  assigned  to  me,  and  was  put  in  immediate  charge  of  Mr.  Hiram 
Haines,  assistant  engineer,  whose  report  shows  that  from  Elba,  where 
the  examination  was  commenced,  to  its  mouth,  a  distance  of  about  60 
miles,  the  river  in  its  present  condition  is  not  navigable.  In  the  npper 
portion  of  the  river  the  chief  obstructions  are  rock  shoals,  while  the 
lower  portion  is  filled  with  snags  and  logs  to  such  an  extent  as  to  make 
its  passage  even  with  a  small  boat  extremely  difficult.  To  make  this 
river  navigable  for  light-draught  boats  during  high- water  season,  fix>m 
Elba  to  its  mouth,  an  appropriation  of  $5G,750  would  be  required,  which 
estimate  includes  the  construction  of  two  locks  and  dams. 

As,  however,  all  the  commerce  of  this  river  would  probably  pass  over 
the  Clioctawliatchee  Kiver  in  its  way  to  market,  and  would  for  a  number 
of  years  be  small  in  extent,  I  would  recommend  its  improvement  be  de- 
layed until  that  of  the  latter  river  is  completed. 

The  report  of  Mr.  Haines  and  a  tracing  of  index  map  are  herewith  in- 
closed, to  which  I  would  respectfully  refer. 

KespectfuUy  submitted. 

A.  K  Damrell, 
Captain  of  Engineers^  U.  S.  A. 

The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OF   MR.    IIIRAM   HAINES,   ASSISTANT  ENGINEER. 

Mobile,  Ala.,  October  18, 1879. 

Sir  :  I  have  the  honor  to  Buhmit  the  following  as  the  result  of  my  examination  of 
Pea  River,  Alabama,  from  Elba  to  its  coniluence  with  the  Choctawhatchee  River, 
made  a^^reeably  to  your  iiistrnctions  of  the  4th  of  August,  1879,  at  Greneva,  Ala. 

The  river  at  Elba  cuts  through  a  heavy  bed  of  son,  thinly  laminated  arsillaceoiu 
rock,  forming  ])erpeudicular  banks,  and  a  succession  of  shoals  for  5  to  6  mfles  below 
the  town. 

At  ChurchilFs  Bridge,  7^  miles  below  Elba,  this  rock  is  replaced  by  bods  of  day  in- 
terstratifieil  with  thin  layers  of  soft  sandstone,  which  show,  at  intervals,  just  above 
the  surface  of  the  water  ahmg  the  margin  of  the  stream.  To  this  point  the  river  is 
from  100  to  150  feet  wide,  comparatively  straight,  and  the  shoals  form  the  chief 
obstructions  to  navigation.  At  12  or  15  miles  from  Elba  the  banks  become  low  and 
less  resistive,  and  the  stream  more  winding  in  its  course.  At  25  miles  the  white  lime- 
stone develops  itself  in  heavy  be<ls,  forming  mural  banks  for  10  or  12  miles,  and.  by  pro- 
tecting the  adjacent  timber  from  being  undermined,  renders  the  river  free  from  ob- 
structions of  tjiis  kind.  Upon  the  disa])pearance  of  the  limestone,  the  banks  again 
become  low,  and  the  river  enters  a  swam]).  Its  course  become-s  extremely  tortnone ;  its 
volume  often  greatly  diminished  by  outflows  or  cut-offs^  and  the  bed  so  filled  with 
snags  and  fallen  trees  as  to  render  its  passage  extremely  difficult.  At  Stevens's  FerrVi 
50  miles  from  Elba,  the  river  emerges  from  the  Hwamp,  one  of  the  principal  cut-ora 
rejoins  it,  and  the  stream  becomes  broad,  less  winding,  and  free  from  obstmctions from 
thence  to  its  confluence  with  the  Choctawhatchee. 

The  length  of  the  river  from  Elba  to  the  Choctawhatchee  is  about  60  miles,  or  abont 
twice  the  distance  in  a  straight  line.  The  following  is  an  estimate  of  the  cost  of  im- 
proving this  part  of  the  river  to  render  it  navigable  for  barges  and  small  steamboatt 
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for  six  months  in  the  year,  its  navigation  for  a  longer  period  being  considered  im- 
practicable : 

For  the  construction  of  two  dams  and  locks  of  crib  work,  5  feet  high,  for 
overcoming  falls  and  shoals  between  Elba  and  Churchill's  Bridge,  at 

$15,000 $30,000  00 

For  removing  snags  and  fallen  trees 9,250  00 

For  one  snag-boat 7,000  00 

For  dredging  and  rectification  of  channel 7,500  00 

For  300  linear  feet  of  dike,  at  $5 1,500  00 

For  500  linear  feet  of  brush  dam,  at  $3 1,500  00 

56,750  00 

About  nine  thousand  bales  of  cotton  are  made  annually  in  Coffee  County,  of  which 
about  500  are  sold  in  Elba.  Nearly  the  entire  crop  is  hauled  to  Troy,  an  average  dis- 
tance of  35  miles,  at  present  the  most  acc^  ssible  market  for  this  section  of  the  State. 
This  county  also  produces  ab<«ut  50,000  pounds  of  wool.  The  nplauds',  which  are  gen- 
erally finely  timbered  with  yellow  pine,  are  admirably  adapted  to  stock  raising,  and 
the  river  and  creek  bottoms  to  the  cultivation  of  cotton,  corn,  tobacco,  sugar-cane, 
and  rice.  They  yield  largely  of  the  two  latter  crops,  though  the  amount  produced  of 
either  is  commonly  restricted  to  domestic  wants. 

As  a  considerable  development  of  the  country  along  the  river  would  have  to  take 
place,  and  the  production  of  the  above  commodities  very  greatly  increase  in  order  to 
induce  steamboat  navigation,  I  would  consider  any  expenditure,  at  the  present  time, 
for  locks  and  dams  (which  could  only  be  required  for  this  purpose)  premature  and  in- 
advisable. I  am,  toerefore,  of  the  opinion  that  the  work  cited  in  the  foregoing  esti- 
mate, exclusive  of  the  locks  and  dams,  would  provide  amply  for  such  transportation 
as  will  be  required  for  many  years  to  come. 

An  index  map  of  the  Choctaw  ha  tehee  and  Pea  rivers,  showing  their  relation  to 
Pensacola  (the  nearest  port  of  entry),  accompanies  this  report.    The  field  notes  give 
in  detail  my  observations  in  regard  to  the  character  of  the  river. 
Very  respectfully,  your  obedient  servant, 

Hiram  Haines, 

Assistant  Engineer. 

Maj.  A.  N.  Damrell, 

Captain  J  Corps  of  Engineers  f  U,  S,  A, 

71  E 
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INSPECTION  OF  THE  IMPROVEMENT  AT  THE  SOUTH  PASS  OF  THE  MIS- 
SISSIPPI BIVEB. 


REPORT  OF  CAPTAIN  WILLIAM  H.  HEUER,  CORPS  OF  ENGINEERS,  IN- 
SPECTING OFFICER,  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

Kew  Orleans,  La.,  July  21, 1880. 

General  :  I  have  the  honor  to  transmit  the  annual  report  of  the 
progress  of  work  on  the  improvement  of  the  South  Pass  of  the  Missis- 
sippi River. 

The  body  of  the  report  is  made  by  Mr.  C.  Donovan,  assistant  engi- 
neer, who  is  the  local  engineer  in  charge  of  the  surveys  and  examina- 
tions being  made  there. 

An  examination  of  the  report  and  charts  shows  that  at  the  end  of  the 
fiscal  year  there  was  through  the  jetties  a  channel  30  feet  deep,  having 
a  least  width  of  40  feet,  while  the  2G-foot  channel  has  a  least  width  of 
200  feet.  Near  the  head  of  the  passes  in  the  channel  there  is  but  one 
spot  having  a  less  depth  than  26  feet  At  this  point  the  depth  is  25.6 
feet.  One  year  ago  the  depth  at  the  same  place  was  24  feet.  In  other 
words,  there  is  now  a  ship  channel  from  the  Gulf  of  Mexico  into  the 
Mississippi  River  200  feet  wide  and  having  a  depth  of  26  feet,  except  in' 
one  little  spot  just  referred  to. 

A  survey  outside  of  the  jetties  was  made,  covering  about  IJ  square 
miles  of  area,  with  a  view  to  determine  the  amount  of  scour  or  fill  that 
had  occurred.  The  change  since  last  report  was  so  slight  as  to  amount 
to  practically  nothing.  The  survey  showed  a  mean  scour  of  about  .12 
of  a  foot.  The  aggregate  amount  of  deposit  or  fill  in  this  area  from 
1876  to  June  30,  1880,  has  averaged  in  vertical  height  1.04  feet. 

The  very  decided  improvement  in  the  depth  of  water  through  the 
jetties  during  the  year  is  probably  due  to  the  immense  concrete  blocks 
and  walls  placed  on  the  jetties,  which  confined  the  water  within  the  jet- 
ties and  thereby  increased  the  scour.  For  details  of  these  blocks,  their 
size,  subsidence,  &c.,  see  the  detailed  report.  The  report  also  contains 
details  of  all  cribs  and  other  work  done  by  Mr.  Eads  during  the  fiscal 
year. 

Respectfully  submitted.  W.  H.  Heuee, 

Captain  of  Engineers. 

The  Chief  of  Engineers,  U.  S.  A. 


report  of  mr.  c.  donovan,  assistant  engineer. 

United  States  Engineer  Office, 

Port  Eads,  La,,  July  15,  1860. 

Sir  :  In  conipliauco  with  your  verbal  instructions  I  have  the  honor  to  present  herein 
a  report  of  the  progress  made  in  the  improvement  of  South  Pass  of  the  Mississippi 
River,  by  Mr.  James  B.  Eads,  during  the  fiscal  year  ending  June  30, 18d0,  and  also  the 
results  of  examinations  and  surveys  made  during  the  year. 
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UK  AD  OF   PASSES. 

VVitli  Dm^  «)xcc.))ti(>ii  of  *MT]>])or  Dam,*'  the  works  at  this  point  remain  in  substan- 
tially  iIh-  hhiim;  roiiditioii  uh  when  hist  reported  upon  (Juno  30, 1879).  The  work  during 
tint  y<-<'ii'  liiirt  \mcM  vrry  Hli^ht,  eonwisting  in  placin<;  two  tilted  mattresses,  each  60  feet 
loiiK,  '^J  U'.vi  wide,  and  1  foot  thick,  to  close  abn>ak  in  the  extenuion  of  east  T-head 
dam,  and  tw<*nty-live  lioufH'  dredging  to  increases  tlie  width  of  the  36-foot  channel. 

'i'lii'  ahove-im*iilioni'd  work  wjw  done  previous  to  July  *25,  1879. 

in  t\u'  eoiiHtrurticni  of  mattresses  82^  cords  of  willows  were  used. 

l-'roiii  .July  yf)  to  Decemhrr  27,  lH7t),  the  works  here  remained  in  good  condition, 
only  a  Mli^Iit  Kinking  of  tiie  nnittresses  having  occurred.  About  December  27,  owing 
to  tlii^  pH'shtin'  on  tiie  "  rpi)er  Dam,"  caused  by  the  rising  of  the  river,  this  stmcture 
wah  MiMb-rniiiM'd  in  tw(»  i»Ia<'es  and  carrie<l  away.  These  breaks  have  gradually  in- 
f'lvfis'-d,  nnlil,  <»n  .Jnnr  :iO,  they  were  respectively  130  and  (WO  feet  wide,  having  a 
drpf  Ii  of  IH  frrt  of  water  through  them. 

TIm-  niily  poi'iifMi  of  this  dam  which  is  in  place  and  above  average  floo<l  tide  is  490 
fiM-i.  of  t\u'  wrM(«'rn  cikI.  The  otber  portions  not  carried  away  are  still  in  place,  but 
th<-ir  hurfaci's  an*  from  5  1o  12  fret  below  average  Hood  tide.  On  Chart  No.  4  the  por- 
tioiiH  of  this  dam  wliirh  Inive  disai)peared  are  indicated  by  a  broken  line. 

Tho  dcti'iioralion  of  this  dam  has  not  been  detrimental  to  channel  improvement, 
(•M\u'.o.Ui\\y  below  it,  as  there  has  been  a  constant  and,  at  times,  a  rapid  deex>ening  since 
it  was  rn'mpbtrd,  and  especially  during  high  river. 

It  is  considered  that  tins  dam  has  served  the  purpose  for  which  it  was  built,  and 
that  it  will  not  b(»  necessary  to  rebuild  it. 

DAM  AT   BAYOU   GUAXDE. 

No  work  has  been  done  cm  the  dam  across  this  outlet  to  South  Pass  during  the  year. 
Tin*  work  still  renmins  in  fair  condition,  only  a  settling  of  the  mattresses  navinff  oc- 
curn'd.  The  upper  surface  of  the  top  mattress  is  now  2^  feet  below  average  flood 
tide.  The  bayou  above  the  dam  has  become  so  tilled  with  deposit  that  the  average 
depth  of  wiiU'T  tlinmgh  it  is  about  Ai  feet. 

At  high  tide  there  is  a  sluggish  current  through  the  bayou,  and  its  discharge  is 
slight,  btMiig  to  some  extent  obstructed  by  ilood-wood,  which  has  collected  aUove  the 

dam. 

at  the  mouth  of  soitth  pass. 

(«)  East  Jp:tty. 

TIhi  work  at  the  mouth  of  South  Pass  during  the  year  has  been  chiefly  confined  to 
the  building  up  of  this  structure,  as  it  is  tlie  more  important  one,  beii^  subjected  to 
the  majority  of  the  violent  wind  storms  which  visit  this  section. 

The  following  is  a  (tlassitiratitm  of  the  work  on  this  jetty: 

1.  liuilding  and  sinking  of  i-rib  work. 

2.  I'lacing  of  c<»n<'n't«*  lilocks. 

;{.  Ihiilding  paraprt  wall  mi  concrete  blocks. 

4.  Miscelbinroiis  work. 

1st.  liuUtUny  and  Hinklntj  of  crib  irorfc.— This  work  is  for  the  ]mq>ose  of  strengthening 
and  protecting  the  sea  emls  of  tin*  jetties,  and  in  s(Mne  cnses  it  forms  the  foundation 
for  coMcn^te  blocks.  The  cribs  <'onsist  <»f  piles  laid  in  alternate  horizontal  courses, 
crossing  each  other  at  ri;^]it  angles.  The  piles  in  tlu'  tloor  courses  are  ]daccd  in  con- 
tact with  each  other,  and  those  of  the  upper  courses  an*  from  ,')  to  7  feet  apart-,  thus 
forming  comimrtments  from  4  to  (>  feet  s<iuare.  The  ]nles  ar<j  held  t^)gether  by  drift 
bolts  at  evcr^^  p<»int  of  contact,  and  also  by  iron  straps  passing  around  the  exterior 
piles  of  three  or  four  courses. 

In  many  of  the  cribs  the  tloor  is  fornuMl  of  10  by  3  inch  lumbc^r,  and  the  spaces  be- 
tween the  piles  are  closed  by  cliinking,  or  by  inch  ]danks  nailed  on  the  inside. 

These  cribs  an?  built  ou  ways,  ami  when  comph't<'«l  are  launched  and  floated  into 
position,  and  sunk  by  tilling  the  com]>artments  with  stone.  They  vary  soniewliat  in 
form,  according  to  tin*  )»ositioii  they  are  to  occuj>y,  and  are  placed  so  that  the  top  of 
the  crib  will  Im^  at  average  tlood  tide.  A  slofie  is  formed  by  omitting  piles  in  the 
courses  in  one  direction,  and  shortening  th(»se  in  courses  at  right  angles,  or  by  elevat- 
ing one  end  of  the  piles  so  ns  to  form  tlie  desired  slojie,  the  other  eml  being  in  contact 
with  the  h»wer  hori/.<Mital  cours«». 

Cribs  are  built  of  ]ialmettf>.  june,  and  cypn>ss  jdles;  those  constructed  of  palmetto 
piles  are  from  40  t<i  71)  teet  long,  and  from  1.')  to  20  feet  wide,  their  heights  varying 
according  to  the  dej>th  of  water  at  the  point  where  they  are  to  be  placeil.  These  are 
sunk  m*ar  and  about  the  (>xtreine  ends  of  the  jetti(;s,  usually  with  their  greatest  di- 
niension  parallel  to  tin?  axis  of  the  jetty. 

Th(^  other  cl:iss,  denominated  Hpiir  cribs,  are  built  of  pine  or  cypress  piles  and  plank, 
usually  25  tVrct  Uuig  and  20  wide,  with  their  greatest  vertical  'dimension,  with  one  ex- 
ception, not  exceeding  H  feet.  They  are  ])laced  in  shoal  water  at  intervals  along  eithw 
aide  of  the  jetties,  with  their  length  per])endicular  to  the  axis  of  the  jetty,  and  seirv 
to  strengthen  the  concnite  wall,  and  break  the  swells  which  race  along  the  sea  aide  of 
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the  coDcretc  blocks  with  iinderminiQg  effect ;  (hi-y  -n-ill  also  serve  as  a  fouodation  for 

upon  gome  of  til       '      "      " 

built  QDil  placed  in  position  about  the  east 

111  Dumber 


ermining  effect 
ropoaeoto  plac 


Jetty 

Oa  Cbnrt  No.  5  is  fpven  a  plan  of  the  end  of  Ibe  jettiea.  Hlinni 
«ml  position  of  iiribsia  place,  and  a  'Urosa-soction  of  tlie  vast  ji 
11,77a  feet  from  East  Point,  which  willaetvetofiliow  the  construction  of  thi;ni. 

The  followluK  table  gives  the  dimensioiia,  conteuta,  oharactisr,  ^o.,  of  each  crib 
placed  dnring  ibu  year,  and  their  position  with  reference  to  either  iotly,  Tlie  number 
''"""'"  """"  ding  to  that  given  in  the  table  will  be  found  on  the  plan  abovs 

Table  gieiiig  dii(i«n«ii»i«,  character,  aitd  locatUm  qfcrHi. 
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Jetty. 
HaUod  11 

.,  dtation  11 

_  Jetty. 
.'  Station   113,   rivei 

Eut  Jetty. 
.   StiKlont194-N.rl^ 

But  Jelty. 


a  aide,  Eut 

iSBldcWut 

iB8iiie,lVa.t 


,  HiB  aide,  But 
,  B«i  aide.  But 


I     Jettj- 

I  Istitlonlll+MO.tlvBrridB, 

Weat  JsUy. 
I    atatlOD]14+M,rlTerBida, 

Kaat  Jetty. 
.  Sea  aide,  end  We*t  Jetty. 
"    "  ir  treatlo,  end  W»t 

Id  Eut  Jetty, 
aeo  aidH,Weit 


»  Bli'^  e 


.  StAtion  110,  aea  Hide,  Baat 
Jettv. 
Sea  Biae.  mi  But  Jottj. 


. .  I  KlTernide.i:nd  East  Jetty. 


*>,ll!  ,1,t«l   fl,lB3   S.K10, 


In  sinking  these  cribs  3,801  oabi'e  yanis  st«ne  liavit  been  used;  in  addition,  i'A  cnblo 
yards  mao^am  and  13  -cnbic  yards  ^avol  were  placed  in  crib  thirty^eight,  and  30 
cubic  yards  macadam  and  16  cubic  yM^s  gravel  in  crib  thirty-scveu. 

'id.  i'larinjo/poncre/triloeitB.— The  work  preparatory  t<i  the  placing  of  these  blocks  of 
artillcial  stone,  tkat  is,  preparing  the  fonndation,  bnilding  the  elevated  railway^  for 
the  transportation  of  tke  mixed  concrete,  A,c.,  has  been  fnlly  described  in  a  previona 
report  (see  Annual  or  12th  Report,  1878-79,  page  6).    November  15,  preparationa 


1126     BEPOBT  OF  THE   CHIEF  OF  BNGINEEBS,    V.   S.   ABUT. 


were  begnn  for  the  cod  tin  nation  of  this  irork  on  the  East  Jetty  npirards  ftom  Stktion 
93  +  96,  where  it  tcrtninated  Jaly  1 ,  1979.  • 

The  elevated  railnar  wax  conlimicil  from  the  same  point  to  its  present  terminus 
(Station  65  +  15),  a  distance  of  3,ei61  feet;  l,155feetnf  this  length  was  built  by  tnnt- 
feiring  all  that  portion  of  s  similar  railway  on  the  Weat  Jett;  above  &  cemeBt :  Uw 
remaining  1,720  feet  is  of  nen  constructioD. 

Up  to  Jnly  1,  HO  concrete  lilockd  were  placed  aliove  Station  93  +  96,  -which  brinn 
the  present  terminus  of  tbie  work  to  Station  65  +  15  or  6,515  feet  below  East  Point,  tEs 
commencement  of  Iho  east  jetty.  These  blocks  averaue  about  20.1  teet  in  lengdi,  an 
3  feet  thick,  nod  Tary  in  wiiltli  from  4  to  4^  fpet,  and  are  Beparat«d  by  a  disunoe  of 
about  -ft  of  a  foot. 

On  Jnly  1,  l»J9,  the  sea  cnil  of  the  concrete  blocks  was  »t  St-ation  116  +  33,  to- 
mhiating  witl>  block  nnnibcr  ninety-one,  which  Imil  been  underniiued  and  biokfo. 
This  block  hna  been  rebnilt,  and  tlio  work  extended  M'award  to  Statiua  117  -f-  73,  ■ 
distance  of  140  feet,  by  the  atldilion  of  three  blocks,  nnmbercil  rcapectively  oiuMf- 
two,  ninety-three,  ami  ninety-fonr. 

These  blocka  rest  upon  crib  foundations,  and  are  of  Ihe  following  dimenrions: 

N».  Si,  51.6  feet  long,  10.6  feet  wide,  and  3.6  feet  thick. 

No.  93,  46.3  feet  long,  10.8  feet  wide,  and  4.0  feet  thick. 

No.  94,  41.9  fet^t  long,  12.0  feet  wiile,  anil  4.6  feet  thick. 

The  average  weight  of  these  blocks  is  about  158  tons,  the  heaviest  (No.  94)  being 
180  tons. 

Thoae  blocka  were  built  with  their  ends  in  contact,  thns  making  one  continnoos 

The  present  tennini  of  the  concrete  blocka,  that  is,  Stations  65  +  15  and  117  +  73, 
are  fixeil  as  points  beyond  which  it  will  nut  bo  neccssnry  to  carry  this  work,  ftt  IsMt 
for  the  present. 

Nnnil>er  of  linear  ffiet  of  concrete  blocks  built 8,951 

Nuu-licrof  cubic  yarilsof  concrete  UHcd   1,471 

Number  of  cnbioyanls  of  gmvel  in  foniutntion 781 

The  following  tables  arc  prej(ent4!d,  as  they  give  in  detjiil  information  regarding  the 
sotlling  of  the  concrete  blocks: 

Tabten  thoKtag  eleralian  of  eoncrrle  hiMkt,  at  rarionf  ^ates,  above  tht  plane  of  avtrvf 
flood-lidt,  and  the  lotal  nHbtidente  of  earJi  (iloek  from  the  date  of  the  firtt  obtenatiim. 
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above  original  elevation. 
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WEST  JETir— ABOVE  STATIOS  101+25 
'         '        T        5       I        S'         Si 
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»  2.M  2.  so  2.4B 

n  -i-m  '  ^if  i.ffi 

»)  V.S0  2-40  a.4T 
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iM 

^Kl 

2.W 
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2.21 
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:LI3 

€i( 
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2.20 

i20 

:!.» 
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siau 
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2. 2d 
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2.W 

2.W 
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2.2s 

!*■ 

a.  30 

2.27 

iST 

ft    7 

».» 

2.3t 

2.2V 
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2.  IS 
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2.30 
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2.15 
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I.  tS    1.  S»     L  51 


2.4S,2.43     2.43     < 


2.  SO    2.4T 
2.31     2.2T 
2.2s    2.2» 
2. 30    2.  Ml    2.3 
2.32    2.S 


2.B2     2.S9'2S; 


23     221     2.21     2.21     1 
2.32     231     2.ao     I 


1.02     I.gH.  l.M     l.T> 
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3d.  Building  of  paTaprt  waU  on  rancnte  t/nobi.— This  wall  above  Station  101  +  89  b 
hiiilt 'if  nilililii  Hii>iii:  wltli  Hiirfn«e  TOiKlil.v  Irrdxeil,  aad  laid  in  luortnT  compoMdOf 
two  !■■■'''' "^  I)'!")  t"  <■'■<'  "^  Cffnixit  it  IK  3  fi'i't  in  width,  itnd  varies  in  liel^t  from 
8.!lt  fdHt  t»ti.li  feiit,  ucimrdiitfCM  liectevstioDi  of  the  iindorlying  blocks  require  tamak* 
tbe  ii|iMt  Hurfncii  of  thapnrapot  aUou   4.r>fi«!t  above  averaeu  flond  tiite. 

Co  Jnoe  3«  fti«m  wan  2,937  fi-i-t  of  IIiiH  wull  oomnleted  betWi^PD  StatiojiB  66  +  16 
and  ni+VH,  b-uviii((  7:i0  tiiet  In  Ik:  biiitt  bi-.lween  Statiuiia  3T  +  ^fi  nii.l  EM4.S0  to 
conplnUi  IdH  wnll(>viTthi>r'iiii:nili-  blnitkH  in  placu  above  Stat  inn  irtl-{-8^ 

Itrlnw  SUtioii  KM -(-15  thiH  unll  in  built  of  coiicn'lii  (tbo  saiuo  aa  the  fonadatiOB 
blocko)  mil  Into  a  v<>iitiiiiu)UH  niold  or  troiiRb  bnilt  on  the  underlfing  Uooki;  It  ia 
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completed  to  Station  116  +  33,  thus  fnmiing  nito  solid  block  1,41?  feet  long,  4  feet 
wide,  aud  varying  in  tbiclcneBs  from  3.5  tu  4  feet,  according  to  tbo  elevation  of  the  un- 
deryJiuj;  blocka.  Ah  this  wait  was  built  the  spaces  between  the  blocks  were  filled 
with  concrete,  thus  consolidating  this  [lortion  of  the  work. 

Tiie  pointo  at  which  levels  were  taken  on  the  concrete  blocks  to  determine  their 
settlement  could  not  of  course  be  used  or  referred  lo  after  the  parapet  wall  was  bnilt; 
and  jiointa  were  establislied  100  feet  apart  ou  the  upper  snrfoco  of  tne  wall,  and  levels 
taken  at  these  poiutH. 

Kumber  of  linear  feet  of  rubble  parapet  bnilt 2,937 

Niitnber  of  cubic  yards  of  masonry 783 

Huuiber  of  linear  feet  of  concrete  parapet  built 1,418 

Number  of  cubic  yards  of  concrete  used 777 

The  extent  of  the  above  work  is  repreaentod  on  Cbart  No.  2,  and  explained  in  a  note 
thereon. 

Tbe  following  table  gives  the  elevation  and  subsidence  of  tbo  ^arajiet  wall  at  points 
100  feet  apart,  from  levels  taken  at  various  dales,  referred  to  the  plane  of  average 
flood  tide : 


Tabh 

giving  etevatioa 
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A.  IS 

B.e3 

0.1E 

0.03 
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..  do 

t 

in 
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ol+w^v/^v^v^v/^v^v"."v.::: 

SCntioii  IW+IS,  (Dil  eitenda 
ta  aB+t3. 

IB+» 

1134     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    U.    8.   ASMY. 

4^^.  Miscellaneous  work  — On  the  sea  side  of  the  east  jetty  254  cubic  yarda  of  atone 
iiave  beeu  placed  between  Stations  112  and  116  as  a  protection  to  the  concrete  blocks 
from  the  underniining  action  of  the  sea,  which  at  some  points  has  caused  the  blocks 
to  tilt  seaward  slightly,  and  these  blocks  show  the  greatest  depression,  as  will  be  seen 
by  preceding  tables. 

From  Station  75  to  80  116  cubic  yards  of  gravel  and  84  cubic  yards  of  stone  have 
been  placed  on  the  river  side  of  the  concrete  ulocks  as  a  protection  to  their  foundation, 
and  54  cubic  yards  of  stone  were  used  in  preparing  the  foundation  from  Station  66  to 
77.  Between  Stations  75  and  85  49  cubic  yards  of  macadam  and  44  cubic  yards  of 
gravel  have  been  placed  on  the  river  side  of  the  blocks j  15  cubic  yards  of  macadam 
and  105  cubic  yards  of  gravel  have  been  placed  on  the  nver  side  between  Stations  66 
and  75 ;  between  Stations  63  and  ()5  the  surface  of  the  jetty  has  been  covered  by  106 
cubic  yards  of  marl,  which  was  balhist  material  discharged  from  vessels  here.  Between 
the  cribs  at  the  end  of  the  jetty  10;i  cubic  yards  of  stone  were  placed. 

The  sand  reef  east  of  the  ea]Bt  jetty  (called  base  line  reef)  is  about  400  feet  fhrther 
landward  than  it  was  February  3, 1879,  nud  it  has  increased  in  area  since  Febmary  13, 
last. 

In  consequence  of  the  movement  of  this  reef,  before  the  concrete  blocks  were  boilt, 
much  sand  was  thrown  over  the  jetty  into  the  channel,  causing  it  to  shoal  in  that 
vicinity. 

The  present  location  of  this  reef  is  shown  on  Chart  No.  2. 

In  order  to  hold  this  reef  at  ita  present  junction  with  the  jetty,  203  cords  of  willows 
weighted  with  35  cubic  yards  of  stone  have  been  placed  as  represfmted  on  Chart  No.  Sl 

(&.)  West  Jetty. 

But  little  work  has  been  done  on  this  jetty  during  the  year  ;  three  spur  cribs  have 
been  placed  on  the  sea  side  at  Stations  112,  114,  and  115,  and  four  on  the  river  side  at 
Stations  110,  111,  111  -}-  80,  and  113.  Two  palmetto  cribs  have  been  ])laced  near  bat 
seaward  of  the  end  of  th(^  jetty.  The  construction  of  these  cribs  is  the  same  as  de- 
scribed for  the  east  jetty  ;  their  location  is  shown  on  Chart  No.  5,  and  their  dimensions^ 
&,c.,  are  given  in  the  tablti  concluding  section  I  east  jetty. 

Above  Station  89,  or  4,8*20  feet  below  pile  one,  at  which  point  the  concrete  blocks 
terminate,  the  work  of  raising  the  surface  of  this  jetty  was  commenced  August  27, 
1879,  at  which  time  there  was  considerable  leakage  over  the  jetty  at  this  i>oint.  The 
stone  was  first  removed  along  th<^  axis  of  the  jetty,  and  x>laced  tem]>orariiy  on  either 
side,  leaving  a  trench  from  5  to  7  feet  wide,  the  bottom  of  which  was  the  upper  surface 
of  the  top  mattress.  This  trench  was  then  filled  with  gravel,  which  was  worked  down 
into  the  mattresses ;  stone  was  then  added  and  the  surface  leveled  off  to  an  elevation 
of  1  foot  above  average  Hood  tide.  This  work  has  been  completed  for  a  distance  of 
1,500  feet  above  the  termination  of  the  concrete  blocks,  while  it  has  been  commenced 
and  both  stone  and  gravel  used  over  an  additional  length  of  1,400  feet.  Along  the 
whole  distance  (2,900  feet)  2,678  cubic  yards  of  gravel  and  1,434  cubic  yards  of  stone 
have  been  used. 

On  the  river  side  of  the  concrete  blocks  at  Station  112,  152  cubic  yards  of  stone  have 
been  ])laced  as  a  protection  to  their  foundation  ;  36  cubic  yards  of  macadam  was  also 
placed  along  the  river  side  of  the  blocks  at  different  points  below  Station  102;  76 
cubic  yards  of  marl  (ballast  material)  were  ])laced  on  the  jetty  near  Station  70;  and 
70  cubic  yards  of  gravel  placed  on  the  river  side  of  the  concrete  blocks  from  Station 
99  to  101. 

The  concrete  blocks  on  this  jetty  show  no  serious  displacement,  as  will  be  seen  by 
reference  to  the  tables  concluding  section  2,  east  jetty. 

The  sand  reef  west  of  the  west  jetty,  shown  on  Chart  No.  2,  terminated  300  feet  ftom 
the  jetty,  at  Station  89,  on  January  19.  This  reef  was  connected  with  the  Jetty  by  a 
layer  of  loowi  willows,  weight<^d  with  stone.  Since  then  more  willows  and  stone  have 
been  added,  making  the  total  quantity  of  material  used  280  cords  of  willows  and  98 
cubii"  yards  of  stone.  This  connection  was  nuule  in  onler  to  induce  reef  formation, 
and  lo  obstruct  a  current  on  the  sea  side  of  the  jetty,  caused  by  water  flowing  over 
the  jetty  and  through  Kipp  Dam. 

Vatn  at  Vicayune  liayou. — The  dam  across  this  bayou,     ^ich  is  about  three-fifths  of 

mile  above  South  Pass  light-house,  has  been  strengtheneu  *he  addition  of  34  oorda 
of  willows. 

Additional  plant. — At  times  during  the  year  when,  on  account  of  wind  from  a  sonth- 
erly  or  southeasttTly  direction,  it  was  necessary  to  discontinue  work  on  the  Jetties^ 
the  force  was  employed  in  distributing  tallast  which  had  been  discharged  from  ves- 
sels, re)>airing  wharves,  walks,  buildings,  &c. 

The  wharf  in  front  of  the  hot<'I  has  been  entirely  rebuilt  and  considerably  enlarged. 
It  is  now  133  feet  long  and  38  feet  wide.  A  new  slaughter-hous(*,  30  feet  long  and  25 
feet  wide,  has  been  built  on  the  west  shore  of  the  pass  opx)osite  East  Point ;  also  a 
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building  24  feet  long  and  20  feet  wide  on  the  wharf  at  East  Point,  to  serve  as  quarters 
for  tlie  crew  of  the  dredge- boat  Bay  ley. 

Repairs  have  been  made  to  two  dwelling-houses,  and  three  houses,  together  with 
the  hotel,  have  been  repainted. 

EXAMINATIONS  AND  SURVEYS. 

During  the  year  the  work  constituted  under  this  head  has  been  as  follows : 

Periodical  surveys,  to  determine  whether  a  channel  of  required  dimensions  was 
maintained  through  the  jetties  and  at  the  head  of  South  Pass ;  sediment  and  velocity 
observations ;  discharge  observations,  including  the  three  passes ;  observations  to 
determine  the  slope  of  South  Pass ;  tidal  observations;  levels  on  concrete  blocks,  &c., 
together  with  more  extended  surveys,  charts  of  which  accompany  this  report,  and 
office  work  required  for  the  reduction  and  plotting  of  the  whole. 

At  the  Head  of  Passes. — I  have  extended  the  survey  at  this  point  further  up  stream 
than  it  has  been  extended  since  before  the  inauguration  of  the  works  of  improvement, 
in  order  to  ascertain  the  available  channel  depth  from  the  main  river  iuto  South  Pass, 
and  to  make  a  comparison  with  a  similar  survey  made  in  June,  1875,  by  the  officers  of 
the  Coast  Survey,  and  thus  to  note  the  changes  iiroduced  by  the  works  here  after  a 
lapse  of  five  years.  The  chart  of  this  survey  is  No.  4.  Without  entering  into  a  long 
and  tedious  comparison  to  deter  ine  the  areas  and  amounts  of  scour  and  fill,  I  win 
endeavor  to  present  graphically  the  results  of  my  determinations,  so  that  at  a  glance 
an  idea  may  be  formed  of  the  changes  in  the  channels  during  the  period  under  consid- 
eration. 

On  Chart  No.  5  are  given  comparative  cross-sections  I J  and  G  H,  taken  respectively 
250  and  2,120  feet  above  U])per  Dam ;  the  extremities  of  the  lines  denoting  the  location 
of  these  sections  are  noted  on  Chart  No.  4  by  letters  corresponding  to  those  on  the 
sections.  Profiles  of  linos  A  B,  C  D,  and  E  F,  Chart  No.  4,  are  also  ^ven  on  Chart 
No.  5.  These  sections  and  proHles  are  formed  from  Coast  Survey  soundings  made  June, 
1875,  and  soundings  made  by  United  States  engineers  in  June,  18d0.  From  an  inspec- 
tion of  them  it  will  be  seen  that  but  little  change  has  taken  place  in  Southwest  Pass; 
a  shoaling  is  indicated  below  the  mattress-sill  in  the  location  at  which  the  profile  is 
taken,  though  on  the  whole  there  ha«  been  a  slight  deepening  below  this  sill.  North- 
east Pass  shows  a  quite  uniform  deepening,  while  South  Pass  has  greatly  increased  in 
depth.  The  deepening  in  South  Pass  above  A  cluster,  which  was  the  shoalest  portion 
on  April  11,  1H79,  has  been  very  rapid  since  that  date,  and  al60  since  December  2, 
1879,  as  will  be  seen  from  an  inspection  of  the  profiles  made  from  soundings  taken  on 
ttose  dates.  At  the  location  where,  on  July  10,  1879,  there  was  a  channel  26  feet 
deep  and  50  feet  wide,  there  now  exists  (June  7,  1880)  a  30-foot  channel  400  feet  wide. 

On  June  7  there  was  a  channel  from  the  main  river  int.o  South  Pass,  having  a  depth 
of  28  feet  and  width  300  feet,  with  a  central  navigable  depth  of  28.8  feet. 

The  decrease  in  area  of  section  I  J  is  evident  from  inspection,  while  the  influence  of 
Upper  Dam  extends  as  far  up  as  section  G  H,  which  has  also  decreased  in  area  about 
2,475  square  feet  during  five  years.  The  efl:ect  of  Upper  Dam  on  the  improvement  of 
the  channel  from  the  nver  into  the  pass  may  be  traced  to  about  1,000  feet  above  it. 

The  survey  of  South  Pass  was  continued  to  the  head  of  Goat  Island  in  order  to  as- 
certain the  depth  over  the  shoal-  area  about  1^  utiles  below  the  head  of  the  pass.  This 
survey  is  shown  on  Chart  No.  4.  The  area  in  question  has  increased  in  depth  so  that 
on  June  3  the  least  depth  was  25.6  feet,  where  but  24  feet  existed  one  year  ago.  This 
portion  of  the  pass  was  alone  surveyed  at  this  time,  as  it  contained  the  only  shoal 
area  in  the  pass  liable  to  require  deepeniug  in  order  that  a  26-foot  channel  may  exist 
through  the  pass  itself.  A  survey  of  the  whole  pass  will  be  made  when  the  river 
reaches  it«  low  stage,  as  such  a  survey  only  can  be  comparable  with  previous  surveys, 
all  of  which  were  made  during  low  river. 

Discharge  and  slope  ohsen-ations, — When  practicable,  discharge  observations  in  the 
three  passes  are  made  each  mouth  at  the  time  when  the  moon  is  at  its  zero  declination ; 
it  often  occurs,  however,  that  these  days  are  too  stormy  for  field  work,  and  conse- 
quently these  observatious  cannot  be  made  so  frequently  as  desired. 

In  connection  with  these  observati(ms,  and  at  other  times,  though  always  at  moon's 
zero  declination,  the  slope  of  South  Pass  has  been  observed  since  April  12.  Gauges 
were  established  every  mile  above  South  Pass  light-house,  and  at  Stations  22,  50,  80, 
and  110  ou  the  jetties  below,  whose  zeros  correspond  with  the  reading  at  average  flood 
tide  on  the  gauge  at  South  Pass  light-house,  and  were  established  by  levels  referred 
to  this  plane.  Two  series  of  readings  were  taken  each  day  that  observations  were 
made,  except  on  June  27,  when  only  one  series  was  taken.  The  results  of  these  ob- 
servations are  given  in  full,  both  graphically  and  in  tabular  form,  on  Chart  No.  5. 
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The  following  table  gives  the  results  of  Bimnltaneons  discharge  obBeryations  in  the 
three  passes  since  June,  1876 : 

Tiible  giving  results  of  simitltaneous  discharge  ohservaHona, 


Date. 


Discharge  in  cubic  feet  i>cr  second. 


i 

o 
to 


1877. 
May  21 
May  22 
Sept.  10 

1878. 
Juno    8 

1879. 
Dec.   19 

1880. 
Jan.    30 

Apr.  21 

Mean.. 


;  68,387.9 
I  71,2,54.8 
,  26,688 

i  01,561.6 

I 

'  37,  893.  5 

68, 181. 2 

78, 410. 4 


00 

Is 


^ 


276,  280 
277, 450 
125,  898 

245,  501. 2 

166,  894. 7 

281, 792. 9 

327,  916.  2 


S  CO 

c"         I 
^  I 


292.  387 
292,  224.  5 
119,069 

264,  822.  8 

167, 822.  8 

290, 699. 4 

367,199.4 


o 
H 


637,  054.  9 
640.  929.  3 
272,  255 

571,  885.  6 

372,  611. 1 

640,  673.  5 

773,  526 


Per  cent,  of  total 
discharged  by — 


I 


^    30 


CO 


I  10.7  I  43.4 

I  11. 1  '  43.  3 

I    9.  8  I  46.  2 

,  10.  8  I  42.  9 

I  I 

10. 2  I  44. 8 

10. 6  ,  44. 0 


10. 1     42. 4 


45.9 
45.  6 
44.0 

46.3 

45.0 

45.4 

47.5 


10.  5  1  43.  8  1  45. 7 


eS 

Bo 

QQ 


Remarks. 


10.8 

10.9 

0.4 

10.7 

3.3 

1L8 

14.2 


Riyer  Btattonanr. 

Do. 
Biyer  riding. 

Biver  rising  sUi^tly. 

Do. 

River  stationaxy,  tip 
of  rise. 
Do. 


The  channel  through  the  jetties, — In  Appendix  A  are  given  copies  of  the  oertifioatet  of 
United  States  Engineer  Officers  in  charge  of  the  inspection  of  the  works  of  improye- 
ments,  surveys,  &c.y  during  the  year;  they  serve  to  show  the  condition  of  the  chMOiMl 
during  the  greater  portion  of  the  year. 

At  a  point  1,000  feet  below  East  Point  thfe  26-foot  channel,  which  is  now  200  feet 
wide,  decreased  in  width  about  ()0  feet  since  June  11, 1879  ;  otherwise,  the  channel  im- 

Srovenient  has  been  very  marked  during  the  year,  as  will  l>e  seen  by  comparing  Chart 
o.  2  with  the  chart,  of  a  corresponding  number  in  the  last  annual  report. 

The  least  depth  through  the  jetties  at  ])re8eut  is  31  feet,  and  the  least  width  of  the 
3U-foot  channel  is  40  feet ;  this  width  exists  at  ])oint8  between  1,000  and  2,000  feet  be- 
low East  Point,  an<l  between  the  sboal  areas  beyond  the  ends  of  the  jetties  the  leaM 
width  of  this  channel  is  70  feet. 

Below  a  point  2,600  feet  from  East  Point  the  least  width  of  the  30-foot  channel  is 
120  feet,  except  between  the  areas  above  referred  to. 

By  an  inspection  of  Chart  No.  2,  and  a  comparison  with  previous  charts,  the  chan- 
nel imi)rovenient  below  (Station  65  -}-  15)  where  the  concrete  work  coramencee  on 
the  esist  jetty  is  very  evident.  This  iniproveiuent  is  due  to  the  building  up  of  thif 
jetty  as  indicated  ou  Chart  No.  2  {hvc  note  thereon),  and  thus  contiuinga  largo  volume 
of  water  which  previously  e8cai)ed  ov<^r  it. 

The  30-foot  channel  near  the  end  of  the  jetties,  which  was  very  narrow  on  May89| 
and  was  maintained  during  the  year  by  considiTablo  dredging,  has  increased  in  width 
since  that  date,  so  that  on  J  uly  1  it  was  230  feet  wide  in  its  narrowest  place.  This  T»pid 
improvement  was,  no  doubt,  caused  by  the  building  of  the  last  140  feet  of  concrete 
blocks. 

The  depth  of  water  east  of  the  east  jetty  and  west  of  the  west  jetty  has  increaaed 
below  the  sand  reefs,  while  above  them  it  has  shoaled  so  that  it  is  less  than  1  foot  at 
average  flood  tide. 

The  following  table  gives  the  minimum  de]>ths  of  th<»  channel  from  East  Point  down-. 
wards,  in  lengths  of  2,000  feet,  at  various  dates,  and  serves  to  show  the  channel  \mh 
provement : 
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Table  shamng  depths  through  the  Jetiiet  at  various  dates. 


Diatance  in  feet  from  East  Point. 


Date. 

0  to 
3,000. 

2,000  to 
4,000. 

4,000  to 
6,000. 

6,000  to 
8,000. 

8,000  to 
10,000. 

10,  000  to 
12,000. 

1875. 
Jane 

22.5 

23.3 
23.5 
22.0 

24.1 

18.7 

20.3 
19.6 
20.3 

21.1 

16.7 

* 

22.0 
21.0 
2L1 

23.2 

10.2 

21.0 
23.5 
21.2      ! 

22.0 

9.7 

I 

1 

17.1 
23.0 
2L1 

21.2 

9.2 

1976. 
May 

15.0   ** 

August 

19.8 

m  ovember 

20.3 

1877. 
Karohl6 

20.5 

April  2 

2L3 

April  22 

20.5 

Kay  10 

22.1 

21.4 

19.5 

May  24 

17.8 

JXIW     28 T.....T.,.T 

18.0 

Julys 

24.9 

24.0 

23.5 

July? 

23.8 

Julys 

26.0 

1 

July  28 

""'1 

20.3 

Augnst  30 

20.8 

September  28 

20.7 

October  25 

24.4 

21.0 

If  oTember  3 

26.3 

2a6 

IfoTember  13 

24.2 

December  1 

2L3 

December  7 

23.0 

December  14 

23.7 

1878. 

23.0 

ir^bni^ry  2  . ,     .  

22.8 

23.2 

Marrh  13                     

20.5 

Marob  ?4                   

26.0 

25.9 

M^rnii  ^    ,  X , . ,   

35.5 

March  26 

25.4 

March  27 

24.3 

Aprils 

23.0 

Mays 

23.2 

May  23 

22.8 

Jvm^  8   - ,   , . ,,  -  ^  --.-,. , 

92.2 

* 

22.0 

July  2 

21.9 

28.4 

26.4 

S5.7 

December  3 

27.1 

25.3 

23.0 

December  28. x...           x...x.. 

28.0 

1879. 

23.9 

February  13 

22.2 

24.8 

Mamh  19 

38.6 

27.5 

4S.4 

27.0 

27.0 

MarnV*  «7    

27.0 

27.0 

M!ay  IS 

26.5 

27.5 

Jnne  12 

47.7 

29.2 

29.2 

June  14....... .T........r 

28.0 

Jane  18 

2a4 
SO.  7 

SO.  5 

31.0 

30.7 

SO.  5 

Anfrnst  15    ........r , 

29.0 

SLO 

October  7 

SO.  5 

'SO.  5 

Decembers 

S1.0 

31. 0 

48.3 

December  4 

SL7 

31.8 

30.8 

1860. 
January  2 

3L1 

3L8 

32.0 

Tebroary  7 

3L1 

30.9 

March  5 

"  3L6*"* 

.; !..!      8L6 

I      30.6 

72  B 


1138  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMY. 

Table  shotcing  depths  (hrough  the  jetties,  <fc. — Continuod. 


• 

Date. 

1880. 

Distance  in  feet  from  Eatt  Point. 

0  to 
2,000. 

2,000  to 
4,000. 

4,000  to 
6,000. 

6,000  to 
8,000. 

8, 000  to 
10,000. 

lQ,OWto 
12,001. 

AnrilO... 

3L3 
82.1 

3L0 
88.3 

SOlS 

Mav  3 

33.0 
3L0 

8L4 

Jnne  29 

32.5 

.Tnn A  30 

47.8 

81.4 

35.1 

July  6 

SLO 

Survey  beyond  the  ends  of  the  jetties, — ^The  survey  of  the  fan-shaped  area,  containiiiff 
abont  li  square  miles,  just  seaward  of  the  ends  of  the  jetties  was  made  in  June,  ima 
is  ffivcn  on  Chart  No.  3.  The  soundings  on  this  chart  have  been  com|>ared  with  those 
taEen  in  July,  1879,  and  the  scour  or  nil  in  each  subdiyision  determined.  Tbit  final 
result  shows  a  mean  scour  over  the  whole  area  of  0.12  of  a  foot,  a  result  so  inaiirniftcaiit 
that  we  may  well  consider  that  there  has  been  no  chanse  in  this  area  during  the  year. 
The  areas  which  show  a  shoaling  are  2, 3,  and  9,  and  all  of  those  in  the  first  tier  neaiMt 
the  ends  of  the  jetties,  viz,  13, 14,  15,  16,  17,  18,  19,  20,  and  21. 

Why  there  has  been  so  little  change  over  this  area  as  compared  with  jveTioos  jMn 
may,  I  think,  be  accounted  for  by  the  building  up  of  the  east  jetty,  which  omimied 
the  water  and  maintained  the  strong  current  created  by  the  recent  high  riveTi  and 
thus  carried  the  sediment  beyond  the  limits  of  the  survey. 

The  following  table  gives  the  comparisons  at  different  dates  in  detail  of  the  qnaii- 
tities  of  water  lu  21  subdivisious  of  a  fan-shaped  area  containing  about  li^  sqnftre  milet 
immediately  seaward  of  the  ends  of  the  jetties : 
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The  movement  of  the  various  curves  of  equal  depth  have  been  determined  by  oom- 
paring  those  of  July,  1879,  with  those  of  June,  18^,  by  measuring  ordinates  50  feet 
apart  at  right  angles  with  a  conunon  base ;  the  mean  ordinate  of  each  curve  on  tbe 
two  charts  under  consideration  is  obtained,  and  their  difference  ia  the  advanoe  or 
recession  of  the  curve. 

The  following  table  gives  the  movement  of  curves  from  July,  1879,  to  Jnne,  1880: 


DesignatioD  of  curve. 


20' 


30' 


40^ 


SC 


Advanced  fleawai-d,  in  f»*<t 95        18  !    223  ! 

Recoded  landward,  in  feet ' ; !      33 

ill 


W 


06 


70* 


26 


StK 


W  I  lor 


65'     131 


I  wish  to  acknowledge  the  service  of  Assistant  Engineer  Tliomas  L.  Raymond,  wbo 
has  rendered  valuable  assistance  during  the  year  by  close  application  to  duty  and  tbe 
accuracy  of  his  work.  Mr.  G.  \V.  Lawes  has  also  rendered  valuable  assistance,  espe- 
cially as  a  draughtsman. 

Very  resi)ectlully,  your  obedient  servant, 

C.    DOKOVAK, 

Capt.  W.  11.  IlKrEK, 

Corps  of  Eiujinecrs. 


A. 

The  following  are  copies  of  certificates  regarding  the  maintenance  of  channel  at 
the  mouth  and  \\mh\  of  South  Piiss  of  the  Mississippi  River,  which  were  forwardfldti 
the  Ii<m.  Secretary  of  War,  through  the  Chief  of  Engineers,  by  the  United  8UftM 
Engineer  OfUcers  in  charge  of  the  inspection  of  the  works  of  improvement  during  tin 
year. 


CERTIFICATE  OF  TlIK  UNITED  STATER  ENGINEER  INSPECTING  OFFICER  OF  THE  FIBff 
quarter's  maintenance  (in  1879),  BY  JAMES  B.  EADS,  OF  THE  26  AND  30  FOOTCHAlh 
NELS  AT  THE  MOUTH  OF  SOUTH  PASS,  MISSISSIPPI  RIVER,  DESIGNATED  BT  THX  BSVSBU 
ACTS  OF  CONGRESS. 

Lawrence,  Mass.,  Ninember  18, 1871. 

I  certify  that  between  the  dates  of  July  8, 1879,  and  October  30,  1879,  Mr.  JaoMiB> 
Eads  maintained  a  channel  for  three  months  through  the  jetties  at  the  month  of  fiostk 
Pass,  Mississippi  River,  26  feet  in  depth  and  not  less  than  SNK)  feet  in  width  at  tht 
bottom,  and  having  through  it  a  central  depth  of  30  feet  without  regard  to  width. 

During  the  aforesaid  interval  of  time  there  were  22  days  when  a  fiftilnre  ooeamA 
in  some  part  to  maintain  intact  such  a  channel.  This  failure  was  on  the  l4thy  UA 
16th,  and  17th  of  August,  for  the  first  period ;  from  August  27  to  September  11,  ineli' 
sive,  for  the  second  period ;  and  from  October  23  to  the  251^,  two  aays,  for  the  tkM 
period. 

During  the  whole  of  the  interval  from  July  8  to  October  30  a  fireely  navigable  ehir 
Del,  having  a  greater  depth  than  26  feet,  has  been  maintained  at  tiie  head  of  Boitk 
Pass. 

The  minimum  condition  to  which  the  chtinnel  deteriorated  from  the  14th  to  the  17tk 
of  August,  1H79,  inclusive,  and  from  the  27th  of  August  to  September  11,  inclniiv^ 
and  for  tbe  two  <lays  from  October  23  to  25,  are  indicated  in  the  following  nfatiiiiifal^ 
applying  to  the  mouth  of  South  Pass. 

Augwtt  14. — Opposite  Station  20  the  .'tO-foot  channel  was  lackincF  for  aboat  l:BiN( 
in  length,  and  the  least  depth  of  water  in  the  best  channel  was  28.5  feet. 

August  ir>. — On  the  bar  just  inside  the  last  wing-dam  the  30-foot  channel  wasliifik- 
ing  for  aborit  90  feet  in  length,  and  27. IS  feet  or  ^  feet  were  indicated  aa  pteMaV 
although  a  sounding  was  lacking  in  the  place  needed  to  show  a  continaooa  !*«•  w 
that  dei)th  available  for  navigation. 

In  the  same  vif^inity  and  at  the  same  date  the  26-foot  channel  was  dttfleient  k 
width  for  about  210  feet  in  length,  its  least  width  being  about  155  feet. 

AuguHt  27. — The  30-foot  channel  near  Station  74  was  lacking  for  about  130  ftelb 
length  ;  the  least  depth  in  the  deepest  channel  was  about  28.8  feet. 

AuguHt*iiH, — At  the  same  place  the  30-foot  channel  had  closed  np,  ao  thatUwtf 
la<'king  for  only  30  feet,  and  29..^)  feet  was  found  in  the  deficient  interviil. 

AuguHt  28. — ttust  above  the  upper  wing-dam,  near  Station  10,  the  30Libot  ehaoBii 
was  lacking  for  about  500  feet  in  length,  and  28.7  fei^t  was  found  as  the  least  dtpA 
in  the  intervals  for  the  deepest  channel. 
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August  28. — Between  near  Stations  10  and  20,  for  800  or  900  feet  in  length,  the  26-foot 
channel  was  less  than  200  feet  wide,  its  least  width  being  about  150  feet. 

September  4. — Near  Station  10  the  30-foot  channel  was  lacking  for  about  750  feet,  and 
about  29  feet  was  the  greatest  depth  found. 

October  23. — ^The  26-foot  channel  wa«  deficient  in  width  oj)posite  Station  28  for 
about  200  feet  in  length,  its  least  width  being  about  180  feet. 

I  certify  that  the  £U)ove  statements  present  truly  the  results  of  official  surveys  made 
at  South  Pass,  Mississippi  River. 

M.  R.  Brown, 
Captain  of  Engineers,  U,  S,  A. 


CERTIFICATE  OF  THE  UNITED  STATES  ENGINEER  INSPECTING  OFFICER  OF  THE  SECOND 
quarter's  MAINTENANCE  (IN  1879  AND  1880),  BY  JAMES  B.  EADS,  OF  THE  26  AND  30 
FOOT  CHANNELS  AT  THE  MOUTH  OF  SOUTH  PASS,  MISSISSIPPI  RIVER,  AS  DESIGNATED 
BY  THE  SEVERAL  ACTS  OF  CONGRESS  AUTHORIZING  AND  PERTAINING  TO  THIS  IM- 
PROVEMENT. 

Lawrence,  Mass.,  February  16,  1880. 

I  certify  that,  between  the  dates  October  30,  1879,  and  February  15,  1880,  both 
dates  inclusive,  Mr.  James  B.  Eads  maintained  a  channel  for  three  months  ''through 
the  jetties"  at  the  mouth  of  South  Pass,  Mississippi  River,  ''26  feet  in  depth  and  not 
less  than  200  feet  in  width  at  the  bottom,''  and  naving  through  it  *'a  central  depth 
of  30  feet  without  regard  to  width." 

During  the  aforesaid  interval  of  time  there  were  seventeen  days  when  a  failure 
occurred  in  some  part  to  maintain  such  a  channel. 

This  failure  was  from  November  3  to  the  15th,  both  dates  inclusive,  according  to 
official  surveys  made  on  November  3  and  again  on  November  16.  But  on  November 
10  the  channel  was  claimed  as  restored,  although  stormy  weather  prevented  the  veri- 
fication of  this  claim  until  November  16. 

Failure  also  occurred  in  some  part  and  degree  from  the  21st  to  the  24th  of  November, 
both  dates  inclusive. 

During  tlie  whole  of  the  interval  from  October  30,  1879,  to  February  15,  1880,  both 
dates  inclusive,  a  freely  navigable  channel,  having  a  greater  depth  than  26  feet,  has 
been  maintained  at  the  head  of  South  Pass. 

The  minimum  conditions  to  which  the  channel  deteriorated  from  the  3d  to  the  15th 
of  November,  inclusive,  and  from  the  21st  to  the  24th  of  November,  inclusive,  are  indi- 
cated in  the  following  statement  applying  to  the  mouth  of  South  Pass: 

November  3,  1879,  within  but  near  the  ends  of  the  jetties,  the  30-foot  channel  was 
lacking  for  about  300  feet  in  length  and  the  least  depth  of  water  in  the  best  channel 
through  the  shoal  portion  was  2^.8  feet.  The  30-foot  channel  was  restored  in  this 
locality  after  6^  hours  of  dredging,  according  to  a  survey  on  November  4.  In  the  same 
vicinity,  but  nearer  the  ends  of  the  jetties,  the  26-foot  channel  was,  on  November  3, 
found  to  be  deficient  in  width  for  a  length  of  250  feet :  instead  of  having  the  required 
width  of  200  feet,  the  minimum  width  was  158  feet.  The  dredge-boat  worked  on  ^is 
shoaling  until  November  10,  and  it  was  then  reported  for  survey  by  Mr.  Eads's  repre- 
sentative as  restored  to  the  normal  width;  but  on  account  of  stormy  weather  a  survey 
could  not  be  made  until  November  16,  and  then  the  above  designated  channel  was 
restored  to  its  proper  width,  the  dredge-boat  having  worked  in  restoring  if  18^  hours. 

November  6,  between  Stations  70  and  110,  the  26-ioot  channel  was  deficient  in  width 
in  five  places,  aggregating  about  1,200  feet  in  length.  The  least  width  was  165  feet. 
Portions  on  these  deficient  stretches  were  successively  restored  to  the  proper  depth, 
according  to  surveys  made  November  7, 10,  and  16,  after  dredging  had  been  prosecuted 
42  hours.  * 

November  6  the  30-foot  channel  was  interrupted  in  three  places,  aggregating  160 
feet  in  length,  and  the  least  depth  in  any  of  these  shoal  iiortions,  m  the  deepest 
channel  found,  was  29.5  feet. 

The  deficiencies  were  easily  removed  while  dredging  to  restore  the  deterioration  in 
the  width  of  the  26-foot  channel,  just  above  noted. 

November  21,  between  stations  70  and  100,  the  26-foot  channel  was  deficient  in  width 
in  three  places,  aggregating  335  feet  in  length,  and  the  least  width  here  was  163  feet 

Also,  on  November  21,  between  Stations  75  and  101.  the  30-foot  channel  was  inter- 
rupted in  four  places,  aggregating  in  length  about  420  feet,  and  the  least  depth  where 
the  deficiency  existed,  in  the  deepest  channel,  was  29.1  feet. 

These  deficiencies  in  the  26  and  30  feet  channels  were  found  all  restored  by  the  survey 
ending  November  S^,  after  37^  hours  of  dredging,  which  included  the  time  spent  in 
dredging  still  another  area  where,  on  November  24,  the  30-foot  channel  was  wanting 
in  two  places,  aggregating  about  125  feet  in  length,  and  where  the  least  depth  in  the 
deepest  water  was  28.8  feet. 

Between  November  3,  when  the  first  deficiency  in  the  second  quarter's  maintenance 
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was  discovered,  aod  November  10,  when  Mr.  Eads's  representative  reported  this  de- 
ficiency removed,  the  dredge  Bayley  worked  61|-  hours,  on  seven  days,  and  daring 
the  stormy  weather  which  prevented  a  survey,  from  November  10  to  November  16,  the 
dredge  worked  24  hours  in  all,  on  the  13th,  14th,  15th,  and  16th  of  November. 

Altogether  the  dredse  Bayley  worked  in  maintaining  and  restoring  the  ohannel  148| 
hours  in  November,  53  hours  in  December,  4  hours  in  .ntnuary,  and  up  to  February  10, 
inclusive,  23  hours  in  this  month  of  February. 

Accompanying  this  certificate  are  charts  which  present  the  condition  of  the  cluuinel 
at  the  times  and  in  those  places  where  a  deficiency  existed,  marked  No.  2,  No.  3,  No. 
4,  No.  5j  and  No.  6,  respectively. 

I  certify  that  the  above  statements  present  truly  the  results  of  official  surveys  made 
at  South  Pass,  Mississippi  River. 

M.  R.  Brown, 
Captain  Engineen, 
U,  S.  Engineer  Inspector  of  South  Paw  Jetties  Improvtment. 


UNITED  STATES  INSPECTING  OFFICER'S  CERTIFICATE  FOR  MAINTENANCE  OF  CHANNEL 
AT  SOUTH  PASS  OF  THE  MISSISSIPPI  RIVER,  AS  DESIGNATED  BY  AN  ACT  OF  CONGRESe^ 
APPR0\T:D  MARCH  3,    1«79. 

United  States  Engineer  Office, 

Fort  EadSf  La.,  May  9,  1880. 

I  certify  that  between  the  dat.es  of  February  10,  1880,  and  May  9, 1880,  both  dates 
inclusive,  Mr.  James  B.  Eads  maintained  ''a  channel  through  the  jetties"  at  the  month 
of  South  Pass  of  the  Mississippi  River  'Hwenty-six  feet  in  depth,  not  less  than  two 
hundred  feet  in  width  at  the  bottom,  and  haviug  through  it  a  central  depth  of  thirty 
feet  without  regard  to  width." 

W.  H.  Heuer, 

Captain  Bnglmeerf. 


United  States  Engineer  Office, 

PortEadB,  La,,  May  14,  1880. 

I  certify  that  between  the  dates  of  February  10,  1880,  and  May  9,  1880,  both  dates 
inclusive,  a  navigable  chaunel,  having  a  greater  depth  than  26  feet  at  average  flood 
tide,  was  maintained  at  the  head  of  S^uth  Pass,  Mississippi  River. 

W.  H.  HkUBR, 
Captain  of  EnginearB, 


FINANCIAL  statement. 

Amount  available  from  appropriations  for  examinations  and  sur- 
veys at  South  Pass  of  tne  Mississippi  River  June  18,  1880 $7, 528  38 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$27,588  38 

Amount  expended  from  June  18  to  June  30,  18«0 2,372  16 

Amount  available  July  1,  1880 25,156  92 

Amount  available  July  1, 1879 28,826  37* 

Amount  appropriated  by  act  of  Juno  14,  1880  20, 000  00 

48,82537 

Amount  expended  during  the  fiscal  year  ending  June  30,  1880, 

as  follows :  As  jMjr  accounts  of  Capt.  M.  R.  Brown  from  July 
1,  1879,  to  April  9,  1880 17,947  68 

As  per  accounts  of  Capt.  D.  W.  Lock  wood  from  April  9,  1880, 
to  June  18,  1880 2,792  24 

As  per  accounts  of  Capt.  W.  H.  Heuer  from  Juno  18  to  June 
30,  1880 2,372  16 

Amount  allotted  ''Mr.  James  Eveleth,  Agent  Engineer  Depart- 
ment," Washington,  D.  C,  "to  pay  clerk  employed  by  direc- 
tion of  the  honorable  Secretary  of  War,  at  tne  War  Depart- 
luent,  to  June  30, 1880,  at  the  rate  of  |1,0<K)  per  annum.  (See 
letter  of  December  J  7,  1879,  from  Chief  of  Engineers) 557  07 

23,669  15 

Amount  available  July  1, 1880 25,156  » 
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KSTIMATE  OF  FUNDS  REQUIRED  FOR  EXAMINATIONS  AND  SURVEYS  AT  SOUTH  PASS  OF 
THE  MISSISSIPPI  RIVER  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30^  18&2. 

Two  assistant  engineers |4,000''00 

Two  steam  engineers 2,400  00 

Ten  seamen * 7,800  00 

Rent  of  officers'  quarters 432  00 

Rent  of  assistant  engineers'  quarters 240  00 

MUe&se  and  travelinff  expenses 500  00 

Fuel  for  steam  lanncnes 1,000  00 

Repairs  to  launches  and  boats 1,500  00 

Materials  and  supplies  for  launches 500  00 

Stationery  and  supplies  for  office 400  00 

Freight,  telegrams,  express  charges,  &c., • 300  00 

Contingencies 1,000  00 

Total 20,072  00 

W.  H.  Heuer, 
Captain  of  Engineers,  U.  8,  A. 
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IMPROVEMENT  OF  THE  HABBOB  OP  NEW  ORLEANS ;  OP  PEABL  BIVER, 
MISSISSIPPI;  OF  TANGIPAHOA,  AMITE,  AND  VEBMILLION  BIVEBS, 
AND  BAYOUS  TEBBEBONNE,  TECHE,  COUBTABLEAU,  AND  LAFOURCHE, 


LOUISIANA;   AND  OF  SABINE  PASS,   TEXAS. 


report  of  major  c\  fv.  howell,  corps  of  engineers,  offickr  in 
charge,  for  the  fiscal  year  ending  june  30,  1880,  with  other 
documents  relating  to  the  works, 

United  States  Engineeb  Office, 

New  Orleamj  La.,,  July  20, 1880. 

Genebal  :  I  have  the  honor  to  forward  herewith  the  annual  report 
for  the  fiscal  year  ending  June  30, 1880,  of  the  various  works  of  river 
and  harbor  improvements  under  my  charge. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 


Brig.  Gen.  H.  G.  Wbight, 

Chief  of  Engineers^  U.  S,  A. 


Major  of  Engineers. 


M  I. 

IMPROVEMENT  OF  HARBOR  AT  NEW  OBLEANS,  LOUISIANA. 

HISTOBY. 

This  work  originated  from  a  survey  made  in  the  winter  of  1877  and 
1878,  under  the  direction  of  a  Board  of  Engineers,  convened  at  the  re- 
quest of  the  city  authorities  of  l^ew  Orleans,  to  consider  plans  for  the 
protection  of  the  harbor  front  of  New  Orleans  from  the  effects  of  caving 
banks  of  the  Mississippi  along  that  front.  (See  Eeport  of  the  Chief  of 
Engineers,  1878,  volume  I,  Appendix  J  10.) 

The  United  States  assumed  charge  of  the  work  in  1878,  aud  an  appro- 
priation of  $50,000  was  made  for  ite  commencement. 

Under  this  appropriation  work  was  begun  and  continued  by  hire  of 
labor  and  purchase  in  open  market  until  the  appropriation  was  ex- 
hausted. (See  Eeport  of  Chief  of  Engineers,  1879,  Appendix  K  1,  and 
this  report.) 

By  act  of  Congress  approved  March  3, 1879,  further  appropriation  was 

made  to  the  amount  of  $60,000,  and  under  this  the  work  was  put  out  at 

contract.    (See  this  report.) 
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By  act  of  Congress  approved  June  14,  1880,  appropriation  of  $75,000 
was  made  for  continuance  of  improvement,  and  this  it  is  i>ropo8ed  to 
offer  at  contract.     (See  this  report.) 

The  Avork  for  the  fiscal  year  ending  June  30, 1880,  has  been  such  m 
indicated  in  my  report  for  1879,  viz : 

The  balance  of  the  ai)propriation  of  1878  ($14,931.39)  has  been  ex- 
pended in  continuance  of  the  work  by  Lire  of  labor  and  purchase  in 
open  market,  and  the  appropriation  of«  1879  has  been  put  out  at  con- 
tract. 

WORK  UNDER  BALANCE  OF  APPROPRIATION  OF  1878. 

In  regard  to  this  I  submit  the  following  exti-acts  from  my  monthly 
reports : 

July, — Aharjje  load  of  caneflwiis  rectjivixl  July  14,  and  tliowork  of  weaving  mate 
was  reHiimcd  July  15.  Eloveu  uiatH,  20()  by  26  feet,  were  placed,  matting  30,800  super- 
licial  feet  of  bank;  80  piles  were  driven  in  line  between  the  wharf  at  the  head  of 
Marigny  street  and  lower  side  of  wharf  at  Post  No.  24,  between  Spain  and  £nghieu 
streets,  third  district. 

Twen^-four  piles  wore  pulled  at  different  points  along  the  line  of  the  piles  driven. 

July  26. — The  work  of  w(?avin^  an<l  sinking  mats  was  again  suspended  on  account 
of  failure  of  contractor  in  supplying  cane.     *     »     * 

August — EAiriujUf  the  mouth  22  mats,  200  by  26  fet^t,  were  placed,  matting  61,600 
superficial  feet  of  the  river's  bank,  or  S08  running  feet  frontage ;  211  sections  of  mat 
were  woven,  and  3,987  bags  for  ballast  were  filled  with  sand.  Seven  days  were  lost 
by  failure  or  contractor  to  keej)  a  supply  of  cane  at  the  works,  and  three  days  lost  by 
stormy  weather. 

August  22. — The  ways  barge  was  sunk  during  a  severe  storm. 

«  «  «  «  «  «  • 

September, — Fourteen  mats,  200  by  26  feet,  and  1  mat,  175  by  26  feet,  were  placefi, 
matting  41,650  superficial  feet  of  the  river  bank.  September  1  a  severe  storm  com- 
menced, increasing  to  a  hurricane,  resulting  in  the  following  loss  to  the  work,  not- 
withstanding every  effort  was  made  to  save  the  property  : 

One  ways  barge  broke  up  and  went  to  pieces,  valued  at $475  00 

One  sand  barge  sunk,  valued  at 75  00 

Sixty  tons  of  sand  lost  on  sand  barge 33  00 

Damage  to  pile-driver,  loss  of  sand  bags  filled,  say 50  00 

Total  damage  (estimated) 633  00 

Twelve  piles  were  driven  during  the  month.  Owing  to  the  losses  above  reported 
the  work  of  making  and  placing  mats  was  suspended  after  September  1  until  the  22d, 
when,  a  barge  having  been  purchased  and  fitted  up  as  a  ways  barge,  the  work  of  plac- 
ing mats  wa^  resumed  and  continued  during  the  remainder  of  the  month  •        •        « 

October, — The  work  of  manufacturing  and  placing  mats  was  continued  to  October  15, 
when  operations  were  suspended  on  account  of  exhaustion  of  the  appropriation  of  June 
18,  1878.  Twenty-seven  mats,  200  by  26  feet,  were  placed,  matting  75,600  superficial 
feet  of  the  river  bank.    *    *    * 

The  principal  items  in  the  foregoing  extracts  snm  up  as  follows,  viz : 

Number  of  carpets  laid 74 

Running  feet  of  front  covered 1,116 

Square  feet  of  river  bed  covered  (=  16,628  sc^uare  yards) 149, 650 

If  it  had  been  possible  to  have  laid  the  carpets  with  the  same  regu- 
larity as  they  could  have  been  laid  above  water,  tbey  would  have  cov- 
ered 207,200  square  feet  =  23,022  square  yards. 

The  loss,  therefore,  due  to  the  variable  currents  and  eddied  that  dis- 
turb the  laying  of  the  mats,  is  about  25  per  cent. 

Making  an  estimate  in  the  manner  of  report  of  1879,  and  taking  the 
balance  of  appropriation  of  1878  ($14,931.39)  for  our  purpose,  the  follow- 
ing results,  viz : 

Cost  per  square  yanl  covered « t0.89-|- 

Cost  per  running;  foot  of  front 13.384" 
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The  figures  go  toward  conflrmiDg  the  opinion  expressed  in  iny  report 
of  1879,  viz :  That  experience  would  result  in  a  great  reduction  of  cost — 
a  reduction  to  $10  or  less  per  running  foot 

Estimate  based  on  the  laying  of  Uie  last  9  mats  put  down  shows  a 
further  reduction,  viz,  83  cents  per  square  yard  and  $8.68  per  running 
foot ;  but  these  mats  were  laid  under  favoring  circumstances,  and  th& 
figures  cannot  be  taken  as  a  sound  basis  for  estimate  of  the  work  done 
and  yet  to  be  done  on  that  portion  of  the  harbor  front  obstructed  by 
shipping  and  caved-in  wharves.  It  is,  however,  no  doubt,  large  for  un- 
obstructed portions  of  the  harbor  front. 


In  prosecuting  the  work  above  reported  much  annoyance  and  delay 
was  caused  by  the  shipping  in  the  harbor,  and  it  was  found  necessary 
to  move  from  point  to  point  on  the  line,  leaving  breaks  to  be  filled  in  as 
the  shipping  was  removed  from  their  front.  This  was  done  so  as  to 
inconvenience  as  little  as  possible  all  parties  concerned,  and  the  line 
of  mats  was  finally  made  continuous  with  exception  of  one  gap  left  open 
on  account  of  construction  of  a  ferry  slip  at  the  head  of  Elysian  Fields 
street.    It  is  now  observed  that  the  xwrtion  of  the  harbor  front  above 
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• 

this  break  has  stood  well  during  the  year,  while  the  two  wharves  below 
the  break  (which  were  covered  by  the  mattiog)  have  given  way. 

This  may  suggest  that  continuity  of  the  line  of  protection  should  be 
preserved  from  its  point  of  commencement  at  the  foot  of  the  battore  to 
the  lowest  point  in  the  river  bend  needing  protection. 

It  is  further  suggested,  inasmuch  as  the  two  wharves  referred  to  have 
been  heavUy  loaded  with  merchandise,  since  the  placing  of  the  protec- 
tion work  in  front  of  them,  that  the  weight  of  this  merchandise  has  had 
much  to  do  with  the  giving  way  of  the  wharves. 

This  is  indicated  by  the  manner  in  which  the  wharves  have  gone  down, 
as  illustrated  by  the  diagram  on  page  1147. 

It  is  the  center  of  the  wharves  (where  the  merchandise  is  generally 
pil^)  that  gives  down,  and  the  lower  corner  of  the  T  head,  about  which 
there  is  usually  an  eday. 

If  the  wharves  were  more  substantially  built  with  piling  extending  to 
a  suitable  depth,  and  if  the  piling  of  heavy  merchandise  on  top  of  them 
should  be  prevented,  the  matting  in  front  will  protect  them  from  tiie 
action  of  the  river  currents,  and  I  have  no  doubt  that  they  would  stand 
securely. 

With  a  view  toward  getting  full  information  regarding  the  causes 
affecting  the  stability  of  wharves,  I  had  a  record  kept,  in  the  usual  form, 
of  all  p3es  driven  during  the  year.  This  record  has  not  yet  been  care- 
fidly  studied,  but  a  brief  examination  shows  great  irregularity  in  the 
<}haracter  of  the  holding  ground  afforded  the  piles.  This  matter  will  be 
made  the  subject  of  further  study  during  the  present  year. 

The  river  is  yet  at  too  high  a  stage  for  examination  of  the  work  now 
down  to  ascertain  its  condition. 

It  was  suggested  last  year  that  the  shrimps  (which  are  known  to  eat 
the  oakum  out  of  the  seams  of  vessels  lying  in  port)  might  attack  the 
spun-yam  used  in  construction  of  the  'mats.  Some  experiments  were 
therefore  made,  serving  to  indicate  that  there  is  nothing  to  be  feared 
from  this  cause  of  deterioration. 

After  suspension  of  work  in  October,  the  record  of  the  year  is  only  one 
of  the  care  of  property  left  on  hand,  and  the  completion  of  arrangements 
for  continuance  under  contract. 

CONTINUANCE  BY  CONTRACT. 

Appropriation  of  $60,000  was  made  by  act  of  Congress  approved  March 
3, 1879.  Under  date  of  April  6, 1879, 1  was  officially  notified  of  appro- 
priation and  directed  to  submit  project. 

Project  was  submitted  under  date  of  April  12. 

Under  date  of  September  6, 1  submitted  for  approval  specifications, 
&c.,  and  requested  authority  to  publish. 

September  17, 1  published  advertisement  asking  for  proposals. 

October  20,  bids  were  opened. 

The  following  is  an  abstract : 
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By  direction  of  the  Chief  of  Engineers  the  bid  of  A.  L.  Gervin  and 
C  W.  Sargent  was  accepted  and  due  notice  given  to  these  parties  to 
present  themselves  and  bondsmen  to  enter  into  contract.  These  bid- 
ders failing  (Mr.  Sargent  refusing  to  enter  into  contract),  authority  was 
given  to  contract  with  John  Eoy  (the  next  lowest  bidder). 

Accordingly,  on  the  26th  of  December,  articles  of  agreement  were  en- 
tered into  with  Mr.  Eoy  and  in  due  time  approved. 

The  body  of  the  agreement  is  as  follows,  viz : 

This  agreement  witnesseth  that,  in  conformity  with  the  advertisement  and  specifi- 
cations hereunto  attached,  and  which  form  a  part  of  this  contract,  the  said  Cnarles 
W.  Howell,  for  and  in  behalf  of  the  United  States  of  America,  and  the  said  John 
Roy,  for  himself,  his  heirs,  execntors,  and  administrators,  have  mutually  agreed,  and 
by  these  presents  do  mutually  covenant  and  agree,  to  and  with  each  other,  as  follows, 
viz :  To  manufacture,  furnish,  and  place  an  artificial  covering  of  cane  mats  over  the 
sloping  portion  of  the  river-front  of  the  third  district  of  New  Orleans,  La.,  in  a  simi- 
lar manner  and  in  continuation  of  the  same  work  as  has  been  done  heretofore  under 
the  direction  of  the  said  party  of  the  first  part,  and  as  set  forth  in  said  specifications 
and  proposals  herewith  attached. 

It  IS  further  agreed  between  the  contracting  parties  aforesaid  that  the  said  party  of 
the  second  part  may  place  his  ^uide-piles  7  feet  apart,  from  center  to  center,  instead 
of  6  feet  apart,  as  provided  for  in  said  specifications,  for  the  reason  that  14  feet  clear 
width  of  each  mat  is  calculated  to  cover  that  portion  of  the  line  measured  along  the 
guide-piles. 

It  is  further  agreed  between  the  said  contracting  parties  that  the  said  party  of  the 
second  part  shall  have  all  his  plant  and  material,  and  have  made  his  arrangements  to 
commence  and  shall  commence  the  laying  of  mats  on  or  before  the  date  at  which  the 
Mississippi  River,  after  the  flood  of  1879  and  1880,  shall  have  fallen  to  a  stage  repre- 
sented on  the  Carrollton  gau^e  as  a  7-foot  stage. 

For  and  in  consideration  ot  the  said  party  of  the  second  part  faithftilly  complying 
with  his  agreement,  the  said  party  of  the  first  part  agrees  to  pay  to  the  said  party  of 
the  second  part,  or  his  heirs,  executors,  and  administrators,  the  sum  of  65  cents  per 
square  yard  for  all  such  sloping  portion  of  the  river  bank  as  the  said  mats  may  cover 
to  the  satisfaction  of  the  said  party  of  the  first  part,  less,  each  payment,  the  percent- 
age specified  hereinafter,  which  is  to  be  held  until  satisfactory  completion  of  contraot. 

I  am  informed  that  the  contractor  has  his  arrangements  made  to  com- 
mence as  per  agreement,  which  will  probably  be  some  time  in  July,  1880. 

Under  the  appropriation  of  June  10,  1880— $76,000 — ^it  is  proposed  to  j 
commence  work  in  the  Carrollton  Bend  (section  Iso.  1  of  this  work),  be-  | 
ginning  at  the  foot  of  the  battare  in  this  bend,  and  making  the  work  [^ 
continuous  down  stream.  The  work  to  be  let  out  at  con&act.  The  ,i 
specifications  to  be  similar  to  those  of  present  contract.  1 

The  reasons  are  these:  i 

1.  The  present  contract  will  probably  cover  all  of  section  No.  2. 

2.  Even  if  it  does  not,  it  would  be  troublesome  to  have  two  contractors 
working  on  section  No.  2  at  the  same  time. 

3.  The  section  No.  1  has  been  considered  in  a  dangerous  condition  for 
the  past  few  years. 

4.  The  Board  of  Engineers  placed  it  next  in  importance  to  section 
No.  2. 

6.  The  experience  to  be  gained  on  it  will  be  of  greater  value,  in  con- 
sideration of  plans  for  bank  protraction  and  general  river  improvement, 
than  can  be  given  on  any  other  part  of  the  work  about  the  harbor  of 
New  Orleans. 

The  following  statistics  regarding  the  commerce  of  the  port  of  New 
Orleans  for  the  year  ending  June  30,  1880,  have  been  kindly  furnished 
by  the  collector  of  the  port.  General  A.  S.  Badger: 

Steam  vessels  entered 451 

Sailing  vessels  entered 725 


(^.._u 


Total 1,17« 
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Tonnage  of  steam  vessels tons..  795,450 

Tonnage  of  sailing  yessels do...  402,979 

Total 1.198,429 


Steam  vessels  cleared 575 

Sailing  vessels  cleared 722 

Total 1.297 


Tonnage  of  steam  veRselR tons..      810,915 

Tonnage  of  sailing  vessels do...      397,456 

Total 1,208,371 


IMPORTS. 

Specie $230,901  00 

Free  commodities 4,625,596  00 

Dutiable 5,723,419  00 


Total 10,579,916  00 


KX  PORTS. 

Domestic  commo<litios $9,238,757  00 

Foreign  commodities 176,443  00 


Total 9,415,200  00 


Total  amoimt  collected  on  imports 2,080,598  57 

The  work  is  locat-ed  in  the  collection  district  of  Now  Orleans,  and  the  nearest  light- 
lionae  on  the  river  is  at  the  head  of  the  passes. 

Its  degree  of  permanence  is  yet  a  matter  of  doubt. 

To  continue  the  work  of  improvement  under  the  present  project  an 
additional  appropriation  of  $200,000  is  recommended  for  the  fiscal  year 
ending  June  30, 1882. 

Original  estimated  cost $476,000  00 

Amount  appropriated 185,000  00 

Amount  expended 51,911  23 

Money  statement 

Jnlyl,  1879,  amonnt  available |74,931  ;» 

Amount  appropriate  by  act  api)i*oved  June  14,  1880 75, 000  00 

$149,931  39 

•July  1,  1880,  amonnt  expended  during  fiscal  year 16, 604  27 

■July  1,  1880,  outstanding  liabilities 238  35 

16, 842  62 

.Jnlyl,  1S80,  amonnt  available 133,088  77 


Amonnt  (estimated)  required  for  completion  of  existing  project 291, 000  00 

.  Amount  that  can  be  profitably  ex pended  in  fiscal  year  ending  June  ^)0, 18t:f2 .    200, 000  00 


M    2. 

IMPROVKMEXT  OF  PKARLTUIVER,  MlSSISSim,  FROM  JACKSON  TO  CAR- 
THAGE. 

This  work  originated  from  an  examination  wliicli  was  provided  for  by 
Congress  in  the  river  and  harbor  act  of  1878,  report  of  which  survey 
will  be  found  in  the  Annual  Keport  of  the  Chief  of  Engineers  for  1879, 
Appendix  K  2. 
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In  the  river  and  harbor  act  approved  March  3, 1879.. appropriation  of 
$6,000  was  made  for  commencing  the  work  between  Jackson  and  Car- 
thage, and  (see  report  above  cited)  it  was  proposed  to  expend  this 
amount  (as  far  as  it  would  go)  by  contract  in  removing  obstructions 
tJiat  it  was  estimated  would  cost  $21,000  to  remove. 

In  preparing  specifications  for  the  work  so  as  to  trim  the  latter  to  suit 
the  amount  appropriated,  and  yet  be  of  as  much  benefit  to  navigation 
as  possible,  it  was  decided  to  limit  the  work  to  those  obstructions  tihat 
would  most  embarrass  navigation  at  a  stage  5  feet  above  the  low- water 
stage  of  the  river. 

After  approval  of  these  specifications,  and  after  the  work  had  been  duly 
advertised  under  them,  bids  were  received  and  opened  on  October  20. 

The  following  is  an  abstract  of  the  bids  received : 
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J.  S.  Hamilton  &  Co.  being  the  lowest  responsible  bidders  the  contract 
was  awarded  them,  and  articles  of  agreement  duly  entered  into  under 
date  of  November  20, 1879,  and  approved  under  date  of  December  1, 
1879. 

The  following  is  the  body  of  the  agreement : 

This  agreement  witnesseth  that,  in  conformity  with  the  advertisement  and  specifi- 
cations hereunto  attached,  and  which  form  a  part  of  this  contract,  the  said  Charles  W. 
Howell,  for  and  in  behalf  of  the  United  States  of  America,  and  the  said  J.  S^  Hamilton  &, 
Co.,  for  themselves,  their  heirs,  executors,  and  administrators,  have  mutually  agreed, 
ana  by  these  presents  do  mutually  covenant  and  agree,  to  and  with  each  other,  as  fol- 
lows, viz : 

To  perform  the  work  of  removing  obstructions  to  navigation  in  Pearl  River  between 
Jackson,  Mississippi,  and  Carthage,  Mississippi,  marked  A  to  P,  inclusive,  in  con- 
formity w^th  their  proposal,  copy  attached,  and  as  set  forth  in  said  advertisement 
and  specifications. 

• 

At  the  time  agreement  was  entered  into  the  river  was  at  too  high  a 
stage  for  commencement  of  work.  Under  date  of  March  11,  1880,  the 
contractors  informed  me  that  they  were  ready  to  commence,  and  called 
for  an  inspector  to  aid  them  in  recognizing  the  work  provided  for  in 
their  agreement.  An  inspector  (the  assistant  who  made  the  examina- 
tion) was  at  once  dispatched  to  perform  the  duty  (provided  for  in  agree- 
ment). 

The  duty  was  performed  and  duly  reported  to  me. 

Since  that  I  have  been  informed  by  the  contractors  of  progress  in  their 
work  to  this  effect :  That  they  have  been  engaged  on  such  work  required 
of  them  as  could  be  done,  the  stage  of  the  river  considered,  viz,  the 
cutting  of  trees  on  bank,  and  that  they  would  attend  to  the  other  work 
as  the  river  fell,  so  as  to  permit  them  to  work  to  advantage. 

Under  the  agreement  no  further  inspection  will  be  required  until  the 
contractors  claim  that  they  have  fulfilled  their  part  of  the  agreement. 

In  the  river  and  harbor  act  approved  June  14, 1880,  there  was  further 
provision  made  for  this  work  to  the  amount  of  $7,500. 

The  following  project  for  expenditure  of  this  amount  has  been  sub- 
mitted, viz : 

PROJECT. 

It  is  proposed  to  continue  the  improvement  by  the  removal  of  all 
obstructions  (not  covered  by  present  contract)  to  a  5-foot  low-water  nav- 
igation from  the  bridge  at  Jackson  to  the  highest  point  on  the  stream 
above  that  the  appropriation  will  cover,  and  also  to  let  out  this  work  at 
contract. 

Specifications  drawn  in  accordance  with  the  above  project  have  also 
been  submitted. 

The  work  is  located  in  the  State  of  Mississippi,  and  the  nearest  light-house  is  on  the 
Rigolets,  opposite  mouth  of  West  Pearl  River. 

The  work  is  not  considered  permanent  because  it  appears  quite  certain 
that  the  channel  opened  will  gradually  fill  in  places  with  drift,  &c. 

To  complete  the  improvement  of  this  river  under  the  present  project  an 
additional  appropriation  of  $7,500  is  recommended  for  the  fiscal  year 
ending  June  30, 1882. 

Original  estimated  cost |21,000  00 

Amount  appropriated 13»500  00 

Amount  expended 213  03 
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Money  statement 

July  1,  1879,  amount  available $6,000  00 

Amoimt  appropriated  by  act  approved  Juue  14,  1880 7, 500  00 

$13, 500  00 

July  1,  1880,  amount  expended  during  fiscal  year 213  03 

July  1,  1880,  amount  available 13,286  97 

Amount  (estimated)  required  for  completion  of  existing  project 7, 500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  7, 500  00 


M  3. 
IMPROVEMENT  OF  PEARL  RIVER,  BELOW  JACKSON,  MISSISSIPPI. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  June  18,  1878,  a  report  of  which,  together  with  plan  and  esti- 
mate, was  published  in  Report  of  the  Chief  of  Engineers  for  1879,  Appen- 
dix K  2. 

By  act  of  Congress  approved  June  14, 1880,  the  sum  of  $30,000  was 
appropriated  for  its  commencement. 

It  is  proposed  to  commence  the  work  of  improvement  at  Jackson  and 
continue  it  down  stream,  so  tar  as  the  amount  appropriated  will  permit,  by 
removing  from  the  banks  all  overhanging  trees  and  disposing  of  them  in 
such  manner  that  they  may  not  again  become  obstructions  to  navigation. 
Also  to  clear  a  passage-way  100  feet  wide  through  the  tish-traps  situated 
a  short  distance  below  Jackson,  and  to  remove  from  the  bed  of  the  river 
all  trees,  logs,  and  snags  found  in  it  to  a  depth  of  at  least  5  feet  below 
low-water  mark,  or,  where  such  depth  of  water  does  not  exist,  to  the 
bottom  of  the  river,  said  trees,  logs,  and  snags  to  be  placed  in  cut-ofls 
or  run-out  bayous,  or  where  cut-offs  or  run-out  bayous  are  not  available, 
to  place  them  on  the  banks  and  burn  them  or  otherwise  dispose  of  them 
so  that  they  shall  not  again  become  obstructions  to  navigation. 

The  work  to  be  done  by  contract  and  award  to  be  based  on  the  number 
of  miles  proposed  to  be  improved  for  the  amount  of  money  available. 

The  original  estimate  for  this  work  was  $95,940,  or  $65,940  more  than  has 
b(^n  appropriated,  and  it  is  therefore  recommended,  for  the  continuance 
of  the  work  under  the  present  project,  that  an  additional  appropriation 
of  $65,940  be  made  for  the  fiscal  year  ending  June  30,  1882. 

The  commercial  importance  of  this  work  was  indicated  in  the  report 
of  examination. 

The  work  is  not  considered  of  a  permanent  character,  as  obstructions, 
caused  by  trees  falling  into  the  river,  drift-logs,  and  snags  are  liable  to 
reform  at  any  time. 

The  work  is  located  in  the  collection  district  of  New  Orleans,  and  the  nearest  light- 
hooBe  is  on  the  Bigoiets,  opposite  mouth  of  West  Pearl  Biver. 

Original  estimated  cost $95,940 

Amount  appropriated 30,000 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $30, 000  00 

Jnly  1,  1880.  amount  availiihle :W,000  00 

Amount  (estiinatt<l)  ivquinMl  for  roiuplction  of  cxistiu'i:  ]»rojrct   65,940  00 

Amount  that  can  btf  proliraMy  I'XptMnlrd  in  fiscal  yeartiudiii;;  Juno  :\n,  IH'?^.     (>5, 940  00 
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M  4. 

IMPROVEMENT  OF  TANGIPAHOA  RIVER,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  June  18, 1878,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  No.  64,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $5,000 
was  made  for  its  commencement. 

It  is  proposed  to  expend  this  money  in  improving  the  navigation  of 
the  river  by  removing  fix)m  the  banks  all  overhanging  trees,  also  to 
remove  from  the  bed  of  the  river  all  trees,  logs,  and  snags  found  in  it^ 
to  a  depth  of  5  feet  below  low- water  mark,  or,  where  such  depth  of  wat^ 
does  not  exist,  to  the  bottom  of  the  river,  said  trees,  logs,  and  snags  to 
be  placed  in  cut-offs  or  run-out  bayous  with  a  view  to  their  closure,  or, 
where  these  do  not  exist,  to  be  placed  on  the  banish  and  bnmedy  or 
otherwise  disposed  of,  so  as  not  again  to  become  obstructions  to  navi- 
gation. 

The  work  to  be  done  by  contract,  and  to  be  continuous  from  the  mouth 
of  the  river  up. 

The  original  estimate  for  this  work  was  $10,700,  the  amount  appro- 
priated $5,000,  and  it  is  recommended  that  $5,y00  be  appropriated  for 
the  fiscal  year  ending  June  30, 1882,  to  complete  it. 

The  commercial  importance  of  the  work  was  indicated  in  the  report  of 
examination. 

The  work  is  not  considered  of  permanent  value,  as  the  obstructions 
caused  by  drift- trees  and  snags  are  liable  to  replacement  by  new  obstruc- 
tions of  the  same  character  supplied  by  caving  banks. 

The  work  is  situated  in  the  collection  district  of  New  Orleans.    The  nearest  light- 
house is  at  the  mouth  of  Pass  Manchac. 

Total  estimated  cost $10,700 

Amouut  appropriated 5, 000 

Money  stutetnent 

Amount  appropriated  hy  act  approved  June  14,  1880 ^,  000  00 

July  1,  1880,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 5, 700  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882  .  5, 700  00 


M  5. 

IMPROVEMENT  OF  AMITE  RIVER,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  printed  in  House  Ex.  Doc.  No.  64,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  the  sum  of  $8,000  was 
appropriated  for  its  commencement. 

It  is  proposed  to  expend  this  sum  in  improving  the  river  by  remoT- 
ing  from  its  banks  all  overhanging  trees,  and  disposing  of  them  so  that 
they  shall  not  again  become  obstructions  to  navigation ;  also  to  remove 
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from  the  bed  of  the  river  all  trees,  logs,  and  sna  gs,  and  other  obstmc 
tions,  to  a  depth  of  at  least  5  feet  below  low-water,  or,  where  snch  depth 
of  water  does  not  exist,  to  the  bottom  of  the  river ;  said  trees,  logs,  and 
snags  to  be  placed  in  cut-offs  or  run-out  bayous,  or  where  no  cut-offs  or  run- 
out bayous  are  available,  they  shall  be  placed  on  the  banks  and  burned 
or  otherwise  disposed  of,  so  as  not  again  to  become  obstructions  to  navi- 
gation. 

The  work  of  improvement  to  commence  at  the  mouth  of  the  river  and 
not  to  be  done  by  contract,  award  being  based  on  the  number  of  miles 
<x>ntinuously  proposed  to  be  improved  lor  the  amount  of  money  availa- 
ble. 

The  original  estimate  for  the  work  was  $23,760,  or  $15,760  more  than 
the  amount  appropriated,  and  it  is  therefore  recommended  for  continu- 
ance of  the  work  that  an  appropriation  of  $15,760  be  made  for  the  fis- 
cal year  ending  June  30, 1882. 

The  commercial  importance  of  the  work  was  indicated  in  report  of 
examination. 

The  improvement  is  not  considered  a  permanent  one,  as  the  obstruc- 
tions caused  by  trees  falling  into  the  river,  drift-logs,  and  snags  are  lia- 
ble to  re-form  at  any  time. 

The  work  is  located  in  the  collection  district  of  New  Orleans,  and  the  nearest  light- 
house is  at  the  month  of  Pass  Manchac. 

Original  estimated  cost $23,760 

Amonnt  appropriated 8, 000 

Money  statement, 

Amonnt  appropriated  by  act  approved  Jnne  14,  1880 $8, 000  00 

July  1, 1880,  amount  available....: 8,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 15, 760  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  enmng  June  30, 1882. .  15, 760  00 


M  6. 

IMPROVEMENT  OF  VERMILLION  RIVER,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  es- 
timate for  improvement,  was  printed  in  House  Ex.  Doc.  No.  64,  Forty- 
gixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $5,000 
was  made  for  commencement  of  the  work. 

It  is  proposed  to  expend  this  sum  in  improving  the  river  by  removing 
from  its  banks  all  overhanging  .trees,  and  from  its  bed  all  trees,  logs, 
(Snags,  and  other  obstructions  to  a  depth  of  6  feet  below  low-water 
mark,  or,  where  such  depth  does  not  exist,  to  the  bottom  of  the  river. 

It  is  proposed  to  commence  the  work  of  improvement  at  the  railroad 
bridge  about  3  miles  above  Pin  Hook  Bridge,  and  if  any  money  is  left 
aifter  this  work  has  been  completed  to  expend  it  in  improving  the  bar  at 
tte  mouth  of  the  river. 

The  examination  on  which  this  project  is  based  was  made  before  the 
railroad  bridge  was  built,  and  extended  only  to  Pin  Hook  Bridge  j  it  is 
deemed  desirable,  however,  that  the  work  of  improvement  shoi^d  com- 
mence as  recommended  above  in  order  to  aflbrd  communication  with  the 
imilroad. 
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It  is  proposed  to  have  the  work  done  by  contract,  propoBals  being  io- 
Tited  in  the  nsnal  way  and  award  based  on  the  amount  for  which  the 
bidder  proiK>ses  to  clear  the  river,  as  indicated,  from  the  raihoad  bridge 
to  its  mouth. 

The  original  estimate  for  the  work  was  $9,900,  or  $4,900  more  than 
the  amount  appropriated,  and  it  is  therefore  recommended  that  an  ad- 
ditional appropriation  of  $4,900  be  made  for  the  fiscal  year  en^ng  Jane 
30, 1882. 

The  commercial  impoitance  of  the  stream  was  set  forth  in  report  of 
the  survey.  The  work  is  not  considered  permanent,  as  the  obstractioBS 
to  navigation,  caused  by  drift-logs,  snags,  &c.,  may  be  replace  by  oth- 
ers of  a  similar  character  from  ca\ing  banks  and  other  causes. 

Tlie  work  is  located  in  the  collection  district  of  Xew  Orleans,  and  the  nearest  light- 
houise  is  at  the  entrance  of  Atchafalaya  Bay. 

Original  estimatfd  cost $9f90O 

Amount  appropriatfd, 5,000 

Money  statement. 

Amount  approjjriat«-«l  hy  act  approve<l  June  14,  1>^ $5,000  00 

July  1,  ISrK),  amount  available 5, 000  00 

Amount  (estimat<*d)  required  for  completion  of  existing  project 4,900  00 

Amount  that  can  W  iiroritahly  expended  in  fiscal  year  ending  June  JW,  I8d2. .  4, 900  00 


M  7. 
IMriJOVEMEXT  OF  BAYOU  TERREBONNE,  LOUISIANA. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  3Iarch  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  imi)ix)veineiit,  was  published  in  House  Ex.  Doc.  Xo.  54,  Forty- 
sixth  Congiess,  second  session. 

By  act  of  Congress  approved  June  14,  18S0,  an  appropriation  of 
$10,000  was  made  for  its  commencement. 

It  is  proposed  to  expend  this  sum  in  obtaining  a  4-foot  navigable  chan- 
nel down  the  bayou  from  Ilouma.  To  do  this  it  will  be  necessary  to 
clear  away  the  overhanging  willows  and  bushes  on  the  right  bank  of  the 
bayou  for  a  distance  of  iiO  miles  below  llouma  and  to  dredge  the  shoal 
8I)ots  that  exist  at  intervals  for  a  distance  of  0  miles  below  that  pTace. 

The  work  to  be  done  hy  contract. 

The  work  is  not  considered  permanent,  as  the  shoals  l>elow  Ilouma  are 
apt  to  reform  with  each  high-water. 

The  original  estimate  for  this  work  was  $18,800,  or  $8,800  more  than 
the  amount  ai)i)ropriated.  A  further  appropriation  of  $8,800  for  the 
Ascal  year  ending  »Iune  30,  1882,  is  therefore  recommended  to  continne 
the  work  of  imi)rovement  and  maintaining  a  navigable  channel  4  feet  in 
dey)th  from  Ilouma  down. 

The  commercial  imi)ortance  of  the  bayou  was  in^lictated  in  the  i'ei)Ort 
of  the  examination. 

The  work  is  located  in  the  eollection  district  «)f  New  Orleans.    The  nearest  ligbt- 
honse  in  near  the  cast  end  of  Timbalier  Ishind. 

Orijcinal  estimated  cost $18,800 

Amount  appropriated 10,000 

Money  statement. 

Amount  appropriated  by  act  api)roved  June  14,  1880 $10, 000  00 

Jnlyly  1880,  amount  available 10,000  00 

Amonnt  (estimated)  required  for  completion  of  e:cisting  project 8, 800  00 

AmoNnt  that  can  be  profitably  expended  in  fiscal  yearending  June  :tt).  1882.      8, 800  00 
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M  8. 

IMPROVEMENT  OF  BAYOU  TECHE,  FROM  SAINT  MARTINSVILLE  TO  PORT 

BARRE,  LOUISIAJJ^A. 

This  work  originated  in  an  examination  authorized  by  act  of  Congress 
approved  March  3, 1879,  a  report  of  which,  together  with  plan  and  esti- 
mate for  improvement,  was  published  in  House  Ex.  Doc.  No.  64,  Forty- 
sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14, 1880,  an  appropriation  of  $6,000 
was  made  for  its  commencement. 

It  is  proposed  to  expend  this  money  in  the  work  of  improvement  by 
removing  from  the  bank  all  trees  to  a  distance  of  50  feet  from  the  middle 
of  the  bayou;  also  to  remove  all  trees,  logs,  snaga,  wrecks,  and  other  ob- 
structions from  the  bed  of  the  bayou  to  5  feet  below  low-water  surface, 
or  where  such  depth  of  water  does  not  exist  to  the  bottom  of  the  bayou, 
and  placing  them  on  the  banks  above  high- water  or  burning  them,  so 
that  they  shall  not  again  become  obstructions  to  navigation. 

From  Leonville  to  Port  Barre,'  13  miles,  there  has  not  been  sufficient 
water  for  navigation  within  the  memory  or  the  oldest  inhabitants,  except 
during  the  extreme  high- water  of  1874.  At  the  time  of  the  examina- 
tion, the  low- water  surface  at  Leonville  was  4J  feet  above  that  in  the 
Courtableau,  while  4  miles  from  Port  Barre  the  bottom  of  the  channel  was 
6  feet  above  low-water  in  the  Courtableau. 

For  these  reasons  it  is  not  deemed  advisable  at  present  to  expend 
any  of  the  appropriation  for  this  year  in  improving  the  bayou  above 
Leonville. 

The  work  to  be  done  by  contract. 

The  original  estimate,  which  was  for  improving  the  bayou  from  New 
Iberia  to  Leonville,  provided  for  3  needle-dams  and  locks,  by  which 
good  navigation  would  be  secured  during  the  year,  at  high- water  the 
dams  being  removed ;  and  it  is  recommended  that  an  appropriation  of 
$50,690  be  made  for  the  fiscal  year  ending  June  30, 1882,  to  complete  the 
improvement. 

The  small  bars  found  in  this  bayou  are  caused  by  draining  ditches, 
and  some  means  should  be  adopted  to  stop  this  and  have  the  drainage 
ditches  run  into  the  swamps  instead. 

The  work  may  be  considered  of  a  permanent  character,  in  the  ordi- 
nary acceptation  of  the  term  permanent  as  applied  to  woits  of  this 
kind,  if  with  needle-dams  and  locks ;  otherwise  not,  as  the  obstructions, 
caused  by  trees,  logs,  and  snags,  are  liable  to  reform. 

The  commercial  importance  of  the  work  is  set  forth  in  the  report  of 
examination. 

The  work  is  located  in  the  collection  district  of  New  Orleans.    The  nearest  light- 
house is  at  the  entrance  to  Atchafalaya  Bay. 

Original  estimated  cost $50,690 

Amonnt  appropriated 6,000 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 $6, 000  00 

July  1,  1880,  amount  available 6,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 50,690  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882. .  50, 690  00 
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M  9. 

IMPROVEMENT  OF  BAYOU  COURTABLEAU,  FROM  PORT  BARRE  TO  ATCHA- 

FALAYA,  LOUISIANA. 

« 

This  work  originated  in  an  examination  authorized  by  act  of  Con- 
gress approved  March  3, 1879,  a  report  of  which,  together  with  plan  and 
estimate  for  improvement,  was  published  in  House  Ex.  Doc.  No.  54, 
Forty-sixth  Congress,  second  session. 

By  act  of  Congress  approved  June  14,  1880,  an  appropriation  of 
$7j500  was  made  for  its  commencement. 

The  principal  obstruction  in  this  portion  of  the  Courtableau  is  Little 
Devil  Bar,  near  its  junction  with  the  Atchafalaya.  The  bar  varies  in 
length  at  different  seasons  of  the  year,  and  at  times  is  perfectly  dry. 

To  remove  this  bar  by  dredging  would  only  benefit  navigation  for  one 
low- water  season,  as  the  succeeding  high-water  would  cause  it  to  reform. 

To  remove  this  bar  and  prevent  its  reforming  it  is  proposed  to  dose 
the  run-out  bayous  to  the  south,  of  which  there  are  33,  between  Port 
Barre  and  the  Atchafalaya.  Before  this  can  be  done  to  advantage, 
however,  a  detailed  survey  of  the  locality  is  deemed  necessary  to  de- 
termine the  best  positions  for  the  dams  and  the  proper  height  to  be 
given  them,  a  necessity  stated  in  the  report  of  examination.  A  plan 
and  estimate  for  such  a  survey,  and  the  reasons  for  making  it,  were  fbr- 
warded  for  approval  July  8,  1880. 

To  further  insure  low- water  navigation  to  Washington  with  LitUe 
Devil  Bar  removed,  there  will  be  required  a  lock  and  needle-dam  about 
4  miles  below  Port  Barre,  and  the  commercial  importance  of  the  stream 
is  deemed  sufficient  to  warrant  the  additional  expense  for  its  construc- 
tion. 

In  case  it  is  only  proposed  to  improve  that  portion  of  the  bayou  be- 
tween Port  Barre  and  the  Atchafalaya,  the  following  will  be  the  estimated 
cost: 

PORT  BARRE  TO  ATCHAFALAYA. 

Clearing  the  bayou  of  snags,  Ac,  18  miles |900 

Closing  runout  bayous 90,000 

One  needle-dam  and  lock 15,009 

Contingencies,  10  per  cent 3,500 

Total 39,400 

Original  estimated  cost 39,400 

Amount  appropriated 7,600 

It  is  recommendedthat  $31,990  be  appropriated  for  the  fiscal  year  end- 
ing June  30, 1882,  to  complete  the  work. 

The  commercial  importance  of  the  work  was  indicated  in  the  report 
of  examination. 

The  work  is  considered  to  be  permanent  in  the  ordinary  acceptation 
of  the  term  as  applied  to  works  of  this  kind. 

Tlie  work  is  located  in  collection  district  of  New  Orleans.  The  nearest  light-house 
is  at  the  entrance  to  Atchafalaya  Bay. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 |7,500  00 

July  1,  li«0,  amount  available * 7,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 31, 990  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  31, 990  00 
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M  10. 
IMPROVEMENT  OF  BAYOU  LAFOURCHE,  LOUISIANA. 

This  work  originated  jfrom  surveys  authorized  by  act  of  Congress  ap- 
proved March  3, 1873,  for  report  of  which  see  Report  of  Chief  of  Engi- 
neerSy  United  States  Army^  for  1874,  Appendix  R  13,  and  Report  of 
Chief  of  Engineers,  United  States  Army,  for  1876,  Appendix  S  5. 

Under  act  of  Congress  approved  June  18, 1878,  appropriating  $10,000, 
a  i)ortion  of  the  work  was  commenced.  (See  Report  of  Chief  Engineers 
for  1879,  Appendix  K  3.) 

By  act  of  Congress  approved  March  3, 1879,  a  further  appropriation 
of  $10,000  was  made  available,  and  with  a  portion  of  this  and  a  balance 
of  the  preceding  appropriation,  work  was  continued  during  the  past  fiscal 
year.    (See  this  report.) 

By  act  approved  June  14,  1880,  an  additional  appropriation  of  $5,000 
was  made  for  continuing  the  work. 

The  close  of  the  fiscal  year  of  1878  and  1879  found  the  work  suspended 
on  account  of  high  water  in  the  bayou.  Work  was  resumed  on  the  16th 
of  July,  1879,  the  water  in  the  bayou  then  having  fallen  to  what  was 
considered  a  suitable  stage  for  recommencement  of  work  of  removal  of 
such  obstructions  as  snags,  stumps,  raft  heaps,  and  wrecks. 

On  this  kind  of  improvement  work  was  continued  until  December  23, 
1879,  when  it  was  suspended,  as  was  done  the  previous  year,  because  of  too 
high  water  to  work  to  advantage,  leaving  much  yet  to  be  done  in  this 
direction. 

The  work  done  during  the  season  favoring  (136  working  days)  is  sum- 
marized as  follows : 

Wrecks  removed 10 

Snags  and  stumps  removed 747 

Logs  removed 80 

Actual  working  days 106 

Days  lost  from  sickness,  from  moving  from  place  to  place,  and  from  delay  for 
repairs 19 

The  field  of  work  extended  from  Thibodeaux  to  a  point  3  miles  below 

ockxK)rt. 

The  work  has  gained  in  importance  during  the  year,  because  of  a 
canal  connection  made  between  the  Lower  Lafourche  and  Upper  Bara- 
taria  Bay,  and  thence  to  New  Orleans  through  the  bayous  and  canals 
connecting  the  bay  with  the  Mississippi  Eiver,  opposite  New  Orleans. 
This  makes  the  low-water  navigation  of  the  bayou  in  a  large  measure 
independent  of  the  long  shoal  at  its  head,  which,  as  I  have  before  reported 
in  effect,  it  would  be  money  thrown  away  to  attempt  to  dredge  out. 

It  is  now  proposed  to  simply  continue  the  work  of  removing  obstruc- 
tions, as  during  the  past  year,  from  3  miles  below  Lockport  down  to 
this  canal,  to  benefit  this  portion  of  the  bayou  as  much  as  possible ;  the 
work  to  be  done  as  reported  herein  by  hire  of  labor  and  purchase  in 
open  market.  This  will  serve  all  the  large  interests  below  Thibodeaux, 
particularly  those  of  the  rice  farmers,  an  interest  that  has  greatly  increased 
within  the  last  few  years. 

I  have  everything  on  hand  necessary  for  continuing  the  work,  except 
the  labor,  which  is  to  consist  of  an  overseer  and  a  crew  of  12  men. 

The  stage  of  water  in  the  bayou  will  soon  be  suitable  for  recommence- 
ment. 
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The  work,  so  far  as  that  portion  contemplating  removal  of  obstructions 
is  concerned,  may  be  considered  as  susceptible  of  permanent  completion. 

The  work  is  located  in  the  collection  district  of  Now  Orleans.    The  nearest  lizht- 
houses  are  those  at  the  mouth  of  the  Mississippi  and  at  the  entranoe  to  Atchafalaya  Bay: 

Original  estimate  cost .-, $100,100  00 

Amount  appropriated 25,000  00 

Amount  expended 11,994  83 

As  the  unexpended  balance  of  the  amounts  already  appropriated  is 
deemed  sufficient  to  complete  the  work  of  improvement  under  the  present 
project,  no  additional  appropriation  for  the  fiscal  year  ending  June  30, 
1882,  is  recommended. 

Money  sMtement, 

Julyl,  1879,  amount  available ^13,817  81 

Amount  appropriated  by  act  approved  June  14, 1880 5, 000  00 

tlfi,  817  81 

July  1,  1880,  amount  expended  during  tiscal  year 5, 736  59 

Julvl,  1880,  (mtstanding  liabilities  .1 1 86  05 

5,812  64 

July  1,  1880,  amount  available 13,005  17 


M    II. 

IMPROVP.MENT  OF  SABINE  PASS  AND  BLUE  BUCK  BAR,  TEXAS.  . 

SYNOPSIS  OF  HISTORY. 

All  examination  of  this  pass  was  made  during  the  fiscal  year  ending 
June  30,  1873,  report  of  which  was  forwarded  to  the  Chief  of  Engineers 
with  my  annual  reports  for  that  year. 

In  compliance  with  instructions  from  the  Chief  of  Engineers,  dated 
January  20  and  23, 1875, 1  submitted,  February  4, 1875,  report  with  plan 
and  estimates  "  for  the  improvement  of  the  navigation  of  tlie  harbor 
and  bar  at  Sabine  Pass,  Texas.''  (See  Keport  of  Chief  of  Engineers  for 
1875,  Appendix  S  10,  pages  945  to  947.) 

In  the  act  of  Congress  approved  March  3, 1875,  $20,000  were  appro- 
priated for  the  work,  which  was  let  out  at  contract  but  the  contractors 
failed  in  tlieir  agreement,  and  the  contract  was  annulled. 

Under  act  of  Congress  approved  August  14,  1876,  appropriating 
$38,000  and  balance  of  the  appropriation  for  1876,  the  work  was  again 
advertised  for  contract,  but  as  it  was  estimated  that  the  lowest  respon- 
sible bid  received  would  not  complete  a  channel  of  the  specified  depth 
of  12  feet,  all  bids  were  rejected  and  the  United  States  dredgeboat  Es- 
sayons,  lying  idle  at  Kew  Orleans,  was  sent  to  perform  the  work. 

The  Essayons,  after  about  half  completing  a  channel  through  the  bar 
longing  from  12  to  15  feet  in  depth,  became  disabled  by  the  unexpected 
failure  of  her  boilers,  and  was  ordered  to  New  Orleans  for  repairs. 

The  disastrous  result  attending  an  attempt  to  substitute  the  McAlester 
is  reported  in  my  annual  report  of  last  year.  (See  Eeport  of  Chief  of 
Engineers  for  1878,  Appendix  J  4,  pages  609  and  610.) 

Itepairs  to  the  boilers  of  the  United  States  dredgeboat  Essayons.  re- 
ported in  progress  in  my  last  annual  report,  were  completed  and  the 
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vessel  sailed  for  Sabine  Pass  August  7, 1878,  to  continue  the  work  of 
dredging — 

1st  In  deepening  and  widening  the  channel  across  the  outer  bar,  and 
then 

2d.  Excavating  a  channel  across  the  reef  that  separated  the  harbor  of 
Sabine  City  from  the  roadstead  inside  of  the  outer  bar. 

The  work  was  continued  until  February  7, 1879,  when  operations  were 
suspended  and  the  Essayons  ordered  to  Xew  Orleans. 

The  reasons  for  suspension  and  other  particulars  are  given  in  the  Re- 
port of  the  Chief  of  Engineers  for  1879,  Appendix  K  4. 

At  the  close  of  the  fiscal  year  ending  June  30, 1879,  the  dredgeboat 
employed  on  this  work  remained  laid  up  at  JN^ew  Orleans  and  in  good  con- 
dition, awaiting  further  appropriation,  and  with  a  balance  of  appropri- 
ation on  hand  of  $18,409.23,  which  amount  was  not  considered  sufficient 
for  resuming  the  work  during  the  fiscal  year  ending  June  30,  1880. 

During  the  past  year,  therefore,  the  work  has  remained  suspended, 
with  exception  of  that  required  for  care  of  the  very  valuable  property 
pertaining  to  it.  , 

This  property,  with  all  the  care  that  could  be  given  it;,  is  not  to-day  in 
as  good  condition  as  it  was  this  time  a  year  ago,  and  before  being  again 
actively  employed  will  require  some  further  repair. 

By  act  of  Congress  approved  June  14,  1880,  further  appropriation  of 
$50,000  was  made  for  this  work  and  Blue  Buck  Bar.  With  the  balance 
of  last  year's  appropriation  now  on  hand  this  gives  for  re-commence- 
ment of  work  during  the  present  year  the  total  of  $64,776.14,  which 
amount  can  be  expended  during  the  year  in  dredging  to  some  advantage, 
but  is  not  considered  large  enough  to  continue  tlie  work  throughout  the 
year.  One  hundred  thousand  dollars  was  the  amount  recommended, 
and  the  recommendation  was  made  with  a  full  knowledge  of  the  neces- 
sities of  the  case. 

It  is  proposed  during  the  fall  season  of  the  present  fiscal  year  to  place 
the  dredgeboat  Essayons  again  in  commission  and  employ  her  exclu- 
sively in  deepening  and  widening  the  channel  across  the  outer  bar,  for 
so  long  a  time  as  the  means  afforded  and  the  proper  care  of  the  dredge 
afterward  will  permit. 

The  rider  on  the  work,  viz.  Blue  Buck  Bar,  has  no  further  right  to 
connection  with  it  than  that  given  by  association  in  the  act  of  appro- 
priation. 

The  condition  of  this  so-called  bar  in  Sabine  Lake,  above  Sabine  Pass 
and  Harbor,  was  made  the  subject  of  special  survey  and  report  in  1872 
(see  Keport  of  Chief  of  Engineers  for  1873,  Appendix  Q  10),  when  it 
was  found  that  there  was  6  feet  of  water  over  it  at  mean  low  tide ;  a  little 
greater  depth  said  to  be  available  through  the  lake,  and  3  J  feet  over  the 
bars  of  the  Sabine  and  Neches  rivers  at  the  head  of  the  lake. 

The  navigation  over  Blue  Buck  Bar  is  now  governed  by  that  over  the 
river  bars,  which  latter  have  recently  been  improved  to  give  5  feet  navi- 
gation, which  is  yet  less  depth  than  that  shown  over  Blue  Buck  by  the 
survey  of  1872. 

It  is,  therefore,  proposed  to  treat  the  rider  in  its  connection  with  the 
Sabine  Pass  work  by  a  simple  examination  and  special  report  afterward, 
and  by  recommendation  that  it  be  permitted  to  stand  upon  its  own 
merits. 

It  is  thought  that  there  is  a  growing  demand  for  some  good  harbors 
on  the  Gulf  coast  west  of  the  Mississippi.  I  have,  in  effect,  said  this  so 
often  in  previous  reports  that  it  may  at  first  appear  superfluous  to  say  it 
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a/gain.  I  mentioii  it  because  during  the  past  year  I  have  had  to  answer 
many  inquiries  relative  to  Sabine  Harbor. 

I  have  answered,  in  effect,  that  the  location  is  good;  the  harbor  capa- 
cious and  susceptible  of  enlargement,  land-locked,  and  safe^  the  bar  at 
its  entrance  susceptible  of  improvement  to  any  degree  desired  and  at 
comparatively  small  expense ;  the  country  immediately  tributary  suited 
for  development,  and  the  rapid  growth  of  Texas  and  of  the  countries 
north  and  westward,  with  their  railroad  connections,  such  as  appeared 
to  warrant  improvement  of  the  harbor  and  its  entrance. 

It  will  be  seen  from  this  expression  of  opinion  that  I  think  it  desirable 
that  suitable  appropriation  be  made  for  works  of  improvement  at  ttie 
entrance  to  the  harbor. 

I  therefore  recommend  appropriation  for  continuing  the  work  during 
the  year  ending  June  30, 1882,  to  the  amount  of  $114,317,  the  amount 
to  be  made  available  for  works  to  be  designed  for  rendering  the  present 
work  permanent. 

The  results  of  the  work  of  dredging  during  the  present  year  while  in 
progress  will  enable  preparation  of  detailed  plans  for  works  assuring 
permanency  of  the  dredged  channel. 

The  latter,  as  was  stated  in  my  report  for  1879,  cannot  be  considered 
as  permanent  unless  it  be  given  some  lateral  protection. 

Tbe  work  is  situated  in  the  collection  district  of  Galveston,  and  the  nearest  light- 
house  is  at  the  entrance  to  the  pass. 

Ko  commercial  statistics  have  yet  been  obtained. 

Original  estimated  cost ^390,317  00 

Amount  appropriated 163,000  00 

Amount  expended 98,224  86 

Money  statement. 

Julyl,  1879,  amount  available |18,409  23 

Amount  appropriated  by  act  approved  June  14,  1880 50, 000  00 

$68, 409  23 

July  1,  1880,  amount  expended  during  fiscal  year  .1 3, 542  89 

Julyl,  1880,  outstanding liabiUties 91  20 

3,634  09 

July  1,1880,  amount  available 64,775  14 

Amount  (estimated)  required  for  completion  of  existiug  project 114, 317  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  114, 317  00 
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examination  of  vermillion  river,  louisiana. 

United  States  Engineer  Office, 

New  Orleans^  February  27, 1880. 

General  :  I  have  the  honor  to  submit  herewith  rex>o^  o^  Assistant 
Engineer  W.  H.  Hoffman  of  an  examination  of  Vermillion  River,  Louiai- 
ana. 

The  act  of  Congress  approved  March  3, 1879,  provides  for  a  survey  or 
examination  of  Bayou  Yermillioup  but  as  the  stream  is  called  Vermillion 
Biver  on  the  maps  of  this  State  it  is  so  termed  by  Mr.  Hoffinan  in  hia 
report 
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Tracings  of  a  chart  drawn  to  a  scale  of  3-5^7?  will  be  forwarded  in  a 
separate  package. 

The  recommendations  of  Mr.  Hoffman  as  to  plan  of  improvement  are 
set  forth  in  liis  report,  and  are  concurred  in.  His  estimates  are  also 
approved,  the  total  amount  of  which,  viz,  $9,900,  could  be  expended  ta 
advantage  on  the  work  during  the  ensuing  fiscal  year. 

The  work  is  not  susceptible  of  permanent  completion. 

I  am  unable  tx)  furnish  valuable  information  concerning  the  commer- 
cial importance  of  this  work. 

It  is  located  in  the  collection  district  of  New  Orleans.  The  nearest  liglit-house  is  at 
the  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.   HOWEDL, 

Major  of  Engineers. 
Brig.  Gen.  H.  G.  WmaHT, 

Chief  of  Engineers^  U,  S.  A. 


REPORT  OF  MR.    W.    H.    HOFFMAN,   ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major  :  I  liave  the  honor  to  submit  the  following  report  on  the  examination  of  the 
Vermillion  River : 

A  transit  and  stadia  line  was  carried  from  Pin  Hook  Bridge,  which  is  the  present 
head  of  navigation,  to  the  mouth  of  the  river,  a  distance  of  49  miles;  soundings  were 
taken,  and  topography  and  aU  obstructions  noted.     Vermillion  River  starts  from  the 
junction  of  Bayou  Barbeaux  and  Bayou  Fusilier,  and  by  the  Fusilier  it  is  connected 
with  the  Teche.     The  river  flows  through  what  is  known  as  the  Attakapas  region,  a 
high,  slightly-rolling  prairie  country.     The  banks,  for  42  miles  below  Pin  Hook  Bridge, 
are  of  red  clayey  soil,  above  all  overflow,  except  strips  of  marsh  occasionally  found 
from  50  to  100  feet  in  width.     Trees  grow  upon  both  banks  for  the  lii-st  42  miles  to  an 
average  width  of  100  feet,  and  are  the  only  timber  near.     The  remaining  7  miles  to 
the  mouth  is  sea-marsh,  covered  at  high-tides.     Pin  Hook  Bridge  has  no  draw,  but 
one  could  easily  be  made  in  it.     Only  at  great  freshets  would  there  be  water  sufficient 
for  navigation  were  the  obstructions  in  the  channel  above,  connecting  it  with  the 
Teche,  removed;  but  the  supply  of  water  is  fully  suflicient  for  slack-water  navigation, 
with  locks  to  retain  the  water  at  the  height  necessary  for  it  to  pass  the  Fusilier.     The 
Vermillion,  at  Pin  Hook  Bridge,  is  wide  and  deep  enough  for  small  steamboats.     The 
tide  in  the  Gulf  determines  the  height  here  entirely,  except  during  freshets.     There  is- 
a  slight  current  at  low  tide.     The  right  bank  is  about  20  feet  \n^  at  the  bridge,  and 
the  left  5  to  7  feet.    The  flrst  4  miles  is  now  so  fllled  by  snags,  logs,  and  trees  blown 
in  during  the  September  gale  as  to  be  impassable.     There  are  also  many  overhanging 
trees  on  the  banks.     A  shoal  at  the  end  of  the  second  mile  is  caused  by  a  prairie  coulee, 
and  has  but  2  feet  water  at  low- tide.    At  Four-mile  Point  the  steamers  now  stop  and 
transfer  freight  for  Vermillion vi lie  to  flatboats,  which  are  poled  up  to  the  bridge. 
The  river  below,  to  the  ninth  mile,  is  narrow  and  much  obstructed  by  overhanging 
and  fallen  trees  and  snags.     There  are  also  four  shoals,  the  flrst  of  which  is  but  10 
feet  long,  and  appears  to  be  of  logs  across  the  bayou,  having  but  2  feet  over  them  at 
low-water,  and  4  feet  on  either  side.     The  next  is  caused  by  a  ditch  from  the  high 
land,  the  other  two  by  prairie  coulees.    These  shoals  cause  much  delay  to  steamers^ 
as  they  can  cross  only  at  high  tide ;  their  removal  by  dredging  and  closure  of  the 
channels  causing  them  will  help  navigation.    From  the  ninth  to  the  twentieth  mile 
the  least  depth  is  4  feet  at  low- water,  which  is  sufficient  for  the  boatfi  in  the  trade. 
There  are  a  few  snags  and  some  overhanging  trees.    Below  the  twentieth  mile  the 
river  gradually  increases  in  width  and  depth  to  its  month ;  the  only  obstmctions  are 
a  few  snags.    Abbeville  is  on  the  twenty-fourth  mile,  and  is  the  largest  town  on  the 
river^  and  the  shipping  point  for  the  region  to  westward.    The  river  enters  Vermillion 
Bay  in  a  little  cove  at  its  western  end,  which  is  a  good  harbor  at  its  mouth ;  bnt  there 
is  a  shoal  bar  between  this  cove  and  the  bay,  over  which  the  depth  at  low-tide  is  bnt 
2  feet.    The  channel  could  probably  be  improved  by  making  a  jetty  of  brush  or  oane 
fascines  from  the  shore  to  the  island,  shutting  oil'  the  incoming  current  over  the  mnd 
flat  at  rising  tide  and  forcing  it  to  follow  the  course  taken  by  ebb-tide,  which  is  the 
channel  followed  by  boat«.    A  chart  of  the  river  is  made  on  a  scale  of  gVoo  » 
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The  estimated  cost  of  improvements  below  Pin  Hook  Bridge  is  as  follows : 

Clearing  and  removal  of  snags  5  miles  from  bridge,  at  $200 $1,000 

Clearing  and  removal  of  snags  next  15  miles,  at  $100 1, 500 

22,000  yards  dredging  at  mouth,  at25cents 5,600 

Jetty 1,000 

Eng^eering  and  contingencies,  10  percent 900 

Total 9,900 

The  commerce  to  be  benefited  is  that  of  Vemiillionville  and  Abbeville,  with  fhe 
surrounding  country. 

Yours,  respectfully,  W.  H.  Hoffman, 

Assistant  Engineer. 
Mfg.  C.  W.  Howell, 

Corps  of  EngineerSf  U,  S.  A. 


examination  of  bayou  teche,  louisiana. 

United  States  Engineer  Office, 

New  Orleans,  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  the  report  of  Assist- 
ant Engineer  H.  G.  Collins,  of  an  examination  of  Bayou  Teche,  Louis- 
iana, provided  for  in  act  of  Congress  approved  March  3, 1879. 

Tracings  of  chart,  drawn  to  a  scale  of  -5^00"?  ^^  ^®  forwarded  in  a 
separate  package. 

Becommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
forth  in  his  report  and  are  concurred  in.  His  estimates  are  also  ap- 
proved. The  whole  amount  can  be  expended  to  advantage  during  the 
ensuing  fiscal  year,  viz,  $58,190. 

I  am  unable  to  furnish  valuable  information  concerning  the  commer- 
cial importance  of  the  work. 

It  is  located  in  the  collection  district  of  Now  Orleans.    The  nearest  light-house  is 
at  the  entrance  to  Atchatalaya  Bay. 

Very  respectfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers, 
Brig.  Gen.  II.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


REPORT  OF  MR.    U.    C.    COLLINS,   ASSISTANT   ENGINEER. 

New  Orleans,  La.',  January  31,  1880. 

Major  :  After  delivoriug  to  Mr.  Elms  the  instniments  and  instructions  for  the  survey 
of  the  Courtabloau,  I  made  an  examination  of  the  Teche.  Mr.  Harrod,  the  State  engi- 
neer of  Louisiana,  gave  me  the  notes  of  a  compass  line  and  the  level  notes  which  had  been 
taken  on  a  survey  made  by  Mr.  d^Hemecourt  and  Mr.  Elms.  As  this  survey  had  been 
made  so  recently,  it  was  only  thought  necessary  to  go  over  the  country  and  take  the 
notes  of  topography  and  soundings  and  get  some  other  information  which  was  not 
contained  in  the  notes. 

Mr.  Harrod's  survey  extends  from  Washington,  on  the  Courtableau,  to  Saint  Martins- 
ville.  A  survey  was  made  by  Mr.  Duke,  under  your  direction,  in  1870,  and  I  had  a 
tracing  of  this  chart  also,  to  see  what  changes  had*  been  made  below  Saint  Martinsville 
since  it  was  before  surveyed,  and  the  present  obstructions  in  it.  It  was  extreme  low- 
water  in  all  the  west  delta  bayous  at  the  time  of  the  examinations  in  August,  1879,  as 
there  had  been  an  unusually  long  drought,  and  there  is  probably  never  any  less  water 
than  there  was  at  that  time.  Bayou  Teche  leaves  the  Courtableau  at  Barry's  Landing, 
but  the  upper  portion  of  it  ho  filled  that  no  water  runs  down  it  with  loss  thaw  an 
«-foot  risi*  of  thi.'  Courtableau,  and  with  a  riw*  of  15  feet  tin-  channel  leaving  the 
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Courtableau  has  a  surface  width  of  but  30  feet.  Small  as  this  channel  is,  a  large  part 
of  it  for  the  lirst  4  miles  is  filled  by  standing  trees,  which  grow  even  down  to  the 
bottom  of  it,  and  with  overhanging  trees,  bushes,  and  logs  and  fallen  trees.  The 
banks  are  above  the  high-water  of  1874,  which  was  the  highest  known.  They  are 
entirely  of  Red  River  de})08it.  During  the  high-water  of  1874,  flatboats  loaded  with 
lumber  and  fencing  material  passed  down  through  this  channel,  but  it  could  only  be 
used  at  very  high  water,  when  the  lower  willow  tre*»s  were  so  covered  with  water  that 
boats  could  bend  them  down  and  pass  over  them. 

For  the  greater  part  of  the  year  only  a  little  stream  of  water,  the  drainage  of  the 
springs  in  the  bank,  finds  its  way  down  this  channel,  and  4  miles  from  the  Courtableau 
tte  bottom  of  the  channel  is  6  feet  above  low-water  in  the  Courtableau.  How  much 
higher  the  top  of  the  divide  is,  there  is  no  data  in  the  notes  to  show.  At  Leon's  Bridge, 
"which  is  13  miles  from  the  head  of  the  Teche,  the  extreme  low-water  surface  at  tne 
time  of  the  survey  was  4^  feet  above  the  low- water  surface  in  the  Courtableau,  and  it 
"was  at  the  time  backwater,  all  ent-ering  from  above  the  bridge  being  so  little  as 
barely  to  supply  the  evaporation  in  the  pool  of  6  miles  backwater  above  the  mouth  of 
the  Fusilier. 

Mr.  Harrod's  survey  was  not  made  by  way  of  Barry's  Landing,  but  left  the  Cour- 
tableau about  a  mile  below  Washington,  passing  up  the  Caron  for  2  miles  to  the  head 
of  the  Maricoquant,  which  runs  to  southward  from  the  Caron.  Above  this  point  the 
Caron  is  but  a  rainwater  channel ;  and,  below,  its  banks  are  like  those  of  the  Courta- 
bleau and  Teche  of  Red  River  deposit,  as  are  those  of  the  Maricoquant,  which  from 
the  Caron  to  the  junction  of  the  Teche,  4  miles  from  Barry's  Landing  and  9  miles 
from  the  Caron,  is  but  a  small  channel,  and  at  the  high-water  of  1874  it  had  but  4}- 
feet  depth  on  the  top  of  the  ridge  over  which  it  inins,  just  below  the  place  where  it 
leaves  the  Caron.  It  is  much  overgrown  with  trees,  and  there  is  no  chance  for  any 
navigation  by  it.  For  the  9  miles  it  only  consists  of  a  series  of  pools,  except  during 
-very  nigh  water. 

The  fall  from  the  fourth  mile  to  the  thirteenth  in  the  Teche  is  but  little,  but  the 
channel  is  much  obstructed  by  trees  standing  in  it.  The  banks  are  eveiywhere  above 
the  high-water  of  1874,  and  are  bordered  by  cultivated  fields  for  much  of  the  distance. 
A  road  follows  the  top  of  the  bank  on  each  side  of  the  bayou,  and  from  the  extreme 
bottom  to  the  road  trees  are  quite  thick.  At  the  nineteenth  mile  the  Fusilier  enters 
from  the  west,  and  from  it  comes  the  entire  low-water  supply  for  the  Teche. 

At  the  time  of  the  examination  in  August  the  cross-section  of  the  Fusilier  was  175 
square  feet  at  its  mouth,  and  the  velocity  of  the  current  was  about  2  feet  per  second. 

There  are  large  cypress  swamps  a  short  distance  up  the  Fusilier  which  act  as  reser- 
Toirs  and  prevent  any  sudden  rise  of  the  stream  at  its  mouth,  though  above  the 
swamps  it  must  be  subject  to  gi*eat  fluctuations,  as  it  takes  the  drainage  of  a  large 
area  of  prdirie  and  hill  country.  There  is  a  channel  which  forms  the  head  of  the 
Vermillion,  and  when  the  Minsissippi  is  very  high  and  much  water  comes  down  the 
Teche  from  the  Courtableau,  the  current  nins  up  the  Fusilier  and  down  the  Vermil- 
lion. The  banks  of  the  Teche  like  those  of  the  Courtableau  at  Washington  are  several 
feet  above  the  highest  floods.  The  overflow  from  the  Lower  Courtableau  covered  the 
land  east  of  the  Teche  to  within  a  few  hundred  feet  of  the  top  of  the  ridge  forming  the 
bank  of  the  Teche.  the  drainage  being  from  the  Teche  towards  the  Atchafalaya  bayou 
and  lakes.  I  was  told  that  they  nowhere  connects  except,  possibly,  through  some 
ditches.  Mr.  Elm's  levels  gave  the  fall  in  the  Teche  from  Amaudville  at  the  mouth 
of  the  Fusilier  to  Saint  Martinsville  as  10.2  feet.  The  distance  is  30  miles.  Breaux 
Bridge  is  15  miles  below  Amaudville,  and  7  feet  of  this  fall  is  in  this  15  miles.  The 
remaining  3.2  feet  is  between  there  and  Saint  Martinsville.  Except  at  lowest  water  a 
small  steamer  runs  from  Breaux  Bridge  to  Saint  Martinsville  and  connects  there  with 
larger  ones  which  run  on  the  Teche  below  at  all  stages  of  water. 

Between  Amaudville  and  Breux  Bridge  there  is  an  abnost  continuous  line  of  over- 
banging  trees  on  one  or  the  other  side  of  the  bayou,  and  in  many  places  on  both  sides. 
There  are  also  many  logs,  the  remains  of  old  live-oak  trees  which  had  fallen  in.  The 
channel  is  also  much  obstnicte<l  by  bars  at  the  entrance  of  drainage  canals  or  ditches 
which  have  been  cut  into  the  bayou  from  fields  on  its  banks  to  save  long  drains  back, 
and  in  rains  much  mud  from  the  alluvial  soil  of  the  fields  is  washed  into  the  bayou. 
Thehe  ditches  are  all  quite  recent  and  the  bars  are  yet  but  short,  though  filling  usu- 
ally about  half  the  cross-section  at  low-water.  In  some  cases  there  was  a  bar  100 
feet  long,  but  seldom  more  than  40  or  50  feet  in  length,  l^etween  these  bars  there 
was  usually  3  to  6  feet  depth  and  a  width  of  40  to  70  feet.  At  the  height  of  the  flood 
of  1874,  the  bayou  was  here  200  to  350  feet  wide.  The  depth  is  greater  on  tops  of 
these  drainage  bars  below  Breaux  Bridge,  and  it  is  seldom  at  extreme  low-water  loss 
than  2  feet,  and  the  pools  between  have  5  to  8  feet  depth  with  a  width  of  40  to  80  feet. 
The  high-water  cross-section  is  very  nearly  the  same  as  that  above  as  far  down  as 
Saint  Martinsville. 

There  are  no  short  bends,  but  the  bayon  runs  in  long  sweeping  bends  with  gentle 
■curves.    From  Saint  Martinsville  to  New  Iberia  I  counted  41  snags,  which  are  more 


1168     REPORT    OF    THE    CHIEF    OF    ENGINEERS,    U.    S.    ARMV. 

or  less  obstructlous,  mid  5  stumps  of  trees  which  have  been  cut  off  too  high,  and  at 
some  stages  of  water  form  very  serious  oljstructions.  There  arc  16  of  the  bars  caused  by 
drainage  ditches,  which  will,  if  they  are  to  be  removed|  require  each  au  averase  ezAa- 
vation  of  about  500  cubic  yards;  some  of  these  bars  would  be  much  leas  than  this,  and 
can  now  be  passed  with  no  trouble,  but  all  are  growing  with  every  hard  rain.  There 
are  not  more  than  20  standing  trees  whicli  would  need  removal.  There  is  one  wreck  at 
Saint  Martinsville,  whicli  is  very  much  in  the  way  at  very  low  water,  but  only  one 
side  n'quiresto  be  taken  oil";  this  would  leave  sufhcient  room  for  passage.  Only  stem- 
wheel  steamers  run  above  New  Iberia.  For  nearly  10  miles  above  New  Iberia  the  depth 
at  extreme  low-water  is  6  to  1*2  feet.  The  banks  are  but  little  wjiahed  and  there  has 
been  no  other  shoaling  than  that  due  to  the  drainage  canals ;  but  at  New  Iberia  the  con- 
dition of  the  bayou  changes  entirely.  The  width  and  depth  I  was  told  were  fonnerljy 
very  murh  like  th*)  first  10  miles  above,  but  now  the  width  is  nearly  double  what  it 
fonnerly  was,  and  for  several  miles  its  low-water  depth  is  but  2^  to  4  feet,  and  the 
depth  is  almost  exactly  the  same  for  nearly  the  entire  width  of  the  bayou.  The  cross- 
section  above  New  Iberia  is  a  natural  one,  deep  in  the  middle  and  idioaling  towards 
the  edges  gradually.  The  cause  of  this  injury  tio  the  bayou  must  be  determined  be- 
fore any  plan  can  be  made  for  the  improvement  of  it.  The  entir<>  change,  so  far  as  it 
obstructs  navigation,  has  taken  place  since  184)0,  but  it  was  probably  in  progress  fiir 
years  before  that  time,  unnoticed  because  it  liiul  not  interfered  with  the  navigation. 
When  the  banks  were  cleared  and  roots  of  the  trees  gradually  rotted,  it  was  less  pxo- 
tecti'd  from  washing  than  it  luul  been  while  lined  by  almost  a  continuous  row  or  cy- 
press trees.  Side-wheel  steamboats,  such  as  are  used  below  New  Iberia,  andnot  aboYe, 
lire  so  constructed  that  there  is  a  strong  current  from  their  wheels  washing  the  bot- 
tom from  some  distance  away  from  the  mid-channel  out  to  the  banks,  but  no  current 
at  all  in  the  middle,  couse(|uently  the  heavier  portion  of  the  material  washed  up  is 
deposited  in  mid-channel  behind  the  boat,  and  tlie  swell  of  the  boat,  which  is  greater 
than  that  from  a  stem-wheel  boat,  washes  the  banks,  and  causes  the  widening  of 
the  surface.  The  stem- wheel  boat  spends  the  force  of  its  engine  on  the  one  wheel 
at  its  stern,  and  the  current  from  it  washes  up  the  bottom  in  the  center  of  tb» 
bayou  only,  and  the  tendency  of  the  heaviest  part  of  the  material  washed  up  wookl 
be  to  the  more  cpiiet  water  of  the  sides.  So  it  would  have  a  tendency  gradually 
to  improve  the  navigation,  while  the  side-wheel  boat  far  more  rapidly  destroyed  it. 
Were  the  bayou  wide,  so  that  boats  took  different  paths  in  pacing  up  and  down 
stream,  it  would  probably  make  little  if  any  dillerence  whetluT  side  or  st<;rn  wheel 
boats  were  used,  but  the  Teclie  is  so  narrow  that  all  boats  follow  very  nearly  one 
path.  The  fall  from  New  Iberia  to  the  Gulf  is  probably  but  very  slight,  as  the 
current  is  up  or  down  with  the  tide  at  low  river,  and  there  is  a  sutticient  dej^th  from  a 
lew  miles  above  Charenton  down  to  the  mouth  of  the  bayou  for  all  navigation.  There 
are  no  overhanging  trees  and  very  few  snags  below  New  Iberia,  they  having  been  re- 
moved in  lf^2  and  18715,  un<ler  an  appropriation  by  C(uigres8. 

The  only  means  available  to  make  good  navigation  of  the  Teche  for  the  year  is  to 
make  such  dams  and  locks  as  are  recommended  for  the  Courtableau,  and  except  at 
high- water  have  slackwater  navigation,  giving  locks  a  width  of  45  feet  in  the  clear  so 
as  to  allow  the  passage  of  stern-wheel  boats,  but  not  wide  enough  to  allow  side-wheel 
boats  to  pass. 

The  abutments  of  these  locks  would  remain  during  high-water,  but  the  gates  wooUl 
be  open  and  the  needles  of  tluj  dams  re^moved  for  free  passage  of  the  current,  so  that 
the  sediment  de])osited  would  be  swept  out,  as  at  prest^nt,  at  high  river. 

The  data  <»f  the  level-line  and  other  information  obtained  shows  that  3  locks  with 
about  7  feet  lift  each  will  carry  good  low-water  navigation  to  Leon's  Bridge.  If  condi- 
tions remain  as  they  have  been  for  the  pjwt  ten  years,  the  end  of  all  low-water  naviga- 
tion in  the  bayou  does  not  appear  to  be  very  distant.  The  present  low-water  supply  of 
the  Fusilier  is  ample  for  lockage,  but  an  increjise  of  it  to  almost  any  required  extent 
can  be  had  by  storing  the  Hood  supply  in  the  cypress  swamps  above  Aniaiidville  on 
the  Fusilier.  The  only  limit  would  be  the  amount  of  e vaporat  ion  in  protracted  droughts, 
and  the  one  of  July  and  August,  1879,  was  an  unusually  long  one,  yet  there  was  a  dis- 
charge at  Araaudville  of  :V)0  cubic  feet  per  second ;  it  was  gi'eater  there  than  below, 
as  that  was  the  only  water  entering  it  at  the  time. 

Any  attempt  at  connecting  the  Teche  an<l  Courtableau  by  si ack- water  navigati<m 
up  the  Teche  would  retpiire  such  an  amount  of  dredging  its  would  make  it  impracti- 
cablCy  and  the  sunpl^v  of  water  at  extreme  low  sta^(is  might'  be  found  insufficient  for 
lockage.     With  tne  improvement's  made  in  other  directifms  this  would  not  be  needed. 

The  commerce  of  the  Teche  is  very  great.  The  entire  supplies  of  a  large  part  of  the 
l>cst  portion  of  Louisiana  are  received  uy  this  route,  and  the  fuel,  fencing,  and  material 
for  buildings,  as  well  as  all  ordinary  sujiplies,  are  brought  up  the  stream ;  the  exports 
being  sugar,  cotton,  cattle,  and  many  other  products  which  are  shipped  chiefly  to  New 
Orleans.  I  was  told  that  the  Teche  country  produced  more  sugar  than  any  oilier  equal 
area  of  the  State,  and  that  it  is  possible  with  increased  facilities  for  i^roduction,  sach 
as  cheaper  freights  and  possibility  of  shipment  at  any  time  of  year,  to  increase  the  sngar 
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«ro]^  of  tliis  region  to  far  more  than  the  present  entire  production  of  the  State.  The 
BftTigation  of  tne  Teche  is  so  connected  with  that  of  the  Atchafalaya  and  the  various 
VNites  of  communication  between  that  stream  and  the  Mississippi  River,  and  also 
irith  imj^rovement  of  the  other  delta  bayous  De  Glaise,  Courtableau,  Atch<^falaya, 
PlAquemme,  and  Vermillion,  that  one  general  plan  should  be  adopted  and  carried  out, 
TiSy  making  slackwater  in  the  various  smaller  bayous,  and  connecting  all  of  them 
with  the  great  central  channel  of  the  Atchafalaya  at  different  points,  and  providing 
ifixr  its  permanent  connection  with  the  Missinsippi,  either  through  Red  River  or  Pla- 
iqaemine. 

The  estimate  for  improving  the  Teche  would  be  as  follows : 

Semoving  snags  and  stimips  between  New  Iberia  and  Saint  Martinsville $1, 500 

fiemoYing  snags  and  trees  from  Saint  Martinsville  to  Breaux  Bridge,  15  miles, 

at  $100  per  mile 1,500 

Bemoving  snags  and  trees  from  Breaux  Bridge  to  Amaudville,  15  miles,  at  $200 

per  mile 3,000 

Bemoving  snags  and  trees  from  Amaudville  to  Leon's  Bridge,  6  miles,  at  $150 

per  mile 900 

Dam  and  southwest  outlet  of  the  Fusilier  swamps 1,000 

Three  needle  dams  and  locks,  at  $15,000  each 45, 000 

Engineering  and  contingencies,  10  per  cent 5, 290 

Total 1 58,190 

No  estimate  is  included  in  the  above  for  dredging,  buf^it  is  because  if  slackwater 
navigation  is  determined  on  there  will  be  sufficient  depth  on  these  bars,  and  by  clos- 
ing ditches  and  turning  drainage  in  the  other  direction,  the  bars  will  probably  disap- 
pear. It  may  be  found  that  on  deepening  the  upper  portion  of  the  bayou  by  raising 
the  water-surface  there  will  be  some  little  dredging  of  bars  needed  below  the  lower 
4am  to  make  the  increased  depth  above  available ;  but  if  so,  and  if  a  change  in  the 
elaas  of  boats  to  stem-wheel  boats  should  not  of  itself  remedy  the  evil  of  these  bars, 
it  will  be  soon  enough  then  to  dredge  the  few  lower  bars  when  the  locks  are  mad^. 

A  chart  of  the  survey  is  made  on  a  scale  of  si^i  &&  ^^^  down  as  Saint  Ma^insville, 
below  which  the  chart  made  by  Mr.  Duke  gives  all  the  available  data. 
Yours,  respectfully, 

H.  C.  Collins, 
Aasiatant  Engineer. 
Mai.  C.  W.  Howell, 

Chrps  of  Engineer 8 f  U.  S.  A, 


examination  of  bayou  courtableau,  louisiana. 

United  States  Engineer  Office, 

ISew  OrleanSj  February  27,  1880. 

Oenebal  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Bngineer  n.  C.  Collins  on  examination  of  Bayou  Courtableau,  Louis- 
iana, provided  for  in  act  of  Congress  approved  March  3, 1879.  Tracings 
of  chart  drawn  to'a  scale  of  j^^^  will  be  forwarded  in  a  separate  pakage. 

The  recommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
forth  in  his  report,  and  are  concurred  in.  His  estimates  are  also  ap- 
proved ;  $60,000  could  be  expended  to  advantage  on  the  work  during  the 
ensuing  fiscal  year. 

The  work  will  constitute  a  permanent  improvement  in  the  ordinary 
acceptance  of  the  word  permanent. 

The  importance  of  the  work  and  all  information  obtainable  concern- 
ing the  commercial  statistics  are  given  in  the  report  of  Mr.  Collins. 

The  work  is  located  in  the  collection  district  of  New  Orleans.    The  nearest  light- 
house is  at  the  entrance  to  Atchafalaya  Bay. 

Very  respectfully,  your  obedient  ser\'ant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 
Chief  of  Engineers  J  U.  8.  A. 
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KKrilKT  OF  MR.   U.   C.   COLLINS,   ASSISTANT  ENOINBEB. 

New  Orleans,  La.,  Januarjf  31,  1880. 

Ma.iou:  I  Iiiivc  tli«^  honor  to  submit  the  following  mport  of  the  examination  audi 
HurvcyH  of  liayoiiH  K<»eii1'  and  Courtableau,  from  the  head  of  the  Lamoniie  to  ih» 
JinK'.tiou  with  th»  Att-hafahiya  River. 

Thf  bayou,  though  having  two  names  in  diiSerent  parts  of  its  course,  is  really  ono 
stroani,  and  Iijih  b('(«n  mo  couHidenMl  in  making  this  examination.  Its  former  sonroe 
was  thii  U(^d  Kivor,  and  it  (empties  into  the  Atchafalaya  River. 

Huyou  Robert,  wliich  once  brouglit  the  water  from  Red  River  and  furnished  a  lazge- 
portion  of  tbo  water  of  thin  bayou,  was  closed  many  years  ago,  and  with  it  all  upper 
conncrtKui  with  Red  Kivrr  cramMl.  The  water  at  low  stage,  which  now  forms  the 
Htrcani  at  tlit^  beginning  of  this  survey,  comes  from  the  pine  woods  hills  on  the  sonth 
side  of  Ketl  River  and  to  the  westward  of  the  bayou.  Above  the  beginning  of  the 
survey  iH  a  birge  eynress  swani]>,  which  fonns  a  reservoir  and  prevents  any  sadden 
floiHiN  from  raiuH  in  the  hill  country. 

At  the  low  water  Htagc  of  the  bayou  about  two-thirds  the  water  coming  from  above 
is  loNt.  down  the  lo'inionritN 

A  very  Nniall  portion  of  the  wat4>r  now  running  down  the  Lamourie  would  suffice  for 
all  neeeHNitieHof  the  few  plantations  on  its  banks;  and  closure  of  the  bayou  at  ite  head, 
except  iiig  what  water  was  needed  for  them,  would  give  fully  double  the  present  amonnt 
in  Itayou  Hoenf. 

The  hankH  and  country  on  each  side  (»f  the  Bocuf  are  of  red  soil,  which  is  evidently 
th(^  deiioNit  of  ICed  Ki  ver.  The  banks  arc  nowhere  caving,  and  are  several  feet  higher 
than  tile  highcNt  floods. 

Tht^  descent  is  from  the  immediate  banks,  away  from  the  Ji)ayou  on  each  side,  to  low 
cypress  swamps. 

'  The  slope  varies  greatly,  as  the  banks  of  the  bayou  are  very  uniform  in  their  height, 
as  are  tlu^  cypn'ss  swani])s,  and  the  distance  from  the  bank  to  the  swamp  varies  be- 
tween one-<iuarter  of  a  mile  and  3  or  4  miles.  No  levels  were  run  across  tne  valley  to 
det4^'mine  tlie  ditferences  of  level  between  the  top  of  the  bank  and  the  cypressswamp 
back  of  the  iields,  but  it  is  probably  12  *»r  15  feet. 

The  bayou  runs  in  gr«  at,  swee]>ing  bends,  such  as  would  be  foimed  by  a  stream  larger 
than  it  now  is,  and  ib  had  at  some  time  sufficient  water  supply  to  overflow  its  banks  at 
high  river,  and  sntTlciriit  current  to  wear  away  its  banks,  as  the  bends  are  such  as  are 
nuule  by  caving  banks. 

Kince  the  present  i-.onditions  hnve  been  in  operation  the  banks  have  become  covered 
with  trees  and  bush<'s  from  their  tops  to  about  the  low-water  line,  and  in  many  places 
cypress  treses  of  great  t»ize  have  grown  in  the  bed  of  the  stn^ani  or  on  its  immediate 
banks,  and  where  they  have  been  cnt  their  stumps  reuniin  as  low-water  obstructions. 

The  banks  are  everywhere  cultivated,  from  the  top  of  the  ridge  near  the  bayou,  baok 
near  to  the  cypress  swamps. 

Drainage  is  back  to  the  swamps  except  in  those  bends  where  cut-offs  had  almost  taken 
place  at  tlie  close  of  the  ]>eriod  of  caving  banks. 

The  lands  are  very  fertile,  and  immense  crops  of  cane,  cotton,  and  corn  are  raised. 

The  bayou,  at  the  low- water  stage,  is  very  much  too  small  for  90  miles  above  Wash- 
ington for  navigation,  even  with  the  smallest  boats,  as  it  is  but  1  foot  in  depth  in  many 
places,  and  any  deepening  of  these  places  would  but  draw  otf  the  water  of  the  pool 
abov(%  and  perhaps  transfer  the  position  of  the  shoal,  but  not  in  the  least  increase  the 
depth  for  pur])oses  of  navigation. 

Closure  of  Bayou  Lamourie  would  furnish  water  enough  to  make  a  low-water  chan- 
nel of  2^  feet,  except  at  periods  of  long  droughts,  and  were  the  logs  in  the  bed  removed 
and  the  overhanging  trees  cut,  would  probably  afford  a  depth  ot  4  feet  or  more  for  the 
winter  months,  when  there  is  most  rain. 

The  small  barges  which  are  at  prestmt  used  can  take  freight  on  this  depth,  and  the 
steamei-s  can  tow  them  ;  but  for  any  really  useful  low-wat<?r  transportation,  locks  and 
slack  water  navigation  will  1»*^  needed.  The  survey  of  the  upper  portions  of  the  bayoa 
t*>  within  a  few  miles  of  Washington  was  made  by  Mr.  George  O.  Kims,  and  that  below 
wjis  made  by  myself,  with  his  assistain-e. 

The  croH8-s(>ction  made  above  the  head  of  Jjamourie  gives  a  low- water  area  of  540 
square  feet  in  the  p*)ol  where  the  cross- sect  ion  was  made. 

At  the  extreme  high- water  of  1874,  3,040  s<iuare  feet  area  and  the  tops  of  the  banks 
8  feet  higher  would  in(Teas<i  this  cross-section  area,  if  they  were  full,  2,720  squaro  feet, 
showing  that  the  channel  is  capable  of  carrying  double  the  water  found  in  it  at  the 
highest  floods. 

The  cross-section  of  the  Lamourie,  nearly  2  miles  below  its  head,  gave  aii  area  in 
the  pool  at  low-water  of  1(K>  s(|uare  feet,  and  at  the  height  of  high-water  of  1874  of 
620  square  feet.     The  to])s  of  the  banks  were  3  fe<»t  above  this  height. 

The  depth  on  the  first  lipple  below  the  Lamourie,  on  the  Boeu^was  but  1  foot,  and 
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ltd  exttenie  width  hut  40  feot,  giving  a  cross-section  area  at  extreme  low-water  of  hut 
28  feet. 

The  entrance  of  Bayou  Clear,  at  the  middle  of  the  fourth  mile,  rather  more  than 
dODhlett  the  amount  in  the  Boeuf.     It  conit^a  from  the  hills  west  of  the  delta  valley. 

On  the  twelfth  ihile  is  a  small  bayou  which  enters  from  the  west.  Below  this  all 
the  west  side  drainage  goes  to  the  Cocodrio  Swamps,  which  here  form  the  west  side 
of  the  valley  and  border  on  the  west  hills.  That  on  the  east  side  finds  its  way  through 
swamp  channels  to  Bayou  Hnffpower  and  Bayou  Rouge. 

No  stream  enters  and  none  leaves  until  we  reach  the  Huffpower,  on  the  fortj'-third 
mile,  which  is  an  old  channel  leading  to  the  westward,  and  much  more  tilled  by  late 
deposits)  than  the  Boeuf,  and  is  dry  at  its  head,  with  a  rise  of  less  than  7  feet  in  the 
Boenf.  It  thtTefore  does  n*»t  in  the  least  injure  navigation  in  the  Boeuf,  as  when  tliere 
is  a  10-foot  rise  but  a  very  small  stream  runs  down  the  Huffj)ower,  and  there  is  no 
risk  of  its  again  cutting  out  to  take  any  large  amount  of  water  from  the  Boeuf,  as  it  is 
decreasing  aiul  has  little  fall. 

The  banks  are  almost  perfectly  uniform  from  here' to  the  mouth  of  the  Cocodrie, 
"which  enters  from  the  west  at  the  end  of  the  eighty-sixth  mile,  and  below  the  mouth 
of  which  the  name  U  changed  to  Courtableau. 

The  cross-section  is  almost  exactly  the  same  as  at  the  head  of  the  survey.  The 
banks  are  of  ei[ual  height  above  the  high-water  marks,  being  everywhere  covered 
"with  overhanging  trees. 

The  bed  of  the  bayou  has  many  logs  and  stump.-*  auil  some  standing  cypress  and 
^m  trees.  There  arc  fre<iuent  bridgtjs,  all  of  which  havii  draws  for  passage  of  steam- 
ers. The  dei)th  on  the  ripples  is  but  1  foot  at  extreme  low-wat(»r,  an<l  in  itd  narrow- 
est place  the  width  is  but  about  '20  f<;et. 

Tne  overhanging  trees* are  so  thick  that  a  rise  which  would  give  good  navigation 
were  they  ren\oved  will  only  permit  small  steamers  with  a  widtii  of  about  20  feet  to 
pass,  and  they  have  smoke-stacks  with  joints  to  lower  for  passing  under  low  trees. 

Some  years  ago  a  lock  was  begun  by  a  stock  company,  under  an  ap})ropriation  from 
the  State.  It  was  locat4?d  at  the  upper  end  of  a  shoal  600  feet  long,  which  is  found 
just  above  the  junction  of  the  Boeuf  and  Coqodrie.  It  would  not  have  been  of  any 
use  if  it  had  been  completed,  which  it  never  was,  as  when  there  was  water  enough  to 
get  to  it  there  was  enough  to  do  without  it.  It  now  forms  a  slight  obstruction  where 
one  comer  projects  into  the  channel,  but  it  can  be  easily  remove*!. 

The  amount  of  wat^^r  coming  down  the  Cocodrie  at  low-wat.er  is  more  than  double 
that  which  comes  in  from  the  Boeuf.  The  west  bank  of  th(»  Courtableau  here  at  its 
head  is  also  the  west  side  of  the  delta  valley,  and  high  bluffs  form  the  west  bank  of 
the  bayon,  rising  100  feet  or  more  w^ithin  half  a  mile. 

One  mile  below  the  junction  a  cross-section  was  taken,  at  a  place  where  there  was 
a  current  of  about  1  foot  per  second  at  the  time,  which  was  extreme  low-water.  The 
low-water  area  was  180  square  feet,  and  that  at  the  height  of  the  1874  water-mark 
"was  3,400  square  feet;  this  was  several  feet  below  the  top  of  the  bank  and  is  the  high- 
est water-mark  observed. 

Althongh  the  alluvial  bank  on  the  east  side,  and  all  that  above,  is  nowhere  caving, 
the  bank  does  cave  all  along  the  bluff  land  at  every  jdace  where  the  stream  touches  it. 

The  town  of  Washington  has  half  a  mile  front  on  the  bayou  on  the  fourth  mile,  and 
the  3^  miles  above  it  are  lined  with  overhanging  trees  on  both  sides,  and  there  are 
many  loj^s  in  the  channel  as  on  the  Boeuf  above. 

Washington  is  situated  on  the  west  bank  on  a  bluff  formation,  and  it  is  a  place  of 
lunch  importance  as  a  shipping  point  for  a  lar^^e  amount  of  freight,  and  head  of  navi- 
gation for  the  larger  boats  during  a  great  ])ortion  of  the  year. 

There  is  a  draw-bridge  about  the  center  of  the  town,  and  a  cross-section  taken  from 
it  gave  a  low- water  area  of  140  sqnare  feet,  and  at  the  height  of  1874  high- water  mark 
it  was  3,590  square  feet;  the  rise  at  that  time  was  23  feet  above  extreme  low-water, 
yet  was  several  feet  below  the  top  of  the  east  alluvial  bank. 

There  are  very  few  overhanging  trees  below  Washington,  but  near  the  middle  of 
the  fifth  mile  is  a  saw-mill,  where  for  nearlv  half  a  mile  the  old  saw-logs  and  butts  of 
logs  which  have  been  cut  off  and  rolled  in  form  a  complete  blockade,  with  less  than  a 
3-foot  rise.     All  of  them  must  be  taken  out. 

The  shoalest  places  have  about  2  feet  of  water  at  extreme  low.  On  the  sixth  mile 
Bayon  Caron  joins  the  Courtableau  from  the  west,  and  with  less  than  a  12-foot  rise  of 
the  Courtableau  it  runs  into  it,  but  there  is  a  coniieoiion  2  miles  above,  through  the 
Maricoquant,  which,  with  a  rise  greater  than  that  i:i  the  C*)urtableau,  takes  the  water 
to  the  southward,  to  the  Teche.  The  Caron  to  this  junction,  the  Maricoquant,  and 
the  Teche  below,  all  have  the  same  banks  of  Red  Riv«r  for»n:ition  as  the  Courtablean, 
hat  the  Caron  above  this  junction  is  merely  a  hill  stream,  with  black  or  gray  deposit 
from  the  bluffs. 

At  Barry's  Landing,  on  the  thirteenth  mile,  th&  Teche  leaves  to  the  sunthward,  and 
at  times  of  great  lloocis  carries  off  a  large  amount  of  water  from  the  Courtableau,  but 
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it  is  for  tho  first  4  miles  much  obstnicted  and  only  riius  at  present  with  an  d-foot  riw 
of  the  Courtableau. 

It  here  bears  marks  of  having  once  been  far  lar^^cr  than  it  is  at  present.  About 
the  middle  of  the  seventh  mile  Bayuu  ToiilouHe  once  ran  out  of  the  Courtableau  and 
emptied  into  the  Teche,  but  a  dam  has  been  ma<le  acros:)  its  head  aitd  a  ditcli  cut  from 
it  across  the  bottom  laud,  entering  the  Courtableau  near  the  beginning  of  the  tenth 
mile,  and  ca  using  a  bad  bar. 

At  the  beginning  of  the  eighth  mile  the  Little  and  Big  Ouacksha  bayous  enter,  near 
each  other,  from  the  north,  and  at  high- water  times  bring  in  simie  water  from  Red 
River. 

Small  steamers  always  run  iii»  the  C<nirtableau  nt  low- water  as  far  as  the  landing 
below  the  Ouacksha,  and  the  depth  between  there  an<l  Barry's  Landing  is  6  to  10  feet, 
except  where  two  drains  enter,  one  from  Bayou  Toulouse  and  the  other  from  the  op- 
posite side  on  the  ninth  mile.  On  each  of  tbetse  short  bat's  is  a  dex>th  of  3  feot  at 
extreme  low-water;  bi)tli  are  t»f  recent  origin  and  can  be  removed  by  dredging  or  by 
removing  their  cause  by  closure  <)f  the  ditclies. 

At  Barry's  Landing  is  a  bur  quite  variable  iu  its  jiositiou,  but  which  is  caused  by 
the  high-water  from  ived  Kiver  backing  up  the  Courtableau  und  that  entering  from 
the  north  side  bayous  running  across  the  Courtableau  down  the  Teche.  The  bar  is 
near  the  head  of  tbe  Teche,  and  ut  times  of  discharge  down  it  in  floods  there  is  little 
or  almost  no  down  current  in  the  Courtableau  past  that  point. 

Tbe  surface  of  this  bar  is  washed  otl"  as  the  bay<m  falls,  and  there  is  but  sehloin  so 
little  as  4  feet  depth  on  it  at  lowest  water. 

At  the  tinu^.  of  the  survey,  the  middle  of  October,  1879 — at  extreme  low-water  as 
it  then  was — there  was  a  slight  current,  anumnting  to  1  foot  per  second,  on  the  shoal 

£  laces  as  far  down  as  the  eighth  mile,  but  below  that  the  cum^nt  slackened  until  at 
Carry's  Jjanding  and  below  it  was  about  1  foot  in  10  seconds,  decreasing  1>elow  as  the 
cross-section  at  low- water  increases,  until  it  is  so  slight  that  small  objects  on  tho  surface 
lloat  up  or  down  as  driven  by  the  slighest  breeze. 

In  a  bend  on  the  eighteenth  mile  the  bank  is  so  washed  that  a  fresh  surface  is 
exposed  on  a  slide,  and  tor  Hfeet  above  low-water  the  bank  is  of  blue  clay,  which  does 
not  wash,  overlaid  by  10  to  15  feet  of  Ked  River  formation.  The  old  red  deposit  onoe 
jmt  on  this  blue  clay  slope  api)eared  to  have  recently  slid  or  been  washed  in.  Near 
the  top  of  the  blue  <'lay  were  some  roots  of  cyjiress,  which  did  not  reach  up  into  the 
red  land  above,  and  in  the  red  land  above  were  a  few  pieces  of  ancient  drift  found, 
and  more  or  less  of  tlu'in  every  wher(^  on  tho  Bceuf.  Every  one  of  these  which  retainea 
the  substance  of  the  wood  enough  to  enable  me  to  d(?termiue  what  it  was  I  found  to 
be  red  cedar,  and  iu  many  eases  a  log  or  ])iece  of  drift,  though  blackened  and  soft  for 
an  inch  in  depth,  had  yet  inside  that  a  sound  red  ci^dar  heart,  retaining  not  only  the 
color  but  the  smell  of  the  new  wood. 

The  out^r  side  of  the  bend  next  below  this  had  the  blue  clay  bank  exposed  by  wash- 
ing off  of  the  red  surfacre,  and  it  was  the  same  height  above  water.  At  Barry's  Land- 
ing the  high-water  of  1874  is  near  2  feet  below  the  toi>  of  the  bank  on  the  south  side, 
but  2  miles  below  it  is  at  the  surface,  and  on  the  seventeenth  mile  is  3  feet  above  on 
the  narrow  ridge  on  the  south  side,  and  so  high  as  to  wash  away  fences  a  few  hundred 
feet  south  from  the  bank.  Nearly  the  entire  distance  from  here  to  the  Atchafalaya 
was  then  covere<l. 

The  land  on  the  north  side  of  the  Courtableau  is  somewhat  lower  than  it  is  on  tho 
south.  Below  where  (he  banks  of  the  C*)urtableau  were  covero<l  deeply  in  the  flood 
of  1874  the  general  course  of  that  tlood  was  southward  directly,  follownig  the  channel 
of  the  Courtablean  for  sliort  distances  only  as  it  ran  in  tbe  direction  in  which  it  was 
moving,  and  often  for  short  <li stances  rnnning  up  the  stream. 

Near  the  cud  of  the  nineteenth  mile  is  a  pile  of  oak  h»gs,  reaching  entirely  across 
the  channel.  an<l  the  pari  of  it  which  had  not  b«»en  rem<»v*Ml  is  about  t>  feet  above  low- 
water.  A  cliannel  through  tliis  barricade  has  liecn  made  by  j)ulling  out  logs  so  as  to 
give  a  low-water  depth  of  ;">  feet  for  a  wi<ltii  of  50  feel. 

Through  changing  their  places  in  times  of  high-water  these  logs  at  times  form  an 
obstruction  to  navigation  \\}ii<'h  may  in  some  cases  be  quite  serious;  but  the  whole 
block  of  logs  can  be  easily  ]>ulh.Ml  out  on  tlu^  bank  at  low-wat^^r  and  bunied. 

At  the  bend  on  the  south  side,  near  the  end  of  the  nineteenth  mile,  the  blue  clay 
surface  is  5  feet  above  water,  and  in  the  o]>posite  bc;u<l,  500  feet  above,  it  is  at  the 
same  height,  covered  in  both  eases  by  about  10  feet  of  red  soil.  The  surface  of  the 
blue  clay,  in  both  instances,  was  evidently  a  cypress  swamp  when  the  red  dei>08it  )>e- 
gan  to  be  made,  and  the  chanm^l  in  the  blue  clay  was  niade  before  that  time  and  was 
much  longer  than  the  present  channel,  as  but  one  side  of  the  present  channel  is  worn 
into  the  blue  clay,  while  the  op})osite  is  Red  River  deposit,  like  that  above  the  bine 
clay,  lining  an  unknown  ]u'oportion  of  the  ancient  bed. 

Te  red  soil,  though  resisting  the  washing  of  a  current  far  better  than  that  of  the 
west  bluifs  of  the  valley  at  Washington,  is  easily  washed  compared  with  the  bluo 
clay. 
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On  tlie  twentieth  mile  Bic  and  Little  Darbon  bayous  ent^r  from  the  north.  Both 
have  large  channels,  though  orini^in};  atlow  stages  very  little  water.  The  Courtableaa 
is  here,  at  low-water,  100  to  150  feet  in  width,  and  13  to  15  feet  deep. 

At  the  middle  of  the  twenty-lirst  mile  is  a  south-side  bayou,  which  runs  with  an  8- 
foot  rise,  and  near  the  end  of  the  same  mile  Bayou  Jummel  leaves  on  the«outh.  A 
small  sand-bar  in  its  head  is  '^  feet  above  extreme  low-water,  but  the  channel  is  wide 
anfl  at  hijrh- water  has  a  large  discharge. 

The  bottom  lands,  on  each  side,  are  13  feet  above  extreme  low-water,  and  a  water- 
mark on  trees  was  5^  feet  higher.  The  high- water  mark  ai)])ears  to  vary  greatly,  de- 
pending on  the  esca])e  to  southward  of  the  water  coming  in  from  the  north,  and  near 
the  Jummel  it  was  11  feet  lower  than  a  mile  above. 

Blue  clay  shows  at  every  bend  where  the  curi'ent  meets  any  old  bank. 

Near  t lie* beginning  of  tfie  twenty-third  mile  the  bank  on  the  north  side  is  12  feet 
highi  but  it  falls  before  reaching  the  middle  of  the  mile  to  7  or  8  feet,  and  continues 
at  that  height,  with  some  yet  lower  places,  imtil  the  middle  of  the  twenty-sixth  mile, 
showing  a  strong  eurituit  at  high-river. 

On  the  opposite  stnith  bank  the  high  land  has  a  break  1,200  feet  wide,  where  the 
water  runs  with  a  7-foot  rise  ;  it  is  mneh  washed. 

On  the  twenty-fourth  mile  two  bayous  leave  on  the  south  side,  which  run  with  a  5 
to  8  foot  ris4S  Imt  the  intervening  land  is  12  to  13  feet  high. 

The  twenty- tifth  mile  has  *»ne  bayou  60  feet  wide  and  5  feet  deep  at  low-water  at  its 
head,  bnt  which  is  so  choked  below  that  no  water  escapes  at  extreme  low-water. 
Three  other  bay-ous,  which  run  with  a  5, 6,  and  7  foot  rise,  leave  on  the  right  bank  on 
the  same  luile,  but  the  land  between  is  15  feet  high ;  7^  feet  of  this  is  bine  clay. 

There  are  eight  bayous  on  the  south  side  on  the  twenty-sixth  mile,  the  upper  two  of 
"which  run  with  a  2-foot  rise ;  the  next  two  with  a  6-foot  rise  ;  next  is  Mamselle  Bayou, 
"which  is  70  feet  wide  at  low-water,  but  has  no  enrrent  at  such  time,  though  it  is  a 
very  large  stream  at  high-wat-er ;  the  other  three  are  small  bayous.  Land  between 
these  is  lO  to  14  feet  high,  and  shows  a  strong  current  at  high- water,  though  the  sur- 
face is  little  washed,  being  thickly  covered  with  trees  and  bushes. 

On  thf.  left  bank,  at  the  head  of  the  twenty-seventh  mile  is  a  high  tract  where  blue 
clay  shows  5  feet  high,  with  5  to  8  feet  of  red  soil  above  it. 

On  the  south  side,  a  few  hundre<l  feet  back  from  the  bayou,  at  the  head  of  the 
twenty-seventh  mile,  are  two  m(muds  10  fe*'t  above  the  highest  floods.  Just  below 
them  the  Fordoehe  Bayou  runs  out  to  the  southward ;  it«  channel  was  3  feet  deep,  but 
it  had,  at  low-wate,  no  current.  This  was  the  channel  for  steamers  previous  to  clear- 
ing out  the  raft  from  the  Atchafalaya,  and  it  forms  a  connection  through  Bayou  La  Rose 
"withjGrand  Lake  below,  and  there  are  many  cross-channels  between  it  aiid  the  Atch- 
afalaya. It  has  not  been  used  since  the  onening  of  the  other  bayons.  On  its  south 
bank  I  fonnd  an  old  high- water  mark,  made  by  drift  which  was  9  feet  above  the  sur- 
face where  the  bank  was  13  feet  high,  showing  that  within  20  or  30  years  a  flood  had 
risen  here  22  feet  above  low-water.  Blue  clay  on  its  bank  is  7  feet  and  red  soil  6  feet 
deep. 

At  the  hea<l  of  the  twenty-eighth  mile  the  right  bank  was  13  feet  high,  and  this 
year's  high- water  mark  2  feet  above  it.  Two  narrow  bayons  run  out  with  a  4-foot 
rise,  and  on  the  middle  of  the  mile  is  a  washed  channel  1,<)00  feet  wide,  3  to  6  feet 
above  low-water.  Much  drift  has  lodged  in  it,  which  ]»robably  came  from  Bayou  Big- 
■eroau,  which  by  four  mouths  enters  from  the  north.  It  is  evidently  a  very  large  bayou 
at  high-wat<»r,  but  no^vat^^r  enters  from  it  at  low-water.  The  entire  distance,  2,500 
feet,  between  its  extreme  mouths  is  a  swamp  bnt  3  feet  above  low-water  and  bearing 
marks  of  strong  (;urrents  at  flood  seasons. 

On  the  south  side,  at  the  beginning  of  the  twenty-ninth  mile,  is  a  bayou  which  is 
entirely  covered  with  standing  tre<^s,  and  its  bed  is  but  3  feet  above  low-water.  For 
one-half  a  mile  below  the  bine  clay  is  seen  in  the  right  bank  5  feet  above  water,  with 
2  to  5  feet  of  red  soil  above  it. 

One  small  bayou  leaves  at  the  end  of  this  mile  and  one  at  the  beginning  of  the  next, 
and  one  enters  from  the  north  just  opposite  this  last.  Six  hundred  fdict  below,  English 
Bay  on  leaves  to  the  southward ;  it  is  70  feet  wide  and  5  feet  deep  at  low- water,  bnt 
with  no  low-water  current.  In  its  banks,  and  those  of  the  river  near,  the  blue  clay 
was  5  feet  above  water,  with  6i  to  8  feet  of  red  soil  above  it. 

Little  Fonloche  Bayou  leaves  at  the  end  of  the  thirtieth  mile,  and  a  bayou  enters 
from  the  north,  directly  opposite  its  bead. 

The  depth  of  the  Courtableau  is  here  18  feet,  but  it  shoals  ver\-  fast,  and  at  the  bo- 
ginning  of  the  thirty-tii-st  mile  it  is  bnt  10  feet,  400  feet  below  but  6i  feet,  and  2,000 
Met  lieTow  the  beginning  of  the  thirty-first  mile  it  has  shoaled  to  but  1  foot.  This 
shoal  is  called  liittle  Devil  Bar.  It  is  of  a  loose,  easily  wiished  sand,  and  extends  to 
1,200  feet  below  the  end  of  the  thirty-first  mile,  being  about  6,500  feet  long  at  present. 

Near  the  hejwl  of  the  bar  a  bayou  enters  from  the  north,  and  there  is  a  mile  of  low 
swamp  which  is  bnt  3  or  4  feet  above  low-water  and  is  said  to  be  all  bayou  at  high- 
water. 
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The  south  hank  is  high  except  at  the  hayoiiSy  which  run  with  a  rise  of  3  to  4  feet. 
The  entire  surface  on  the  south  bank  is  7^  to  14  feet  above  low-water.  Flooiis  from 
above  on  the  Courtableau  and  from  bch)w  on  the  At-chafalaya  meet  here  and  pans  off 
to  the  southward  througli  these  bayous  and  over  tlie  bank.  It  is  only  at  times  of  low- 
water  in  the  Atchafalaya  and  high- water  in  the  Courtableau  thai  any  water  runs 
from  the  Courtableau  into  the  Atchafalaya,  except  in  extreme  low-water.  There  is  a 
current  up  over  the  oai  whenever  there  is  a  rise  of  5  feet  above  extreme  low-water  in 
the  Atchafalaya. 

The  cross-section  at  low- water  on  the  bar  varies  hourly  with  the  washing  away  of 
sand  in  any  particular  place.  The  narrowest  place  at  the  time  of  the  survey  was  20 
feet,  with  a  depth  of  2  feet,  but  the  shoalest  i>lace  was  but  4  inches  deep. 

All  low-water  freight  passes  this  bar  from  the  small  steamers  above  to  the  larger 
oneu  below  by  very  light,  flat  barges ;  but  there  are  many  times  when  it  is  perfectly 
dry  on  the  sand,  and  tlie  whole  upper  discharge  goes  by  one  of  the  little  bayous  above, 
which  were,  at  the  time  of  the  survey,  so  fille*l  as  not  to  run.  Then  freight  is  rolled 
over  the  bar.  The  transfer  by  either  means  is  much  more  expensive  than  the  entire 
freight  from  Washin<j;ton  to  New  Orleans  with  good  navigation. 

The  position  <»f  this  bar  varies  with  the  relative  height  of  tlie  two  bayous,  and  it 
has  been  at  the  mouth  of  the  Courtableau,  though  seldom  much  above  its  present  po- 
sititm. 

When  there  is  low-water  in  the  Atchafalaya  and  a  freshet  comes  down  the  Courta- 
bleau, it  .sometimes  sweeps  the  whole  bar  out  into  the  Atchafalaya,  and  it  passes  away 
only  to  be  replaced  at  the  next  succeeding  high-river  from  the  Atchafalaya. 

From  the  lower  t^nd  of  Little  Devil  I^ar  to  the  Atchafalaya,  is  but  three-quarters  of 
a  mile,  and  the  de])th  at  low-water  is  from  1*2  U>  14  feet.  This  channel  is  (JO  feet  in 
width,  but  is  bordered  with  standing  trees  and  stumps. 

The  red  deposit  on  which  these  trees  grew  has  lately  slid  in,  with  its  growth  of 
trees,  .is  far  as  thtyold  blue-clay  l)ank,  and  tbe  present  surface  of  the  portion  slid  iu 
is  from  '^  feet  above  to  10  feet  below  the  low-water  line.  The  blue  clay  is  seen  on  both 
sides,  7  ihi't  above  low-water,  with  .^  to  6  feet  of  red  soil  above  its  surface  on  the  left 
bank  and  G  or  7  feet  on  the  right  bank.  Th(^  entire  fall  across  the  bar  at  the  time  of 
the  survey  <li<l  not  exceed  \\  feet,  and  was  probably  much  less,  but  no  levels  were 
taken.  Th(^  fall  from  Carry's  Landing  to  the  head  of  the  bar  was  not  enough  to 
give  a  discharge,  at  the  time  of  tbe  survey,  of  more  than  t)0  cubic  feet  per  second, 
which  was  the  amount  i>assin^  over  the  bar. 

The  width  below  Little  Devil  Bar  between  the  surface  of  the  blue-clay  banks  is  270 
to  300  feet.  Wrre  the  stumps  and  trees  on  the  slides  pulled  out,  the  red  soil  of  the 
slides  vronld  i)robably  be  soon  washed  out. 

There  are  two  small  bayous  on  this  three-quarters  of  a  mile,  both  of  which  have 
high  banks  and  are  cut  down  4  or  5  feet  into  the  blue  clay. 

The  left  bank  of  the  Atchafalaya,  at  the  mouth  of  the  Courtableau,  has  blue  clay 
for  7  feet  above  low- water,  with  7  or  b  feet  of  Red  River  dejiosit  above  it. 

Tlie  cross-section  of  the  Courtableau  was  taken  Just  below  the  bar  and  at  the  mouth, 
and  also  that  of  the  Atchafalaya  just  below.  The  area  at  low-water  of  the  first  of 
these  cross-sections  was  2,175  stjuare  feet,  and  at  the  level  of  the  top  of  the  bank  it 
was  0,000  square  feet ;  but  the  high-water  mark  was  some  feet  above  the  top  of  the 
bank. 

At  the  mouth  of  the  Courtableau  the  l*)w- water  cross-section  had  an  area  of  2,160i 
square  feet,  almost  exactly  the  same  as  that  taken  half  a  mile  above;  but  at  high- 
water  here  the  bayou  has  but  one  bank,  joining  the  Atchafalaya. 

The  low  cross-section  of  the  Atchafalaya  was  5,1()0  square  feet,  and  the  current  at 
the  place  was  at  least  1  foot  per  se(;ond. 

At  this  time  all  of  Red  River  and  a  stream  from  the  Mississippi  River,  through  the 
dredged  channel,  which  gave  at  the  time  a  discharge  of  about  3(50  cubic  feet  i>er  boc- 
oud,  ran  down  the  Atchafalaya. 

Were  the  banks  filled,  the  cross-section  of  the  Atchafalaya  here  would  be  increased 
7,800  square  feet,  or  to  12,900  square  feet,  but  it  rises  in  high-wat.er  se:isons  far  above 
its  banks,  and  Bayou  Alabama  ha<l  left  the  Atchafalaya  above  the  Courtableau,  and 
has  a  cross-section  nt^arly  as  large  as  the  Atchafalaya. 

There  was,  in  the  Hood  of  1^*74,  little,  if  any,  land  above  water  between  the  Atcha- 
falaya and  the  Mississippi  rivers. 

The  first  obstacle  to  navigation  in  the  Courtableau  is  Little  Devil  Bar,  and  it  has 
been  removed  by  natural  causes  tw*)  or  three  times  already.  By  making  works  which 
will  give  the  same  conditions  as  those  operating  when  the  bar  wjis  washed  oat  by 
these;  natural  causes  I  think  we  can  depend  on  ntaching  the  same  result.  By  a  dam 
at  each  of  the  bayous  on  the  scmth  Hitle,  which  would  keep  all  the  water  of  the  Court- 
ableau from  running  off  to  the  southward,  with  a  rise  of  less  than  10  feet,  and  a  levee 
where  the  height  of  the  bank  was  below  that,  and  so  protecting  their  lower  slope  that 
water  could  safely  run  over  whenever  a  floml  should  rise  above  that,  we  would  not 
materially  decrease  the  total  amcmnt  «)f  water  discharge  over  the  south  bank  in  flooda 
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like  that  of  1874,  and  would  find  that,  at  any  time,  as  the  watov  ft'll  bt?low  th"  toj)  of 
"the  leveod  south  bank,  we  wonUl  a^aiu  have  exactly  the  contliiions  necessary  lor  nat- 
ural removal  of  whatever  sand  had  hi  en  deposited  at  the  previous  hit^h-river  season. 
Although,  with  a  flood  of  siitlieient  hei/rht  to  raise  the  water  very  ninrh  above  tliej^e 
dams,  the  current  would,  ;is  at  pn^sent,  run  from  the  Atchafalaya  uj)  the  Courtablcau 
for  a  distance,  j^reattT  or  le.ss,  <rxactly  proportioned  to  the  relativ(^  di8<*har«ife  of  the 
two  streams,  and  a  larj^e  amount  of  sand  wouhl,  as  at  j)resent,  b<'  deposited  in  the 
Courtableau  ;  yet,  aw  so<uj  as  the  height  full  below  the  10  tWt,  the  entire  discharpjo 
•of  the  Courtableau  wotihl  make  a  current  sullicitMit  to  clear  its  own  channel.  It 
would  not  be  <lesirable,  were  it  possible,  to  build  any  such  h-vre  as  would  ma.'^<'rially- 
decreaso  the  dis<'har;;e  of  the  valley  directly  down  its  sloi)e  across  the  (Jourtablcau  in 
floods,  a.s  it  would  but  force  more  water  on  to  the  alread.N  deeply-eover<'d  re«rion  east- 
-ward  of  the  Atchafalaya. 

Before  beginning  any  work  it  would  be  necessary  t«)  make  a  careful  detailed  survey 
of  each  bayou  for  a  mile  below  its  head,  running  level  lines  to  determine  the  h>cation 
of  dams  and  h^vees.  No  b'vels  wen'  taken  on  this  survey,  and  so  short  was  the  time 
at  command  that  no  work  was  done  except  that  absolutely  n«MM'ssary. 

The  blue  clay  foundation  can  be  depended  on  as  it  is,  for  tln*re  is  no  danger  from  its 
"Washing,  but  a  good  brush  or  plank  apron  will  be  necessary  wlu*rever  any  current 
very  nmch  greater  than  that  at  i)resent  f«)un<l  runs  over  the  vvd  soil.  Much  of  this 
red-soil  surface  is  now  well  protee.jed  by  its  growth  of  brush  and  trees. 

Any  improvem*;nt  of  this  stream,  to  be  of  inucli  benetit  to  tbe  people  of  the  valley 
above  Washington,  will  n'quire  locks,  an<l  will  be  a  slackwater  navigation. 

Natural  conditions  could  not  well  Im»  more  fasorable  than  they  are.  The  banks  are 
every wliere  perfect  from  the  point  where  the  lowest  lock  of  tin*  series  must  be  placed 
up  to  the  nu)uth  of  the  T^amourie,  which  is  but  a  few  miles  from  Alexandria.  This 
obannel,  in  the  greatest  thuMls,  is  never  full,  and,  excej)t  the  Lamourie  and  Ilutlpower, 
no  bayous  would  re<iuire  closing.  Had  the  channel  been  <lug  for  a  canal  it  could 
hardly  have  been  more  unitbrm  in  cross-section. 

There  is  sullicient  watitr  for  needs  of  lockage  at  low«;st  stages,  and  if  such  dams  are 
built  and  gates  fur  locks  made  as  can  be  reuiv)ved  when  the  wat^r  risf^s  so  high  as  to 
make  then»  no  longer  useful,  an<l  rej»laced  at  will,  as  the  stream  falls,  the  slight  amount 
of  sediment  <ieposit(;d  at  low-water  wouhl  be  swej)t  out  at  high-water. 

In  great  Hoods  much  of  the  height  above  Washington  is  due  to  backwater.  The 
lower  one  of  this  series  of  lock  will  need  to  be  i)ut  at  a  point  but  few  miles  b(?low 
Barry's  I^anding,  as  far  up  the  bayou  as  there  is  sure  to  be  sullicient  water  for  navi- 
gation when  dep<.'n*ling  entirely  on  backwater  from  the  Atchafalaya  at  the  lowest 
stage  of  that  stream  ;  this  is  found  at  the  first  place  where  the  bank  of  blue  clay  is 
exposed  on  the  seventeenth  mile. 

The  discharg<'  at  the  time  of  the  survt^y  was  probably  as  little  as  it  often  is  at  ex- 
treme low  river^  and  it  was  just  above  Washington  180  feet  per  second;  several  large 
bayous  and  25  miles  of  river,  with  so  large  a  cross-section  that  there  was  about  the 
same  current  in  it  as  would  b<j  the  casein  slack  water  navigation,  intervened  between 
this  point  and  Little  Devil  Har,  which  might  be  considered  a  lock,  and  how  much,  if 
aoV,  water  escaped  at  those  bayous  is  not  known,  no  current  being  perceptible  in 
either  bayon«  or  lower  river,  yet  the  «lis<;harge  over  Little  Devil  Bar  was  60  cubic  feet 
per  second.  There  had  becMi  at  the  time  a  hmg  drought. 
,  The  coiidiitions  are  almost  exactly  the  same  in  the  Courtableau,  B(i3uf,  De  Glaise, 
and  in  the  Te<jhe.  So  little  is  tlio  diflference  that  the  same  plan  of  improvement  will 
answer  for  all  of  them. 

The  cost  of  the  necessary  dams  and  levees  on  the  south  bank  of  the  Courtableau 
fwould  probably  come  within  ^•«iO,000,  and  perhaps  much  within  it,  but  an  exact  esti- 
anate ^cannot  be  ma^le  from  data  procured.  Cost  of  clearing  the  banks  and  removing 
«nag«  above  Waslilugton  will  be  about  $200  per  nule  for  the  90  miles,  and  if  the  looks 
And  slaekwater  improvements  are  constructed  the  banks  could  be  cleared  for  this 
4imount.  The  same  is  necessary  as  well  if  navigation  is  to  be  im])roved  for  th(i  high- 
'water  season  alone.  The  28  miles  below  Washington  can  be  <-.leared  of  snags  and 
overhanging  trees  for  $50  per  mile.  This  will  make  the  total  estimates  for  the  Bmuf 
4ind  Courtableau — 

CJleanng  90  miles  above  Washington,  at  $200 :*18,000 

Clearing  28  miles  below  Washington,  at  $.')0 1, 400 

Dams  on  Courtableau  Bayous 20, 000 

Four  locks  and  needle-dams,  at  $15,000 00, 000 

Add  for  contingencies  10  per  cent 9, 940 

Total 109,340 

This  estimate  is  but  JDi'.Ol  p  »r  mil*»,  and,  considering  the  jirobable  amount  of  com- 
merce per  year,  would  be  but  a  very  low  rate  per  ton.  The  bayou  above  Washington 
runs  through  some  of  the  iiuust  alluvial  land  in  the  State.    There  is  also  a  large  and 
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•uhIiii  ino  roiiiitr.v  to  tho  wcHtward  of  it,  the  products  of  which  wonld  find  their  wmj 
low II  \\\u%\  wdiild',  with  thiH  iiiipmveincnt,  be  practically  a  canal,  penetrating  nearly 

lb  IiiiikIiimI  iiiilrn  in  to  a  rich  country  which  has  heretofore  had  hut  a  very  nncertali» 

uiiil  o\p('nNt\i«  «Mitlrt. 
I  hiixo  iiuihilu  tort  ho  amount  of  commerce  at  present,  but  was  told  that  an  average 

%t\  iktmiii  Ihirr  NlniiiiciN  pcrwri'k  paHHf'd  l>etween  New  Orleans  and  Washington  eaeb 

wuv  ihioiiKli  I  ho  .vnir,  iiiifl  that  wf^re  navigation  uninterrupted  its  amount  would  be 

^liWklU    IIKl'rtlNril, 

OprntuK  tlx'  miviKalion  ahovo  Washington  wouUlbe  in  fact  more  than  doubling  the 
iiini  to  III'  iMMM'Iilrd  by  th«'  ontiro  HyHt<>m  of  iinprovrments. 

A  rhiiil  otlh<'  l»a.v«>u  hiiM  1 ii  inado  on  a  wale  of  5ooit>  giving  topography,  sound- 

iii^M.  iiiitl  ohMliiH'lionN. 

N I  HUH,  ii'M|MTtfnlly, 

H.   C.   COLUNS, 

Assistant  Engineer, 

Mii.l   f.  W.  Ih»wi;i.i.. 

l'itrii.1  nf'  I'MtfiinriH,  I'.  S,  A. 


i:\AMIN AI'ION   OF    HAYor    DK  GLAISE,  LOUISIANA. 

Tnitki)  States  Engineer  Office, 

Netc  Orleans^  February  27,  1880. 

<;i.NF.KAi.:  1  liavo  (lio  honor  to  siibiuit  herewith  report  of  Assistant 
MiijiiiHMT  II.  S.  Doii^hiH,  of  an  examination  of  Bayou  De  Glaise,  Louis- 
hiiiii,  proxithMl  for  in  act  of  Congress  ai)i)rove(l  March  3,  1879. 

TnHin^s  offjiart  drawn  to  a  scale  of  toVo  will  he  forwarded  in  a  sep- 

iinitc  pnckap'. 

ICriMHunHMidalions  of  Mr.  Douglas,  as  to  plan  of  improvement,  are 
^ixfu  in  his  ivport  and  are  concurred  in.  His  estimates  are  also 
jip|»n»\otl,  llu»  ti>tal  amount  of  which,  viz,  $9,540,  o^u  be  expended  to 
jidxantap*  on  the  work  during  the  ensuing  fiscal  year. 

Tho  roninuMH'ial  statistics  furnished  by  Mr.  Douglas  show  the  work  to 
bo  of  vrry  ronsitlerable  importance.  The  work  is  not  susceptible  of  per- 
uuinrnt  roinplotion. 

It  iM  lottitod  til  ihiM'oll(>rtioii  diHtrict  of  New  Orl<>aii8.  The  nearest  light-houae  la  at 
I  III'  riifi.ni«i'  lo  Vfohat'iilii.va  Day. 

\  iMY  ITS  pert  fully,  your  obedient  servant, 

G.  W.  Howell, 
Major  of  Engineers. 
lUig.  Cien.  11.  O.  WuioilT, 

Vh'u'f  of  KngimerSj  U.  S.  A. 


KFPOUT  OF  Mil.    II.    S.    DOUGLAS,  ASSISTANT  EN'GINEKR. 

Nkw  Oklkaxs,  La.,  January  31,  13H0. 

Silt:  III  olMiliiDit'  to  instriirtioiis  received  from  yon,  I  left  New  Orleans  Octoher2K 
1H71K  tor  tlie  ^nirpoHe  of  making  nii  examination  of  Bayon  l)e  Glaiw,  Lonisiana,  ana 
have  the  honf>r  to  Muhniit  the  following  reports  and  aecrompanyin);  chart^i: 

My  iimtrnetions  were  to  rnii  a  tranHJt  and  Htadin  line,  with  Konndings,  on  the  Hayon 
I)e  ('ilaiiM',  eonuneneinf^at  Simmspoii,  where  the  bayon  dohoncheH  intotho  Atchafalayik 
Wiver,  and  teiniinating  at  tlie  town  (»f  Everjn*t*en.  This  hitter  place,  is  not,  however, 
on  De  (ilaiw.  hut  on  tlie  Hayon  Konge,  which  ispractically  a  contiunation  of  De  Olaise. 
Thene  two  haytMiN  an*  forme«l  by  the  watcrH  of  Ked  Kiver,  during  high-water,  flowiD|^ 
down  ihnmgh  HiivonH  Lainonrie,  (?hoctaw,  and  dn  Lac  into  Lake  Pearl,  and  from 
thcnc(>  into  llnyoit  De  (tlaise,  one,  if  not  the  only  one,  of  its  outlets.  After  flowing 
down  De  (flnise  *J^  miles,  the  water  arrives  at  what  is  known  as  the  "Junction,^  or 
the  point  ^\lle^«»  Hayou  Rong<>  leav<'S  De  Glaise — the  water  flowing  either  way  from 
this  jHtint,  onn  port  ion  finding  its  way  into  the  Atchafalaya  by  Bayou  De  Glaise,  tiie- 
o?her  by  BrtviMi  Kisnge. 
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The  distance  by  both  bayous  from  Siiumsport  to  Evergreen  is  6;^ J  •uiiles,  Bayou  D© 
Glaise  4b  niilea,  and  Bayou  Rouge  15f  miles.  The  average  width  of  the  fonner  is  250 
feet,  that  of  the  latter  175  feet.  The  general  eross-section  is  like  that  of  an  artilicial 
cut  or  canal.  At  the  time  of  making  the  survey  there  had  been  a  prolonged  drought 
in  the  immediate  country,  and  also  very  low-water  in  the  Mississippi  and  Rod  rivers,. 
in  consequence  of  which  the  bayou  was  almost  dry,  the  only  water  being  a  narrow 
stream  or  pool  in  the  center,  sui)plied  from  springs.  This  condition  of  affairs  wa» 
highly  favorable  for  the  exaniinatiou,  as  it  enablcul  obstructions  to  be  seen  and  noted 
that  otherwise  mi^ht  have  escaped  obst-rvation.  In  lieu  of  soundings,  which  were  un- 
necessary, the  pools  pres<*rving  an  even  dtipth,  of  1  foot,  cross-sections  were  made  at 
intervals.  These  latter  on  the  Bayou  l)e  Glaise  show  approximately  the  slope  of  the 
bed  of  the  stream,  as  the  general  country,  as  well  as  the  banks  of  the  bayou,  being 
all  of  alluvial  fonnation,  is  nearly  on  a  dead  level.  As  is  the  case  on  all  Louisiana 
bayous,  the  immediate  banks  are  the  highest  land,  the  slo]»e  being  from  them  toward 
the  cypress  swamps.  The  width  of  th<'  (cultivated  land — that  is,  the  distance  between 
the  bayou  and  the  swamp — averages  about  one-half  mile  on  the  north  bank  and  1  mile 
on  the  south.  It  is  a  noticeable  peculiarity  that  the  south  bank  of  all  bayous  has  the 
widest  strip  of  land  to  be  cultivated,  providing  that  the  largest  part  of  material  during 
hi^h-water  is  deposited  on  the  south  bank.  The  country  bordering  both  bayous  is 
thickly  settled  and  all  under  cultivation,  the  principal  crops  rai8<;d  being  sugar,  cotton, 
and  corn. 

The  town  of  Evergreen  is  situated  at  the  junction  of  I^ayous Rouge  andHuftpower. 
This  latter  connects  the  Bicuf  and  Rouge  at  high-water.  Bayou  Rouge  continues  on 
past  Evergreen  to  the  south,  and  finally  meets  the  Atchafalaya  at  Church ville,  where 
it  has  been  closed  by  a  dam,  so  as  to  obtain  slackwater  navigtition  in  the  lower  bayou. 

The  obstructions  noted  on  the  chart  in  the  first  and  secon<l  miles  of  Bayou  Rouge 
consist  of  29  standing  trees,  1  fallen  tree,  and  19  logs. 

From  the  third  to  the  sixth  mile  the  bayou  makes  a  long  bend,  the  distance  acrosa 
the  point  being  about  1,800  feet.  This  bend  is  very  badly  obstructed  by  willows  and 
other  trees,  which  have  grown  up  in  the  bed  of  the  stream.  At  some  past  date  this 
bond  must  have  been  cleaned  out,  as  for  a  distance  of  4,000  feet  the  fifth  mile  is  filled 
with  old  stumjis  cut  off  to  an  even  height  of  2  feet  above  the  bottom  of  the  bayou.  In 
this  bend  there  are  also  numerous  logs  or  fallen  trees,  besides  two  shoals  or  bars  on  the 
sixth  mile;  one  l,:JO0  and  the  other  'J, 000  feet  in  length,  and  both  from  1  to  2 feet  above 
the  general  level  of  the  bottom. 

On  the  seventh,  eighth,  and  ninth  miles,  the  obstructions  are  11  standing  trees,  16 
logs,  1  fallen  tree,  and  thrt-e  bars,  one  on  each  mile,  respectively  .^00,  1,400,  and  20O 
feet  in  length,  and  from  1  to  2  l«'et  above  the  general  level  of  the  bottom  of  the  bayou. 

The  tenth,  elevtiuth,  and  twelfth  miles  are  around  Coco's  Bend.  For  8,:i0()  feet  the 
bayou  is  tilled  with  standing  trees,  priuci])ally  willows.  Two  fallen  trees  and  about 
20  logs  would  have  to  be  removed.  On  the  thirtee.jith  and  fourteenth  miles,  a  shoal 
2,500  feet  lon«5  and  from  I  to  '^  feet  above  the  general  level  of  the  bottom  is  to  be 
found;  also  oTogs  and  15 standing  trees. 

In  the  liftcentji  mile  is  the  town  of  Cottonjwrt.  The  bed  of  the  bayou  was  perfectly 
dry  from  here  to  what  is  known  as  the  "Junction''  at  the  time  of  the  survey.  On  the 
sixteenth  mile  then;  are  six  standing  trees,  and  the  last  1,000  feet  is  tilled  with  the  same.. 
This  also  brings  us  to  the  "Junction"  of  Bayous  Rouge  and  Do  Glaise.  The  bed  of  the 
Rouge  at  the  "junction"  is  from  4  to  (5  feet  above  that  of  De  Glaise.  From  the  seven- 
teenth to  the  fiftieth  mile  Bayou  Do  Glaibe  is  almost  clear.  The  obstructions  to  be 
found  are  all  located  on  the  chart,  and  consist  of  12  fallen  trees  and  171  logs  lying  on 
the  bottom. 

On  the  twenty-fifth  mile  is  the  town  of  Moreauville,  situated  at  the  upper  end  of  the 
cat-ofF  road  across  the  big  bend;  the  town  at  the  lower  end  is  known  as  Hamburg. 
The  distance  bv  the  bayou  between  the  two  towns  is  30  miles,  and  by  the  cut-oft' road 
but  3i. 

On  the  fifty-first  mile  will  be  found  one  of  the  three  bad  obstructions  which  exist  on 
the  bayon.  It  is  a  collection  of  logs  on  the  bottom  in  the  shape  of  a  sunken  raft.  This 
seriously  obstructs  navigation,  as  it  recjuires  2  feet  more  wat^T  to  carry  a  boat  over 
this  raft  than  would  ordinaiily  be  required  for  the  navigation  of  the  bayou  in  that 
vicinity.     One  fallen  tree  would  have  to  be  removed. 

Two  fallen  tre<»s  and  one  log  are  all  the  obstructions  on  the  fifty-second  and  fifty- 
thinl  miles.  In  the  fifty-foui*th  mile  is  Mill  Bayou,  the  mouth  of  which  has  been  closed 
by  an  automatic  gate,  which  only  alhiws  the  water  to  flow  into  and  not  out  from  De 
Glaise.  The  obstnictionsarc  a  sunken  llat-boat  and  1,2(M)  running  feet  to  be  cleared  of 
brush  and  standing  trees. 

The  fifty-fifth  mue  is  clear.  The  town  of  Hamburg  is  situated  about  the  middle  of 
tbis  mile.  The  fifty-sixth  mile  has  the  north  bank  lined  with  brush  and  standing  trees. 
On  the  fifth-sixth  mile  is  the  wreck  of  a  sunken  boat,  which,  however,  is  not  bad,  a» 
it  is  partially  broken  up  ;  also  brush  on  both  banks  and  oue  fallen  tree.  Fifty -seventh 
mile  nas  brush  on  both  banks  to  clear  oft*.     Fifty-eighth  mile  has  2,500  feet  lined  with 
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bmsb,  oue  falleu  tree,  and  two  logs.  On  tlio  sixtieth  inilo  thero  ia  aiiotht$r  raft,  simi- 
lar to  that  on  the  lifty-lirst  mile,  and  to  which  the  same  n^marks  will  apply,  except  as 
to  length,  this  one  being  500  feet  in  length  ;  also^  3,!200  tect  to  clear  of  urusn.  On  the 
sixty-fii-st  mile  is  the  Inst  of  the  sunken  rafts,  this  one  being  100  feet  long  and  similar 
to  the  others.  Oue  fallen  tree  and  two  logs  to  be  ivmoved;  trees  and  bi'utdi  lo  clear 
off. 

Tlie  sixty-seeond,  sixty-third,  and  sixty-fourlli  niiU^sof  the  bayou  are  obstructed  by 
brush  and  trees,  growing  into  the  channel ;  there  being  one  particularly  bad  place  at 
the  beginning  of  the  sixty-second  mile,  just  beh)w  YeUow  Hayou,  where  there  is  au 
island.  Steamboat-men  complain  of  this  place  as  being  hard  to  pass  on  account  of 
projecting  trees.  Seven  logs  aiul  one  fallen  tree  have  t*)  i>e  reuioveil  in  this  distance. 
fr»ixty-thn»e  miles  and  ■l,r>(K)  feet  bring  us  to  the  mouth  of  IJayou  De  Olaise,  at  the 
Atchafalaya  River. 

The  rafts  on  the  fifty-lirst,  sixtieth,  and  sixty-fii*st  miles  weni  place<l  there  during 
the  war  to  pivvent  gun-boats  going  up  the  bayou.  It  will  not  be  ueces:^ry  to  clear 
the  entire  bed  of  the  stream  from  brush,  but  only  where  it  encroaches  upon  the  chan- 
nel. The  best  time  to  remove  the  «>bstructions  would  be  between  the  mouths  «)f  July 
and  Februarv  at  low-water. 

estimate  for  impik^vixg  bayof  uou(je  fuom  evkrohkkx  to  the  junction,  15f 

mim:s. 

CMeariug  channel  from  stauiling  trees,  stumps,  logs,  and  fallen  trees,  ir>f 

miles,  at  .fivtH)  per  mile $3,  IfiO  00 

Add  *20  iH»r  cent,  for  contingencies G30  00 

Total 3.7!»00 

Nt)  estinuite  is  ma<le  for  reuu)viug  the  bars  in  Iiayou  Rouge,  as  the  benefit  obtained 
would  scarcely  Justify  the  expeus**.  They  are  only  «)bstructions  *>n  the  first  stoge  of  a 
rising  or  the  last  of  a  falling  bayou.  No  boat  has  been  in  the  Bayou  Rou^e  since  VffA, 
and  in  that  year  cuily  a  little  iM'y*»nd  Cottouport.  None  ha^v  ever,  so  tar  as  I  conld 
learn,  gone  to  Evergreen. 

ESTIMATE  FOK  IMPIJOVINCi    MA  YOU   DK  GLAISK    FROM   THE  jrNCTION'    TO  THE  ATCIIA- 

FALAYA   RIVER.  4H  MILES. 

■Clearing  brush  otf  banks  where  it  encroaches  (mi  channel,  removing  sunken 

logs  and  fallen  trees,  48  miles,  at  $100  per  mile 94,800  00 

Add  *iO  per  cent,  for  cont  ingenc^ies 9(S0  00 

Total 5,700  00 

Theni  is  a  very  valuable  commerce  to  be  benefited,  as  the  bayou  traverses  a  thickly- 
settled  and  productive  country.  All  tlie  laud  on  both  banks  is  under  cultivation,  the 
average  crop  bring : 

20,000  bales  cotton,  valued  at 1750,000  00 

1,65:)  hogsheads  sugar,  valued  at 140,000  00 

2,5;W  barrels  molasses,  valued  at 30,000  00 

930,000  00 

The  miscellaneous  country  produce,  in  the  way  of  com,  rice,  stock,  iwultry,  egan, 
'together  with  a  considerable  (juantity  of  cypress  lumber,  will  raisin  the  value  of  UA 
annual  products  to  over  Sl|tHX),(HK).  The  value  *)f  return  freights  will  also  be  conaid- 
•erable,  as  very  nearly  all  sujiidies  are  bn>ught  fnun  New  Orleans.  During  low- water 
in  the  bayou  all  this  business  has  been  transacted  by  wagons,  the  charges  for  hauling 
■cotton  to  Simms]>ort,  the  only  shipping  point,  averaging  $1  per  bale,  and  is  propor- 
tionate upon  other  articles.  This  tax  is  entirelv  av«uded  when  boats  come  iuto  the 
-bayou,  as  they  carry  i*reight  from  the  planter's  landing  to  New  Orleans  for  the  aame 
rate  that  it  is  carried  from  Simms]>ort.  The  removal  of  the  obstructions  mentioned  it 
mot,  however,  the  improvement  which  the  inhabitants  most  desire,  for  their  remoTal 
will  only  impnive  the  navigation  for  three  or  four  months  in  the  year — the  months  of 
March,  April,  May,  and  June — or  during  high-water  in  the  Mississippi  and  Red  riven. 
AVhat  is  most  desirable  is  some  im]>rovement  that  will  give  tbem  constant  navigatioi\« 
This  can  only  be  accomplishe<l  by  means  of  slackwatcr,  aiul  Bayou  De  Glaise  is  singu- 
larly favoretl  in  it«  ]>osition  in  reganl  to  such  an  impn>vement.  Lake  Pearl,  its  Boaroe, 
is  3f  miles  long  by  U\  miles  wide,  and  fnun  4  to  6  feet  deep,  surrounded  by  a  cypiesi 
swamp,  by  the  overllow  of  which  its  reservoir  capacity  could  be  greatly  increased 
without  injury  to  the  neighboring  country,    The  fall  from  the  JunctioDy  the  highesfe 
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point  to  which  it  would  bo  clesirablo  to  improve  tho  bayou,  to  the.Atchafalaya  is, 
approximately,  32  ft^et,  and  the  natural  croHs- section  is  the  one  that  ^iven  the  niinimnm 
or  evaporative  surface,  so  that  there  would  be  but  little  loss  from  this  cause.  The 
data  obtained  from  a  mere  examination  is  not,  however,  sufficient  to  jtredicato  an 
improvement  of  this  nature  upon,  thou^li  the  country  and  connncrco  to  he  l)CUofitcd 
would  justify  such  a  work.  Th(^  inhabitants  were  particularly  hosjiitiible,  and  every 
kindness  and  att^Mition  was  shown  your  assistant  and  his  party  during  the  examina- 
tion. 

Very  n^speclfiilly, 
.  *  II.  S.  DorciLAS, 

Asxintant  Engineer. 
Maj.  C.  W.  IIowKLL, 

Corps  of  Etifjinvn'ti,  U.  S.  A. 


examination  of  bayou  terrebonne,  louisiana. 

United  States  Engineer  Office, 

N'eic  Orleans,  Febniary  27,  1880. 

General  :  I  have  the  houor  to  submit  herewith  report  of  Assistant 
Engineer  W.  II.  Ilotrinau  of  an  examination  of  Bayou  Terrebonne, 
Louisiana,  provided  for  in  act  of  Con^^ress  approved  March  3,  1879. 

Tracings  of  chart,  drawn  to  a  scale  of  >  oVo?  will  be  forwarded  in  a 
separate  package. 

Kecommendations  of  Mr.  Hoffman  as  to  plan  of  improvement  are 
given  in  bis  report  and  are  concurred  in.  Uis  estimates  are  also  ap- 
proved, and  can  be  expended  to  advantage  on  the  work  during  the  en- 
suing fiscal  year,  viz,  $IS,SOO.  I  am  unable  to  furnish  any  commercial 
statistics  other  than  those  given  by  Mr.  Hoffman  in  his  report.  The 
work  is  not  8uscei)tible  of  permanent  comj)letion. 

It  is  locutod  in  the  (•(lUeotioii  district  of  New  Orleans.     Tho  nearest  liglit-honsc  is 
noar  east  end  of  Timhulier  Island,  Lonisiana. 

Very  respe(,*tfully,  your  obedient  servant, 

C.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  S.  A. 


report  of  w.  h.  hoffman,  assistant  knoinker. 

United  Statks  Enoinekr's  Office, 

Xew  Orleans^  Jai.,  January  31,  1880. 

Major:  I  have  the  honor  to  submit  the  followhig  report  on  an  examination  of 
Bayon  Terrebonne,  Louisiana : 
.  Field  work  wiis  coinnienctMl  on  tho  19th  of  August  and  completed  the  same  month. 

A  transit  line  was  carried  down  the  Bayou  from  llouma,  nsing  needle  for  bearing 
and  Btadia-rod  for  distanccH ;  soundings  and  topography  were  taken,  and  all  informa- 
tion pOBBihle  had  from  the  inhabitants,  who  did  all  in  th(Mr  power  to  assist  in  further- 
Alice  of  the  work. 

Bayou  Terrebonne  was  onco  an  outlet  bayou  of  the  Mississippi,  receiving  its  sup- 
ply from  Bayou  Lafourche  at  Thibodeauxvillc,  but  the  connection  with  Lafourche  was 
umg  ago  closed,  and  above  llouma  it  is  but  a  very  small  drainage  bayou,  useless  for 
any  purpose  of  navigation.  Below  llouma  it  is  a  tidal  bayou,  and  serves  the  purpose 
«f  a  uignwayi  for  which  reas()n  it  is  of  great  importance.  For  20  miles  it  is  bordered 
irith  large  sugar  plantations,  and  6  miles  farther  by  small  farms.  There  are  connected 
with  Bayou  Terrebonne  many  other  bayous  which  de}>end  on  the  navigation  of  the 
Terrebonne  for  their  coniniun  catio!i  with  a  market.  Ruads  on  the  bayou  banks  are 
«ntire1y  useless  for  moving  freight. 

There  is  now  a  railroad  connection  from  Houma  with  ^lorgan's  Louisiana  and  Texas 
Railroad ;  most  freight  ||oes  that  way.    There  ar^  t\^'o  steamers  used  for  bringing 
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ftxM^hts  fmiii  plantations  on  Terrebonne  and  other  connecting  bayons  to  Honma  for 
shipni«'nt  by  rail,  but  there  is  a  canal  in  progress  which,  when  completed,  will  eon- 
luvt  tbo  Ti*rrelK>nne  with  Lafourche. 

At  llminia  the  width  of  the  bayou  is  40  foot  and  its  depth  at  low- tide  is  4  feet,  but 
at  intervals  for  the  first  5  miles  are  shoals  whtTe  but  2  feet  can  be  carried  over  at  low 
tido.  All  navigation  at  the*  upi)er  end  of  the  bayou  near  Ilouma  is  done  at  high  tide^ 
whioh  j^ivi's  from  1  to  2  feet  more  water,  depending  on  the  wind  in  the  bays  below. 
Muoh  of  the  fri'ight  is  carrird  by  schooners  whiifh  run  to  New  Orleans  through  the 
lower  bays  and  other  coiniecting  bayous,  and  by  iiat-boats  which  arc  cordelled  and 
polod  from  plantations  up  to  Ilouma. 

With  the  6  mib's  from  Houma  the  water  deepens  to  4  feet  at  low  tide,  gradually 
deepening  to  6  feet  at  the  tenih  mile,  and  vaiying  from  6  to  8  feet  to  the  midaleof  the 
twenty-third  mile,  but  the  width  increases  very  rapidly  after  the  twenty-first  mile 
to  2lH>  feet  or  more. 

The  right  bank  for  the  first  20  miles  haw  a  belt  50  feet  wide  of  willows  growing  from 
the  water's  edge  to  the  high  land,  while  the-  opposite  left  bank  has  no  willows,  but 
has  a  belt  of  sea  marsh  grass  to  alK)ut  the  same  width  between  the  channel  and  the 
road  which  runs  on  the  edge  of  the  high  land. 

On  the  twenty-sec(»nd  mile  is  a  canal,  Madison  Bellanger,  and  entered  from  the  east, 
but  it  has  been  closed,  and  water  stands  on  the  back  side  of  the  levee  2  feet  above 
water  in  the  Terrebonne. 

At  the  beginning  of  the  tw(?nty-fifth  mile  Bayou  Lacache  enters  from  the  west;  it 
fonuM  the  connection  with  Little  Caillou  Baycm,  and  all  ^he  commerce  of  that  bayoa, 
which  is  etpial  to  that  of  the  Terrebonne,  comes  through  it  and  goes  to  Houma.  It  is 
timben'd  on  both  sides,  and  its  depth  is  5  feet  or  more. 

For  nearly  a  mile  below  Bayou  Lacache  the  banks  of  the  Terrebonne  are  above 
overliow,  and  are  very  thiekly  vsettled;  but,  from  here  to  the  middle  of  the  thirty- 
thinl  mile,  where  Bayou  Lagraise  enters  from  the  west  and  connects  with  Terrebonne 
Bay,  both  banks  are  overflowed  at  high  tide  and  not  cultivated. 

6pposite  the  mouth  of  Bayou  Lagraise  a  canal  has  been  dug  through  the  bank  to 
Lake  Barr<5.  It  is  50  feet  wide,  4  feet  dee]),  and  300  feet  long;  it  is  expected  that  it 
will  be  linished  through  to  Lafourche  within  a  year. 

The  survey  was  continued  down  5  mihjs  farther,  but  for  Ji  mile  l>elow  Bayon 
Lagraise  there  is  a  bar  with  but  2  fv:ei  depth,  :nid  no  commerce  i)asses  down  the  old 
bayou. 

No  line  was  run  below  the  twenty-seventh  mile,  as  the  bayou  banks  which  were 
but  very  narrow  strips  of  sea  marsh  between  'I  imbalier  and  Terrebonne  Bays,  between 
which  Terrebonne  Bayou  ran  in  lcjr)0,  and  which  is  said  to  have  had  a  greater  depth  than 
that  found  above  at  that  time,  are  now  broken  up  by  the  sea,  frt>m  both  bays,  into 
little  isolated  grass  islands,  which  are  rai)idly  disappearing  by  action  of  the  waves, 
and  are  now  found  at  intervals  of  two  or  three  miles  down  to  Caillou  Island,  where 
was  formerly  the  mouth  of  Bayou  TeiTebonne. 

The  old  channel  is  tilled  so  as  to  be,  like  the  bays  on  ea<-h  side,  but  a  sand  or  mud 
fiat  with  no  appearance  of  there  ever  having  been  a  V>ayou  there.  Cutting  oft*  the  sup- 
ply of  watA»T  from  the  Mississippi  stopped  also  the  supi)ly  of  mud  by  which  the  banks- 
were  built  uj).  The  im]irovements  needed  on  this  bayou  consist  of  cutting  overhang- 
ing trees  on  the  right  bank  for  20  miles  below  Houma,  and  of  dredging  the  first  5milee- 
so  as  to  give  as  much  water  as  there  is  below,  or  at  least  to  give  enouurh  for  the  pas- 
sage of  boats.  Dredging  to  a  deptli  of  4  feet  at  least,  at  low  tide,  will  give  a  high- 
water  channel  sutticieut  for  all  jmrj^ses  at  present.  This  would  make  an  estimated 
cost  for  the  improvement  as  follows: 

58,666  cubic  yards  dredging,  at  25  cents $14, 666  67 

20  miles  clearing,  at  §50  per  mile 1, 000  00 

15,666  67 
Add  for  contingencies,  20  per  cent 3, 134  33 

Total 18,800  Oa 

The  commerce  to  be  benetited  inehules  the  whole  amount  coming  to  the  town  of 
Houma  by  Avater,  up  the  baytiu,  which  was  in  l':*78-'79,  14,175  hogsheads  sngar;  20,840 
barrels  niolass(*s;  there  was  also  mucli  rice  and  other  produce,  but  sugar  plantatioiui 
furnish  a  greater  part  of  the  fn-ight. 

Very  respectfully,  your  obedient  servant, 

W.  H.  Hoffman, 

AnshUiitt  Engineer^ 

MaJ.  V.  W.  Howell, 

C H'DH  of  Engineers f  V.  S.  A. 
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examination  of  tchefunctb  biyeb,  loxhsiana. 

United  States  Engineer  Office, 

N'ew  Orleans,  February  27,  1880. 

General  :  I  have  the  honor  to  submit  herewith  rex)ort  of  Assistant 
Engineer  W.  H.  Hoffman  of  an  examination  of  Tehefunete  River,  Lou- 
isiana, provided  for  in  act  of  Congress  approved  March  3,  1879. 

Tracing  of  chart,  drawn  to  a  scale  of  t^j  ^^il^  ^^  forwarded  in  a  sepa- 
late  package. 

Becommendations  of  Mr.  Hoffman  as  to  plan  of  improvement  are 
«et  forth  inhis.repoil:  and  are  concurred  iu.  His  estimates  are  also 
approved  and  can  be  expended  to  advantage  on  the  work  during  the 
ensuing  fiscal  year,  viz,  $5,460. 

I  am  unable  to  furnish  valuable  information  concerning  the  commer- 
<aal  importance  of  the  work.  It  is  not  susceptible  of  permaneut  com- 
pletion. 

The  nearest  light-house  is  on  the  Tehefunete  River,  near  Madisonville,  La. 

Mr.  Hoffman  was  also  directed  to  make  an  examination  of  Bayou 
Castain,  which  the  citizens  of  Mandeville,  La.,  solicited  me  to  have  made 
witih  a  view  to  its  improvement  by  the  general  government,  that  it 
might  serve  as  a  harbor  of  refuge  for  vessels  plying  on  Lake  Pontchar- 
train.  The  result  of  the  examination  is  appended  to  Mr.  Hoffman's  re- 
poit  on  the  Tehefunete,  and  his  recommendations  as  to  plan  of  improve- 
ment of  Bayou  Castain  and  estimates  are  approved. 

The  amount,  $3,410,  can  be  expended  to  advantage  on  the  work  during 
the  ensuing  fiscal  year. 

The  conectiou  district  and  nearest  light-house  are  the  same  as  for  the  Tehefunete 
BlTcr. 

Very  respectfully,  your  obedient  servant, 

0.  W.  Howell, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


REPORT  OF  MR.  W.   11.    HOFFMAN,  ASSISTANT  ENGINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major  :  I  have  the  honor  of  submitting  to  you  the  foUowiug  report  on  the  examina- 
tloii  of  the  Tehefunete  River,  Louisiana. 

A  survey  of  this  river  was  made  in  1871,  by  the  late  Lieut.  E.  A.  Woodruff,  United 
Cttfttes  Engineers,  and  a  tracing  of  the  chart  made  by  liim  was  used  on  which  to  note 
all  changes  which  have  taken  i)]ace  since  that  time.  Cross-sections  were  taken  at 
iStMb  most  important  points,  following  lines  of  soundings  made  by  Lieutenant  Wood- 
niff  nearly  as  possible.  Covington  is  at  the  head  of  navigation  on  the  Hogue  Falaya, 
iHiioh  is  only  navigable  for  small  schooners  to  this  point,  steamers  stopping  at  Cov- 
iaigton  Landing,  2  miles  below.  There  are  many  snags  and  overhanging  trees  on  the 
portion  of  river  between  the  steamboat  landing  and  Covington,  and  the  channel  is 
Twy  crooked :  bends  are  very  sharp ;  banks  are  of  sharp  sand  and  almost  constantly 
^iumging  in  freshets.  Many  bars  are  found  with  too  little  water  to  allow  larger  ves- 
mUi  to  pass  than  the  small  schooners  at  present  found.  No  other  improvement  than 
mnoral  of  snags  and  overhanging  trees  is  advisable,  as  cut-offs,  which  captains  of 
Mhooners  so  much  wish,  would  only  result  in  increasing  the  caving  of  the  bank  and 
mold  probably  ii\jure  the  river  below,  where  it  is  now  good.  Below  the  mouth  of 
ibe  Abita,  the  bank  has  a  gentle  slope  towards  the  river,  and  is  nowhere  caving ; 
lilwre  18  a  wide,  deep  channel,  fully  sufficient  for  any  possible  want  of  navigation. 
Tlie  lumks  on  the  lower  part  of  the  river  are  sea  marsh,  covered  at  high  tide.  The 
«atrance  of  the  riyer  into  Lake  Pont<}hartrain  has  a  bar  on  which  is  found  but  5^  feet 
mt  n  common  low  tide.    During  northers  there  is  fully  1  foot  less,  and  at  snch  timea 
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the  harbor  is  most  needed  as  a  harbor  of  nsfnge  for  vessels  fh>m  aU  coast  ports  as  fiur 
east  as  Ponsacola,  coining  into  Lake  Poutchartrain  dnring  a  norther. 

The  entrance  to  New  Orleans  basin  canals,  on  the  lake,  is  a  very  dif&calt  one,  and 
very  dangerous  iudee<l  with  a  norther  blowing.  The  chief  business  of  the  steamens 
running  in  this  trade  is  carrying  passengers  to  and  from  the  sea-side  watering-places, 
and  for  them  some  safe  harbor  on  the  north  side  of  the  lake  is  very  important.  Th& 
harbor  to  which  imx)rovement  of  this  bar  wouhl  give  these  access  is  one  of  the  best 
possible  for  such  purposes.  The  river  is  several  hundred  feet  wide  and  20  to  30  feet- 
deep,  for  2  miles,  up  to  Madisonville,  where  steamers  can  tie  up  at  the  bank  at  any 
time.  The  bar  is  ina<le  of  Hand  and  shell  washed  from  the  lake  and  not  from  material 
carried  out  by  the  river,  which  is  a  clear-water  stream.  Tlie  constant  progjress  of  the- 
point  and  the  bar  to  the  southwest,  and  the  washing  away  of  the  west  side  by  the 
current,  shows  that  the  bar  is  the  effect  of  the  washing  of  the  sand  of  the  lake  beach 
to  westward  along  the  coast.  The  winds  ati'ucting  this  shore  blow  from  southeast,, 
and  a  jetty  to  protect  the  (entrance  from  this  wash  of  sand  from  eastward  may  be- 
found  necessary  to  retain  the  channel,  even  if  one  should  be  dredged  out,  as  can  be 
easily  done. 

Estimate  for  the  improvements  is  as  follows  : 

• 

Removal  of  all  snags  to  Covington $900 

Removal  of  all  overhanging  trees 500 

Dredging  on  bar  15,000  cubic  yards,  at  25  cent^ 3, 750 

Add  for  engineering  and  contingencies,  20  per  cent 910 

Total 5,460 

At  the  urgent  solicitation  of  the  citizens  of  Mandeville,  an  examination  was  made 
of  Bayou  Castain,  the  mouth  of  which  was  formerly  their  harbor,  on  Lake  PontchaF- 
train,  but  itsentrance  from  the  lake  is  now  so  tilled  as  to  houseless.  The  bayon  drains 
about  10,000  acres  of  timbered  land,  and  during  rains  there  is  sufficient  current  to  wash 
ont  the  sand  from  the  entrance  an(l  give  a  channel  across  the  bar  at  times  as  deep  M> 
4  feet,  but  unfortunately,  with  the  first  blow  from  the  southeast  it  is  filled  with  suid;. 
seldom  nju^vlningopen  for  a  week,  and  filling  so  as  to  leave  but  ^  a  foot  of  water  over 
the  sand.  This  washing-out  process  gave  the  idea  of  making  a  permanent  entrance, 
and  a  chnrtcr  was  s(!tcur(Hl  from  the  State ;  cribs  were  ma<le  and  slightly  ballasted  witik 
bricl\,  iilui-ed  on  each  side  of  the  entrance.  A  few  of  these  cribs  remain,  and  as  &r 
otif  MM  iliev  go  the  channel  remains,  but  most  of  the  cribs  washed  ashore,  and  the 
work  was  abandoned  from  want  of  money  for  continuing  it.  The  success  of  this  oril^ 
work,  so  far  as  it  went,  shows  that  a  jetty  proi)erly  buut  would  keep  the  sand  fronk 
filling  the  channel,  the  filling  all  being  made  by  sand  washed  along  shore  to  westward. 
There  is  a  depth  of  G  to  7  feet  in  the  bayou,  and  were  the  entrance  so  improved  ast» 
give  a  depth  of  5  or  6  feet  on  the  bar,  the  commerce  of  the  town  would  be  greatly 
benefited,  and  the  harbor  thus  made  would  be  available  as  a  harbor  of  refuge  on  this- 
(north)  shore  during  the  gales  of  the  fall  and  winter  months. 

Mandeville  is  one  of  the  coiist  wat4Ting-x)laces  and  during  the  summer  and  taXL  ttom 
one  to  three  steamers  stop  there  every  day,  and  one  daily  during  the  remainder  of  the 
year.    There  are  also  many  schooners. 

The  estimated  cost  for  the  improvement  to  bo  made  is  as  follows: 

12,400  cubic  yanls  dre<lging,  at  25  centD |3,100- 

Add  10  i)or  cent,  for  contingencies SIO- 

Total 3,4ia 

Yours,  respectfully, 

W.  H.  Hoffman, 
Maj.  C.  W.  HowKLL,  Asnatant  Engineer. 

Corps  of  Engineers f  U.  S.  A. 


examination  of  tickfaw  river,  louisiana. 

United  States  Engineer  Offiob, 

New  OrkanSy  February  27, 1880. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  IT.  G.  Gollin.s  of  an  examination  of  Tickfaw  River,  LoaisiaiUK 
made  by  Givil  Assistant  H.  S.  Douglas,  as  provided  for  m  act  of  Con- 
gress approved  March  3, 1879. 

'I^aeings  of  chart,  drawn  to  a  scale  of  ^(To,  will  be  forwarded  in  a 
separate  package. 


APPENDIX   M.  1183' 

Becommendations  of  Mr.  Collins  as  to  plan  of  improvement  are  set 
forth  in  his  report  and  are  concurred  in.  His  estimates  are  also  ap- 
proved ;  the  total  amount  of  which  can  be  expended  to  ailvantage  on< 
the  work  during  the  ensuing  fiscal  year,  viz,  $10,230. 

The  commercial  importance  of  the  work  is  given  in  the  report  of  Mr. 
Collins. 

The  work  is  not  susceptible  of  permanent  comj)letion. 

It  18  located  in  the  collection  district  of  Now  Orleans.     The  nearest  light-house  is- 
at  the  month  of  Pass  Manchac,  Lake  Pontchartrain. 

Very  respectfully,  your  obedient  servant, 

C.   W.   IIOWELL, 

Major  of  Engineers. 
Brig.  Gen.  H,  G.  Wright, 

Chief  of  Engineers^  V.  8.  A, 


KKPORT  OF  MR.    II.    C.    COLLINS,   ASSISTANT  EN'CJINEER. 

New  Orleans,  La.,  January  31,  1880. 

Major:  I  have  the  honor  to  snhmit  the  following  rei)ort  of  the  examination  of 
Tickfaw  River  and  its  navigable  branches.  The  TicKfaw  River  risers  in  the  State  of 
Mississippi  and  empties  into  Lake  Manrepas.  North  of  the  beginning  of  this  snrvey 
the  river  is  at  low-water  bnt  a  successicm  of  pools,  connected  by  ripj)li^s,  over  whicli 
in  long  dronghts  bnt  little  water  flows,  and  its  banks  are  high  rolling  i)ine  woods 
land,  or  a  bottom  once  washed  ont  by  the  stream  and  heavily  timbered,  covered  in 
freshets  by  the  river. 

The  snrvey  was  made  by  H.  S.  Donglas,  assistant  engineer.  He  began  at  the  cross- 
ing of  the  Baton  Rouge  and  Ponchatonia  road,  where  the  stream  is  CO  to  80  feet  wide 
and  5  to  10  feet  deep  at  low-water;  bnt  there  are  bars  where  but  3  feet  is  found.  The 
first  6  miles,  above  Mr.  Chapman's  place,  is  so  choked  by  old  logs,  snags,  and  trees* 
blown  in  by  the  gale  of  September  last,  as  to  be  almost  impassable  oven  for  a  skiff, 
and  there  is  an  almost  continuous  line  of  overhanging  trees  on  one  side  or  the  other.. 
On  the  fourth  mile  from  the  beginning  is  Whetmoro  Island,  where  the  river  divides; 
one  part  passing  to  the  west  of  the  island,  having  at  its  head  much  the  largest  cross- 
section,  is  entirely  blocked  by  raft  of  snags,  trees,  and  drift,  and  the  other  nart,  pass- 
ing to  eastward  of  the  island  for  nearly  a  mile,  is  bnt  2  feet  deep  and  less  than  30  feet 
wide  in  places,  and  much  obstnicted  by  timber  standing  and  fallen.  This  island  and 
ito  two  obstructed  channels  are  ]>robably  the  dam  which  makes  the  4-mile  pool  above, 
and  at  low-water  any  improvement  of  these  channels  will  probably  draw  off  the 
water  above ;  but  btdow  the  island  the  character  of  the  river  changes  to  a  tidal 
Btream,  with  a  current  dei)ending  entirely  on  the  tide,  except  at  freshets. 

From  Chapman's  place  to  Mr.  Settoon's  place  is  4  miles,  and,  though  the  depth  is 
nowhere  less  than  4  feet  and  the  width  great  enough,  so  that  schooners  or  steamers 
eonld  easily  navigate  it,  they  are  entirely  prevented  by  the  great  number  of  logs  and 
the  overhanging  trees.  Mr.  Chai)man  made  one  cut-off  many  years  ago,  and  attemx)ted 
to  make- another  one,  but  failed  to  turn  the  river  through  the  second,  and  it  can  yet 
be  easily  closetl  and  saves  half  a  mile  of  river  and  4  bends  of  240-^  ormore  each,  wliile 
his  cut  would  give  a  long,  straight  reach.  The  first  cut-off  which  ho  succeeded  in 
making  was  an  unimportant  one,  shortening  the  river  so  little  as  not  to  api>reciably 
change  the  slope,  and  these,  so  far  as  could  be  learned,  were  the  only  attempts  to 
interfere  with  the  river.  The  banks  are  nowhere  caving,  and  once  cleared  the  channel 
would  probably  remain  good.  The  bottom  land  is  so  low  that  it  is  covered  with  every 
freshet,  and  is  not  liable  to  be  cleared  so  tusto  fonn  eut-otfs;  a  growth  of  cane  protects 
it  from  washing.  The  water  is  almost  absolutely  free  from  any  earthly  material  in 
suspension,  but  is  colored  to  a  «lark  coffe<'*-color  by  cypress  and  gum.  Mr.  Settoon*s 
place  is  now  the  head  of  navigation  for  schooners,  which  they  find  «4'vat  difficulty  in 
reaching,  from  the  great  number  of  trees  bloAvn  in  by  the  Septembei  gale.  There  were 
many  old  snags  and  some  overhanging  trees  forming  obstructions  before.  Below  this 
there  is  nowhere  less  than  9  feet  depth  in  the  channel ;  8  miles  belo\^  Si-i toon's.  Blood 
Kiver  enters  from  the  north  ;  it  is  but  a  tidal  stream  so  far  U])  as  it  is  na  vi^sible  (about 
4  miles),  and  the  width  is  80  feet  or  more  and  the  depth  about  10  feet.  TIi'Tm  ar*'  many 
old  snags  and  trees  and  some  overhanging  trees.  Bluffs  touch  the  river  sufficiently 
often  to  affortl  landing  places.  From  the  mouth  of  Blood  River  to  the  Natal baiiy  is  6- 
miles,  and  from  thence  to  Lake  Maurepas  is  2  miles.  This  distance  has  a  channel 
fully  250  feet  wide  and  a  depth  of  10  to  20  feet.    The  Natalbany  enters  from  the  north 
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and  i8  iiaviiruble  to  the  town  of  SpriDgfield,  10  miles  above  Uh  junction  with  the  Tick- 
faw.  The  (Icptli  Ih  nowhere  le88  than  10  feet  in  the  channel,  and  it  has  a  sufficient 
width  to  turn  a  Hrhooner  or  steamer  almost  anywhere,  but  it  is  somewhat  obstmcted 
by  sna^H,  trees,  and  overhanging  trees.  The  Ponchatoula  River  is  the  most  easterly 
braneh,  and  enters  the  Natalbany  4  miles  above  its  junction  with  the  Tickfaw.  Except 
during  fresliets  it  is  entirely  HU^tplied  by  tide-water,  and  rises  andjfalls  with  the 
lake. 

The  Hifrvey  of  it  begun  at  the  bridge  on  the  Baton  Rouge  and  Ponchatoula  road,  to 
whi«'ii  point  there  in  suttieient  widtli  ad  depth  tor  navigation,  but  the  tirst  2  miles  is 
mueh  obHtruf^ti'd  by  overhanging  trees  and  by  logs  and  ti^'es  in  the  water.  Below 
AVndesboroiigh  there  is  now  navigation  for  schooners,  but  the  channel  is  much  ob- 
strnrte*!  by  ovi^rbanging  trees,  by  trees  blown  in  during  the  fjale  of  September,  and 
by  old  logs  and  snags.  Kaeh  of  the  three  branches  of  the  Tickfaw  is  of  more  com- 
niereial  importance  than  the  main  stream,  and  removal  of  the  obstmctions  will  facili- 
tate ronnuiinication  with  New  Orleans,  and  make^  it  possible  to  use  steamboats  instead 
id"  HJ'hooners.  Any  increase  in  regularity  and  speed  of  the  meaus  of  communication 
will  pn>niote  setthMuent  of  the  country  and  increase  its  eonmiercc.  The  schooners  now 
coming  to  these  rivers  during  all  the  year  (except  the  three  or  four  dull  months  of 

Huniuicr)  an'  about  as  follows: 

Schooners 
per  week. 

To  the  Natalbany 4 

To  till'  lN)nclmtonla 3 

To  the  Blood  Kivcr 2 

To  till* Tickfaw 3 

Besidi'M  the  treight  of  these  schoonei's,  griiat  ({uaiitities  of  hewn  timl>er,  spars,  and 
saw-lo^'s  are  floated  out,  and  an'  to  be  included  in  the  commerce  of  these  rivers. 

The  di'pth  of  water,  which  dei»cnds  entindy  on  the  height  of  water  in  Lake  Mau- 
n*pas,  is  never  sf>  little  as  in  th(>  least  to  atfect  navigation,  and  there  is  at  lowest  water 
of  a  winter  norther  7  feet  of  water  over  tbe  bar  at  the  mouth  of  the  Tickfaw  in  the 
lake,  but  the  bar  at  the  mouth  of  Pass  Manchae  in  Lake  Pontchartrain  has  but 6  feet 
depth,  and  at  low-tide,  with  a  northwest  wind,  less  than  T)  feet.  The  entire  commerce 
of  thcNe  rivers,  and  tlu'  Amite  and  other  rivers  ent>ering  Lake  Maurepas,  must  all 
paNS  thiN  bui*.  No  survey  has  been  made  of  it,  but  from  infonnation  given  by  captains 
of  vessels  (lassing  there,*  I  think  it  will  require  about  120,000 cubic  yanls  of  dredgingto 
nuike  a  good  channel.  The  available  depth  is  said  to  he  much  less  than  it  was  pre- 
vious to  the  l)n*aking  of  the  Bonnet  Carre  cn'vassi'  in  1874.  Most  of  the  wat«r  mm 
that  sourcf*  now  tlnds  its  way  into  Lake  Maurepas,  atul  from  it  alone  comes  the  mnd 
for  a  bar  at  the  mouth  of  Pass  Manchae,  as  all  the  rivers  entering  the  lake  are  clear- 
water  stn^yns.  The  cost  of  ilnulging  the 20,000  cubic  yanls  will  be  about  25  centsper 
.yard,  ov  ^\{^H)  for  the  whole,  if  the  information  should  jirove  correct  as  to  its  amount, 
and  if  nothing  but  dnMlging  were  required. 

(Ml  the  banks  of  the  Tickfaw  and  each  of  its  branches  are  many  shell  mounds  which 
an*  kitchen  refuse  of  some  ancient  race.  The.  shells  of  these  mounds  are  mostly  the 
gnat liodon  clam,  which  is  now  found  living  in  the  lake  below,  and  throughout  the 
inouniis  are  nieces  (»f  broken  ]K)ttery  and  bones  in  small  amount  compareil  with  the 
shells  :  but  all  bones  of  any  size  show  marks  of  having  been  cooked  and  of  haring 
iM'en  split  to  get  at  tln^  marrow.  They  are  part  animal — deer,  &c. — and  in  part  human 
bones.  The  mounds  are  like  thosi*  found  on  all  other  rivers  on  this  part  of  the  coast. 
These  shells  would  be  of  value  if  works  were  niadtj  to  inijirove  Lalkc  Pontchartrain 
na  vigat  ion.  The  inipn)vement  of  the  Tickfaw  Rivi-r  far  above  the  head  of  the  present 
survey  would  ojjen  a  country  where  are  gn)wing  great  forests  of  yellow  pine,  and  afford 
means  of  tloatiiig  it  out ;  far  less  work  would  be  necessary  for  this  than  lor  any  purposes 
of  navigation.  In  its  present  condition  the  ujiper  river,  even  in  highest  water, 
cannot  be  use<l  for  rafting.  Pnun  the  head  of  the  sjirvey  down  to  the  Chapman  place, 
ehwure  of  one  fork  at  Whetuiore  Island,  and  removal  of  the  snags  and  trees  now,  may 
give  the  water  of  the  next  one  or  two  high  river  S4>a sons  a  chance  to  wash  out  one 
chaiini'l  to  an  extent  to  make  it  navigable.  It  is  quite  ]irobab1e  tliat  a  little  washing 
on  the  slu»al  jdaces  will  show  that  they  are  really  but  sunken  logs  slightly  covered  witC 
sand  ;  and,  if  so.  renM)val  will  at  once  make  the  river  navigable  to  tlie  head  of  the 
survey.     Estimates  for  the  iini»rovements  proposed  will  be  as  follows: 

TickfaAv  River  from  head  of  snrvev  at  Van  Buren  place  to  Chapman's  place, 

G  miles,  at  »rm 13,000 

Chapman's  to  Settoon's  i)hice,  4  miles,  at  i^OO 1, 200 

Sottoon's  to  lake,  10  miles,  at  8100 1,600 

Blowl  River,  4  miles,  at  JlOO 400 

Natalbany  and  Ponchatoula  rivers,  15|  miles,  at  $150 2, 325 

Add  for  contingencies,  &c.,  *iO  per  cent 1,706 

Total 10, 
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A  oliart  of  these  rivers  lias  been  made  on  a  flcal<^  of  :i7i,Viv,  showing  all  vibible  ohstrnc- 
tionii  and  charaeter  of  tlio  banks,  sonndinga  at  low- water,  iVc. 
Yonrs,  respectfully, 

IT.  C.  Coi.Lixs, 
AHvivtaiti  Emjluevr. 
Waj.  C-.  W.  HowKLL, 

Cofjfit  of  Enyineer8j  U.  S,  J. 


examination  of  a3iite  river,  louisiana. 

United  States  Engineer  Office, 

New  Orleans,  February  27,  1880, 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  H.  S.  Doughis  of  an  examination  of  Amite  Eiver,  Louisiana, 
l)rovi(led  for  in  act  of  Congress  approved  IMarch  3,  1879. 

Tracings  of  chart,  drawn  to  a  scale  of  5  oV^>  ^^^^^  ^®  forwarded  in  a 
separate  package. 

Kecommendations  of  Mr.  Doughis  as  to  plan  of  improvement  are  given 
in  his  report,  and  are  concurred  in.  His  estimates  are  also  approved, 
and  can  be  expended  to  advantage  on  the  work  dunng  the  ensuing  fiscal 
year,  viz,  $23,760. 

I  am  unable  to  furnish  valuable  information  concerning  the  commercial 
importance  of  the  work  other  than  that  given  in  the  report  of  Mr.  Doug- 
las.   The  work  is  not  susceptible  of  permanent  completion. 

It  iH  located  in  the  collection  district  of  Now  Orleans.  The  nearest  light-house  is  at 
the  mouth  of  Pass  Manchac,  between  Lakes  Maurex^us  and  Pont<;hartniin. 

Very  respectfully,  your  obedient  servant, 

0.  W.  Howell, 

Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


IIEPOIIT  OF   MR.    11.    8.    DOUGLAS,    ASSISTANT  ENGINEEK. 

New  Orleans,  La.,  January  31,  1880. 

Sm :  In  ohedience  to  instructions  received  from  you,  I  left  New  Orleans  August  18, 
1879,  for  the  purpose  of  making  an  examination  of  the  Amite  River,  Louisiana,  and 
liave  the  honor  to  submit  this  my  final  report,  with  accompanying  chart-s. 

The  river  yv^SLS  travenuMl  with  transit  and  stadia,  and  soundings  taken  for  73^  miles, 
coiumencing  at  Thompson's  Bridge,  where  the  road  from  Clinton  to  Amite  City  crosses 
tbo  river,  and  ending  at  the  i)oint  where  Bayou  Manchac  joins  the  Amite.  Below  that 
point  a  running  examination  was  made,  as  per  orders. 

The  Amite,  or  old  river  Bienville,  below  Bay<ui  Manchac,  had  been  previously  sur- 
veyed in  the  year  1807,  bv  Lieut.  J.  K.  Hezlep,  United  States  Engineers.  (See  Rex)ort 
of' the  Chief  of  Engineers  for  18(58,  page  48(5.) 

For  convenience  in  description  I  divide  the  river  into  three  sections  in  reference  to 
the  cost  and  difficulty  of  inix)roving  tlie  same.  All  obstructiims  are  delineated  on  the 
accompanying  charts,  and  a  minute  description  of  the  same,  mile  by  mile,  would  be 
tedious. 

FIRST  SECTION' 

comprises  the  distance  from  Thompson's  Bridge  to  the  end  of  the  fortieth  mile,  and 
will  all  bo  found  on  chart  No.  1. 

The  river  meanders  through  a  heavily  timbered  valley  or  bottom  land  which  averages 
about  1  mile  in  width,  and  subject  to  overllow  during  floods.  The  margin  of  this 
valley  and  the  high-wat^jr  banks  of  the  river  is  a  high  roiling  country,  thickly  settled 
and  well  cultivated.  In  its  jnoanderings  the  river  occasionally  strikes  this  high 
country,  and  in  such  casrs  the  bliilf  averages  from  20  to  30  feet  in  height. 

Timber  of  almost  every  variety  abounds  in  the  valley,  cypress,  pine,  and  beech  be-. 
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iiig  the  most  prevalent,  but  owing  to  the  numerous  obstnictious  in  the  stream  it  is 
never  rafted  to  a  market. 

The  obstructions  are  chieflv  trees,  wliicli  liave  fallen  in  by  the  caving  of  the  banks, 
caused  by  the  swift  current  tluring  floods.  The  general  character  of  the  stream  is  a 
succession  of  x>ools,  sometimes  over  a  mile  in  length  and  not  less  than  4  feet  in  depth, 
connected  by  ripples  or  shoals,  there  often  being  not  nipro  than  1  foot  of  water  over 
them.  The  bed  of  the  stream  is  generally  gravel  or  sand,  and  the  shoals  are  iuvaiiably 
composed  of  these  materials. 

There  are  a  number  of  island  chutes  Avhich  would  require  to  be  closed,  as  the  river 
during  low-water  cannot  bear  any  diversion  of  its  volume  from  the  main  channel. 
But  few  cut-ofts  exist,  and  thos*^  that  do  have  been  made  by  the  river  itself  and  not 
by  artificial  means.  The  avera^jje  width  of  this  section  is  lUO  feet,  with  a  least  dei>th 
of  1  foot;  maximum  velocity  of  cun'eut  at  high-water,  4.4  feet  per  second;  average 
velocity  at  low-water,  1.4  foot  per  second.  The  obstmctions  to  be  found  consist  of 
about  450  snags,  300  fallen  trees,  200  overhanging  trees,  and  20  standing  trees.  The 
removal  of  these,  togeth<*r  with  the  closure  of  19  island  chutes,  and  cleariug  out  of 
two  cut-offs,  -would  give  a  low-water  channel  of  20  inches.  One  bridge  would  have 
to  be  converted  into  a  draw  or  removed. 

The  removal  of  these  obstructions  would  cost  $300  per  mile,  making  a  total  for  the 
40  miles  of  ^1\*,000. 

SKCTION  NO.    2 

includes  from  the  forti(;th  mile  to  the  junction  of  Bayou. Manchac,  73|  miles  fi-om  the 
initial  point  of  the  survey,  eomju-itsing  33 J  miles  of  river.  The  valley  of  the  river  is 
the  same  as  that  of  the  lii-st  section,  but  the  width  and  depth  of  the  stream  ara  gn*at1y 
increased.  On  the  forty-first  mile  it  receives  from  the  west  its  first  tributary  of  any 
size,  Sandy  Creek,  and  on  the  fifty-sixth  mile  it  is  joined  by  the  Comite,  a  stream  of 
about  one-half  the  volume  of  the  Amite.  The  addition  of  these  two  streams  increases 
the  average  width  to  175  feet.  The  present  least  depth  below  Sandy  Creek  is  2  feet, 
and  below  the  Comite  3  feet.  There  are  no  ripples,  and  the  velocity  of  the  current  is 
decreased,  the  fall  being  divided  over  the  entire  distance  instead  of  being  concentrated 
at  the  ri])ples  or  shoals.  The  maximum  velocity  is  2.2  feet  per  second,  miuimnm  0.4 
foot  per  second.  The  obstructions  to  be  removed  consist  of  about  175  snags,  140  fallen, 
ICK)  overhanging,  and  35  standing  trees:  also  about  10,000  running  feet  of  bank  to  be 
cleared  of  projecting  willows.  There  are  throe  island  chutes  to  be  closed,  three  cnt- 
ofl's  to  be  cleared  out,  and  one  bridge  to  be  removed  or  converttMl  into  a  draw.  The 
removal  of  these  ol)8tructions  would  give  a  low-water  channel  of  3  feet. 

The  amount  required  is  estiumted  at  ^U)0  per  mile,  making  a  total  for  the  33^  miles 
of  Jgi5,025. 

SKCTION   NO.    3 

comprises  from  l»ayou  Manchac  to  Lake  Maurepas,  :37  miles,  is  a  tide-water  bayon, 
with  ample  depth  for  all  vessels  navigating  it.  Before  the  closure  of  Bayon  Manchac, 
this  bayou,  together  with  the  Lower  Amite,  fonned  one  of  the  many  passes  throngh 
which  the  watei-s  of  the  Mississipi)i  found  their  way  to  the  Gulf,  and  was  then  known 
as  the  river  Bienville.  There  is  at  the  present  time  a  line  of  steamers  running  lietween 
New  Orleans  and  Hope  Villa,  on  Bayou  Manchac.  The  chief  obstmctions  complained 
of  by  these  boats  are  the  bars  at  the  mouth  of  the  Manchac;  and  at  the  mouth  of  the 
Amite  in  Lake  Maurepas,  )>ut  as  no  lino  was  run  upon  this  portion  of  the  stream,  there 
is  not  sullicient  data  to  base  an  estimate  for  their  improvement  upon.  Any  improve- 
ment  of  these  bars  would  necessitate  the  same  upon  tlie  one  at  the  Lake  Poutchartrain 
end  of  Pass  Manchac,  as  thtj  depth  of  water  uiuui  all  three  is  about  the  same,  varying 
from  5  to  6  feet  at  low- water,  the  least  depth  being  during  the  prevalence  of  uorUi- 
west  winds. 

Four  and  a  half  miles  below  Manchac  is  the  town  of  Port  Vincent,  and  fVomhere  to 
Whitehall,  Ki  miles  below,  the  banks  are  quite  thickly  settled  ;  this  portion  of  tlie  river 
having  the  immediate  banks  the  highest  and  sloping  ba«'k  to  the  swamp.  From  White- 
hall to  the  lake  the  )>anks  are  swamp,  with  an  occasional  shell  bank.  The  obstmctions 
consist  of  45  snags,  20  fallen  and  42  overhanging  trees.  There  is  nowhere  in  the  river 
less  than  15  feet  of  water,  and,  except  during  floods,  the  current  depends  uiM)n  the 
tide. 

An  estimate  of  §75  per  mile  is  made  for  this  section,  making  the  total  amount  for 
the  37  miles  :S2,775. 

RKCAPITULATION. 


I 


First  section,  40  miles,  at  $300  per  mile $12,000 

Second  section,  JJ^H  i»iles,  at  ;j>175  per  mile 6, 08S> 

Third  s<;ction,  37  miles,  at  $75  per  mile 2,773 

Add  20  per  cent,  for  engineering,  contingencies,  Ac 3, 960 

Total a3,7«> 
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Tbe  commerce  to  be  iM^npfitod  is  largo  and  important,  as  the  river  is  borilored  by- 
plantations,  the  most  of  which  are  engaged  in  tlie  cultivation  of  cotton.  IShouId  tbe 
upper  river  be  oi)ened  to  navij>;ati(m,  at  least  10,000  bales  of  cotton,  besides  consider- 
able sugar,  corn,  and  all  varieties  of  country  i)roduce,  together  Avith  lumber  and  wood, 
would  lind  their  way  by  this  route  to  a  market.  At  present  all  produce  has  to  be 
hauled  overland,  either  to  the  Mississippi  River  or  Jackson  Kailroad. 

Staves,  shingles,  lumber,  and  wood  are  the  principal  products  of  the  lower  river, 
and  a  considerable  quantity  of  sugar  and  molasses  comes  from  Bayou  Mnncrlinc.  The 
return  trade  would  be  large,  as  all  i)ersons  residing  on  the  river  would  obtain  their 
supplies  by  this  route.  The  present  value  of  the  commerce  of  that  portion  of  the  river 
navigated  is  about  $2r>0,000  per  annum. 

Tbe  Amite  River  is  the  natural  drain  of  all  the  country  lying  between  it  and  the 
Mississippi  River,  and  it^  headwaters  extend  far  up  into  tlie  State  of  Mississippi. 
The  bed  of  the  stream  is  not  suflicieut  during  heavy  rains  to  carry  off  the  drainage  of 
this  immense  area,  and,  in  consequence,  it  overtlows  its  entire  valley,  sometimes  rising 
15  to  18  feet  in  24  hours,  this  being  its  range  between  high  and  low  water  at  Williams's 
Bridge. 

Your  assistant  was  informed  that  in  years  i)a8t  the  subject  of  improving  this  river 
had  been  agitated,  and  that  the  State  government  had  appro]>riated  §75,0(J0  for  that 

Eurpose.     With  this  appropriation  the  river  was  cleared  of  obstructions  as  far  up  as 
tennis's  Mill,  22  miles  below  the  initial  point  of  the  present  survey. 
All  the  inhabitants  take  a  deep  interest  in  the  proposed  improvement,  and  your  as- 
sistant and  his  party  were  treated  with  the  utmost  hospitality,  and  i^very  assistance 
required  cheerfully  afforded. 
Very  respectfully, 

11.  S.  Douglas, 
Amnlani  Engineer. 

Ma,i.  C.  W.  HowKLL, 

Corps  of  Juiginters^  I'.  S.  J. 


examination  for  a  canal  to  connect  the  waters  of  bayou 
teche,  at  ciiarenton,  with  grand  lake,  louisiana. 

CTnited  States  Engineer  Office, 

Kew  Orleans,  February  27,  1880. 

General  :  I  liave  the  honor  to  submit  herewith  the  report  of  Assist- 
ant Engineer  H.  0.  Collins  of  an  examination  for  a  canal  to  connect  the 
waters  of  Bayou  Teche,  at  Gharenton,  with  Grand  Lake,  Louisiana,  pro- 
vided for  by  joint  resolution  ai)prove(l  June  28,  1879. 

A  plot  showing  the  location  of  the  proposed  canal,  and  profiles*,  draTvn 
to  a  scale  of  ^-sVo*?  ^  ill  ^^  forwarded  in  a  separate  package. 

Becommendations  of  Mr.  Collins  as  1o  plan  of  improvement  are  con- 
curred in.  These  will  be  found  in  his  report,  appended  hereto.  His 
estimates  are  also  approved,  and  can  be  expended  to  advantage  on  the 
work  during  the  ensuing  fiscal  year,  viz,  $73,196.40. 

The  work  will  constitute  a  permanent  improvement,  in  the  ordinary 
acceptance  of  the  word  permanent.  The  work  is  of  very  considerable 
importance,  as  set  forth  in  Mr.  CoUins's  report. 

The  work  is  situated  in  the  collection  district  of  New  Orleans.    The  nearest  light- 
house is  at  the  mouth  of  the  Atchafalaya  Kiver. 

Yery  respectfully,  your  obedient  servant, 

C.  W.  UOWELL, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Weight, 

Chi^f  of  Engineers^  TJ.  S.  A. 
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iiKror.T  OF  MK.  n.  c.  collixs,  assistant  engineer. 

Nkw  Orleans,  La.,  January  31,  1880. 

^Ia.ioi:  :  I  liavi^  th<^  lioiior  to  submit  the  followinjij  roi>ort  of  the  examination  for  a 
canal  at  Chjuvntoii,  to  conuoct  tlie  waters  of  Bayou  Techc  at  Chareuton  with  Grand 
l^alve,  Loui.siaDa. 

I  arrived  at  Charenton  on  the  y2(l  of  Noveuilior,  and  found  Mr.  Edward  Sillon,  E. 
Maynai-d,  and  Alfred  FusilitT,  th«  parish  surveyor,  who  friive  me  all  necessary  infor- 
mation ahout  land  lines  and  hijiich  and  low  watermarks,  and,  with  other  citizens,  f^ve 
all  tho  aMsistanee  n  H'd«d  in  measuring  distances  and  running  the  level  lines.  All  were 
very  nnieh  interested  in  the.  ]>roi)osed  improvement. 

The  actual  distance  fnmi  Avater  edj;e  in  tho  lake  to  Bayou  Teche  is  5,594  feet  atlow- 
waler,  hut  for  the  canal  5  feet  in  depth  at  low-water  1,000  feet  fn>m  shore  line  in  the 
lake  to  the  channel  must  ))e  added  to  this  distance.  The  land  ci*oss<.mI  is  an  old  sugar 
plantation.  All  was  once  in  cultivation,  Imt  is  now,  except  a  small  field,  abandoneil 
to  ctmimon  ]>asture.     It  is  entirely  free  from  trees  ov  stumps. 

There  is  no  swamp,  and,  though  no  borings  were  m:ule,  the  universal  experience 
along  this  portion  of  the  Teche  in  digging  Avells  for  stock  water,  &c.,  woald  show 
that  there  is  no  quicksand  to  interfere  with  the  excavation  of  the  canal. 

At  the  time  of  the  surv(;y  the  wind  had  blown  for  several  days  from  the  northwest, 
and  the  water  was  at  tlie  extnMiie  low  stage  only  reached  at  low  river  aft-cr  northers. 

In  the  Teche  the  water  was  1.593  feet  below  a  mean  low-water  mark  established  by 
Mr.  Fusilier  from  the  experience  of  many  v(?ars  on  the  bayou.  In  Grand  Lake  it  was 
•i  feet  below  tho  black  low-water  line  on  piles  and  cypress  trees  in  and  near  the  water. 

The  depth  in  the  lake,  when  the  channel  was  reached,  1,000  feet  from  shore,  was  4 
feet,  and  soundings  were  made.three-fourths  of  a  mile  further  with  no  change  of  depth, 
and  I  was  told  that  the  depth  Avas  uniform  entirely  across  the  lake  to  Bayon  Pigeon, 
but  that  it  was  deeper  northward  to  the  channels  leading  into  the  lake  from  the  Upper 
Atchafalaya. 

The  bottom  avjis  blue  mud,  quite  stiff,  with  many  shells  of  gnathodon  clam,  both 
alive  and  dead  :  and  the  shore  just  eiistward  from  the  proposed  mouth  in  the  lake  is  a 
ri<lge,  15  fet^t  high  in  places,  of  the  same  shells. 

The  plantation  is  known  as  the  Mossy  Tract  and  belongs  to  tho  Citizens'  Bank  of 
New  Orleans.  Mr.  Sillon  had  communicat'ed  with  its  officers  and  had  found  them 
willing  to  grant  the  right  of  way  free ;  which  they  could  well  afford  to  do,  as  it  would 
give  tlujm  a  permanent  levee  on  the  upper  line  of  the  plantation. 

The  height  of  watt^r  in  tho  Techc  was  0.097  foot  above  that  of  the  lake  November 
*i3,  and  at  low-water  there  is  seldom  any  material  diiference  in  tho  water  levels. 

The  llood  of  1874  was  the  high(^st  known  in  Grand  Lake,  and  it*  height  was  12.776 
feet  above  extreme  low-water,  reaching  to  within  500  feet  of  the  water  of  the  Teche, 
and  the  narrow  ridge  between  them  was  here  but  l.IiS:}  f(^t  high.  The  water  Of  the 
Teche  at  the  same  time  was  2.881)  feet  below  that  of  the  lake,  and,  thongh  the  highest 
known  in  tho  Teche,  was  but  9.790  feet  above  extreme  low-water.  Tho  low-water 
supply  of  the  Teche  is  mainly  by  Bayou  Fusilier  and  entirely  from  rains  of  the  region 
to  wc/stward  of  the  Teche.  The  waters  of  the  Teche  join  those  of  Grand  Lake  at  the 
junction  of  tlu^  Teche  and  Atchafalaya,  but  it  is  about  80  miles  around  by  water  from 
Charenton  to  the  lake  end  of  the  proposi'd  canal. 

Din'ctly  across  Grand  Lake,  about  9  miles,  is  the  mouth  of  Bayon  Pigeon,  which 
forms  a  direct  navigable  connection  with  Grand  River  and  through  itwithFlaqnemines 
Bayou,  nnd,  if  a  lock  should  be  made  in  this  bayou  ho  as  to  form  a  connection  once 
more  with  tho  Mississippi  River,  this  would  be  by  far  the  nearest  route  for  water  com- 
munication between  the  Teche  country  and  New  Orleans.  Before  that  time  it  would 
save  about  75  miles  ov<»r  the  ju'esent  route  and  connect  with  it  at  Butte-a-La-BoBe  or 
below,  avoiding  the  worst  portion  of  the  present  channel,  and  having  a  low-wat^r 
depth  H  feet  gn'ater.  There  is  a  network  of  bayous  between  the  Teoho  and  the  Mis- 
sissi])pi  River,  all  connecting  with  the  Atchafalaya.  Many  of  these  hayoits  are  now 
closed  to  navigation  by  blocks  of  raft.  The  navigable  channels  and  thoso  caiwble  of 
being  made  sn  couM  only  be  known  on  a  full  carefjil  survey  of  the  entire  Atchafalayv 
and  its  «'oinn'ct  ing  bayous,  which  has  nt^ver  yet  Ihm^ii  made. 

For  this  canal  a  cut  50  feet  Avi<le  at  the  bottom  will  bo  suffieient  for  commerce,  and 
banks  with  asloi)e  of  1  to  1  will  probably  stand  in  that  kind  of  soil. 

A  basin  000  feet  long  and  100  leet  wide  is  pro]>osed  about  the  middle  of  this  canal  to 
give  room  for  passing  of  boats  and  a  place  for  Ihenj  to  lay  up  in  Cjiseof  nectsssity.  The 
navigable  depth  of  the  route  will  be  at  mean  low  tide  or  onlinary  low  water  5  to  rt 
ft^et.  As  the  cut  requires  to  be  carritMl  out  1,000  feet  into  the  lake,  a  breakwater  may 
possibly  be  found  necessary  on  the  east  side,  which  is  the  only  one  exposed  to  danger 
from  storms. 

This  jiroposed  canal  is  ])eculiar  in  on**  respect.  At  tiiuesof  sudden  rise  in  the  Missi<«- 
sippi  or  bn'ak  of  its  levees.  Grand  Lake  in  some  extreme  case  may  rise  nearly  5  ft-et 
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hijjflier  than  the  water  of  tlio  Tfche.  This  oxtrome  diUVrence  would  last  for  but  a  ftnv 
(lavs,  but  a  diiferoncc  of  nearly  2  fe»*t  would  b«*  a  couiuion  case  in  time  of  lii«rli-wat(T 
in  Mississippi  River.  At  low-wat*<*r  seasouR  a  <lifference  of  »2  or  \i  fei*t  is  at  times  found. 
This  makes  a  I(»ck  necessary  in  the  canal,  and  one  with  double  gates,  so  that  it  can  bo 
hbchI  in  either  direction. 

The  amount  of  water  for  lockage  would,  in  the  nature  of  the  rase,  be  unlimited,  so 
that  two  abutments,  with  the  gates  at  a  distance  of  500  feet  or  more  apart,  would  nuike 
a  lock,  the  sides  of  which  would  need  no  other  wall  than  the  earth  bank  of  the  canal. 
The  abutments  carrying  the  gates  wouhl  need  to  be  long  enough  for  the  double  pair 
of  ^ates.  The  widtli  of  the  clear  passage  should  be  45  feet,  and  the  gates  would  rc- 
mani  open  at  all  times  when  the  diHerence  of  Jevel  was  so  little  as  not  to  cause  a 
scouring  eurnuit.  Th<j  excavate<l  earth  would  form  embankments  far  above  all  over- 
How.     Estimate  for  tlie  work  would  be : 

163,988  cubic  yards  excavat^'d,  at  iio  cents .s-l,'),  997  00 

Gates  and  abutments,  approximate ir>,  000  00 

Add  for  conl  iugeucles  20  per  cent 1*2,  liK)  40 

Total 73,  UK)  40 

The  connnerce  to  l>e  benefited  by  the  ])ro]ios<*d  canal  is  now  annually  15,000  cypress 
trees,  which  h*ive  to  be  towed  fii)  miles  farther  than  necessary,  and  ii5  of  which  is  over 
au  oi»en  lake  where  rafts  are  frecpu»ntly  bi-okeu  up  and  lost,  at  an  extra  expense  of  not 
less  than  81  each.  Five  hundreil  thousand  barrels  of  coal  now  used,  at  an  extra  ex- 
pense of  not  less  than  5  cents  per  barrel  for  towage  and  risk,  probably  much  niori*  than 
that.  The  entire  amount  of  all  the  lumber  now  used  on  the  I'pper  Teche,  all  of  which 
comes  from  the  Upper  Grand  Jjake  countrv*  and  above,  and  all  of  the  fencing,  would 
also  l>e  baveil  tluit  distance  of  towage,  as  it  also  comes  from  the  swamp  bayous  of 
the  Upi>er  Atchafalaya  region,  ])assed  the  head  of  Grand  Lake.  The  amouni;  of  these 
is  not  known,  but  is  very  great.  Also,  all  the  sugar  and  cotton  raised  iu  the  Teche 
conntry,  and  that  coming  down  it  from  farther  west,  would  have  a  route  shorter  by  75 
miles  than  at  present,  and  a  low-Avat^r  de])th  1^  feet  gi'eat«r  at  least. 

Commerce  would  be  greatly  increased  as  the  lands  of  the  bayou  and  those  of  the 
prairie  conntry  to  westward  were  brought  more  fully  into  cultivation. 

This  canal,  however,  fonns  but  a  coniiecting  link  in  the  j^eneral  plan  for  improve- 
ment of  the  bayous  of  the  whole  delta  region.  Although  it  alone  would  be  of  great 
benefit  to  the  inhabitants  of  the  Teche  country,  it«  value  would  be  greatly  increased 
if  the  work  on  the  Teche,  Atchafalaya,  and  its  connections  above  with  Heel  River  and 
Courtableau,  and  the  shorteue<l  route  into  the  Mississippi  by  way  of  the  Plaquemines 
Bay  oil  were  comphjted. 

Plot  and  profile  of  the  canal  are  made  on  scale  of  ot^otj. 
Yours,  i-esiKictfnlly, 

II.  v.  Collins. 

Maj,  C.  W.  ITowKLL, 

Corps  of  EnginnrH^  U.  S.  J. 


su3rmary  of  preceding  reports  ox  examinations  vxd  surveys 

of  water  courses  in  louisiana. 

United  States  Engineer  Office, 

Xew  Orleans,  Febnutry  27,  18S0. 

General  :  I  have  the  honor  to  submit  herewith  report  of  Assistant 
Engineer  II.  C.  Collins  on  the  various  surveys  ami  examinations  recently 
made  iu  Louisiana,  under  my  direction,  as  provided  for  iu  the  river  and 
harbor  act  approved  March  3, 1H79.  This  report  is  a  summary  of  the 
different  reports  of  examinations  and  surveys,  and  a  condensation  of  the 
plans  and  estimates  submitted  with  a  view^  to  the  genera^  improvement 
of  the  water  courses  surveyed. 

Very  nispectfully,  your  obedient  s(»rvant, 

C.'.   W.  Jl0\\T.LL, 

Major  of  Engineer fi. 
Brig.  Gen".  H.  G.  Wright, 

Chi<f  of  Enf/hieerSj  II.  8,  ui. 
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r.ErOKT  (IF  MR.    II.    C.   COLLINS,   ASSISTANT  P:NGIN£ER. 

Nkw  Orleans,  La.,  January  31,  1860. 

Major:  The  surveys  <ui  wliidi  Messrs.  Doujrla.s,  Ifoffiimii,  Elms,  and  myftelf  Iravo 
been  t>iit]::igiMl  since  Hit*  Uiat  nniiual  report  can  be  divided  by  the  Misaiasippi  River  into 
two  pints. 

The.  poition  east  of  tlvo  Mississippi  consist-s  of  examinations  of  the  Pearl  River, 
Mandeville  Harbor,  Telicfimctc  River,  Tangipahoa  Kivor,  the  Tickfaw  and  itabanches, 
Poncliatonla,  Natalhany,  and  Bh>od,  and  the  Amite  rivers. 

A  lar^o  portion  of  the  work  rec^nired  on  these  streams  consists  of  removal  of  snacs, 
logs,  and  trees  from  tlie  channel,  and  overhanging  treeiifrom  their  bauks,  but  iucludes 
some  dredging  at  the  entrances  of  Tchefuncte  and  the  Bayou  Castain  at  Mandeville. 

Fulh^r  data  are  necessary  than  couhl  possibly  be  obtained  for  Pearl  River  before 
finally  determining  on  the  exact  route  for  the  new  channel  to  follow.  The  distance 
to  be  examined  and  the  time  ]>ossible  to  spend  upon  it  were  so  disproportionato  that 
but  one  lino  could  be  followed.  Should  an  appropriation  be  made  for  work  on  the 
lower  i)orti(ni  of  the  river,  a  few  weeks  will  be  required  for  its  further  examiuation, 
not  in  regard  to  the  possibility  of  improving  it  or  the  necessity  of  so  doing,  but  only 
the  details  neci'ssarv  for  deciding  on  the  route  t«>  be  followed. 

The  importance  and  feasibility  of  the  imiirovement  were  fully  shown  by  the  exami- 
nation. 

The  harbor  at  Mandeville  can  easily  be  made,  and  suc^h  a  harbor,  l>cside8  accommo- 
dating the  tratle  of  the  town,  would  fre(iuently  jn'ove  a  safe  harbor  of  refuge  for  ship- 
ping during  the  gales. 

There  is  little  work  to  be  reconnnended  for  the  Tchefuncte  River.  Some  removal  of 
snags  and  trees  will  be  useful  and  is  needed,  but  it  is  not  practicable  to  much  improve 
the  river  except  at  great  expense,  not  warranted  by  the  good  to  be  derived,  but  an 
improvement  of  the  bar  where  it  enlc^rs  Lake  Pontchartrain,  so  that  it  will  be  possible 
to  cross  at  any  time,  is  very  much  ne(>ded,  and  will  be  but  a  slight  expense  compared 
with  its  importance  as  a  harbor  of  refuge  for  the  shipping  on  the  lake,  as  well  as  for 
the  vessels  i^oing  into  the  river  during  the  frequent  gales. 

The  examination  of  Tangipahoa  River,  which  was  niadc  last  winter  by  Mr.  Donglas 
too  late  for  action  by  Ccmgress  at  that  time,  showed  that  the  ex])ense  of  carrying  navi- 
gation noarlj'  GO  miles  up  that  river  Avould  not  be  great,  and  that  it  would  give  a  sreat 
relief  to  farmers  in  transportation  of  their  produce  and  for  manufacturers  who  have 
begun  business  on  its  banks. 

The  im])rovement  of  Tickfaw  River  and  its  tributaries,  costing  bnt  little  in  all, 
would  open  an  extensive  and  valuable  country  to  commerce,  and  very  much  improve 
the  facilities  for  that  at  present  existing. 

Mr.  Douglas's  survey  of  and  report  on  the  Amite  River  shows  the  imx>ortance  of  that 
stream  to  a  largo  tract  avIioso  only  outlt>t  to  market  it  is,  and  the  great  help  which 
extension  of  the  navigation  about  60  miles  above  its  jiresent  head  would  bo  to  the  in- 
habitants near  it.  The  improvement  of  the  rivers  emptying  into  Lake  Maiirepas 
would  lose  much  of  its  importance  unless  l^iss  Mauchac,  connecting  Lake  Maurepas 
with  Lake  Pont(;hartrain,  should  also  be  improved. 

Although  no  survey  of  this  jiass  was  made,  it  was  a,scertained  from  parties  consid 
ered  reliable  that  the  depth  of  water  over  the  bar  at  th(^  entrance  of  the  pass  into 
Lake  Pontchartrain  was  only  .^>  feet  at  ordinary  low- water,  and  during  northers  nearly 
a  foot  less.    Five  thousand  dollars  would  probably  increase  the  depth  to  the  advan- 
tage of  commerce  through  the  pass. 

The  examinations  west  of  the  Mississippi  River  were  on  bayous  of  the  delta  of  that 
river,  where  the  present  commerce  is  inuuense  and  constantly  increasing. 

One  class  of  these  bayous  has  lost  the  connection  with  the  Mississippi  which  the 
other  class  yet  retains,  and  nnist  be  treated  in  a  diflerent  manner  irom  those  receiv- 
ing their  supply  from  the  Mississippi. 

liayou  Terrebonne  is  the  only  one  examined  belonging  to  this  class.  Tlie  entire 
class  are  now  merely  tide-bayous,  and  at  their  scia-cnds  the  shoal  bays  are  encroach- 
ing on  the  sea-marsh  banks  and  tending  to  level  down  the  little  irregularities,  not 
ju'obably  taking  the  10-foot  curve  of  the  Gulf  at  all  shoreward,  but  on  the  contrary 
advancing  it,  while  washing  away  the  narrow  strips  of  sea-marsh  near  the  outer  en& 
of  the  bayous,  which  were  always  covered  at  high  tides. 

^o  long  as  the  connection  with  the  Mississii>pi  remains  open,  as  is  the  case  with  La 
P^ourche,  the  bayou  will  relain  its  side  walls  of  sea-nuirsh  and  gradually  pmdi  them 
seaward,  while  waves  of  the  Gulf  pile  up  a  portion  of  the  material  carried  oat  as  a 
chain  of  coast  islands. 

Between  the  mouths  of  La  Fourche  and  Atchafalaya  the  whole  delta  fit)nt  now  ap- 
pears to  be  undergoing  this  rounding-off  and  leveling  process.  There  ore  many 
bayous  iiudnde^l,  all  of  which  have  lost  their  connection  with  their  former  sooroe  of 
supply  in  the  Mississi])pi.  Terrebmine  and  Timbalier  bays  have  Itecome  practieally 
but  one  bay  by  the  disappearance  of  the  narrow  tongue  of  sea-marsh  which  divided 
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thftin  in  1HI>0,  wliicli  was  made  and  sustained  only  by  additions  received  from  the 
MirtHiHHii>i>i  t]iron<r1i  IJaynii  TerrelKHine. 

So  far  as  liayoii  TerrelKiniie  and  Riniilar  hayous  are  eoncerned,  no  help  ean  be  jjiven 
thorn  wliieh  will  materially  improve  them,  except  some  lide-water  canal  which  should 
connect  the  whole  rtit^ion  from  the  Mississip])!  west,  d red pjin^  through  the  sea-marsh 
followinj]f  the  course  of  available  bayou,  bay,  and  lake  channels  to  save  dredging, 
o})oning  in  this  way  the  entire  seaboard  to  internal  mivigatitm  to  the  Texas  State  lino 
at  least.    The  subjiM't  was  noticed  in  the  report  on  the  inland  water  route  in  1874. 

Parts  of  this  work  are  now  being  done  by  private  enteriirise  on  different  charters 
from  the  State.  There  are  several  such  canals  that  have  been  abandfmed,  and  those 
that  nm  kept  open  cost  about  as  much  for  repairs  jis  the  receipts  from  tolls  amount  to. 

The  remainder  of  the  bayous  examined  are  those  which  connect  with  the  Atchafa- 
laya.  The  first  of  these  is  Bayou  l)e  Olaiae,  which  enters  the  Atchafalaya  at  Simms- 
jjort,  a  few  miles  l)elow  its  head.  It  is  <mly  for  a  few  months  of  the  year  that  there 
is  any  natural  supply  of  wat<?r  for  o]>en  navigation  of  this  bayou,  and  that  comes  from 
Red  River  or  back-water  from  the  Mississipju.  Lake  l*earl  is  its  he<ad.  The  lake  and 
it«  adjoining  low  cypress  swamps  will,  as  a  reservoir,  hold  a  supply  suflicient  to  last 
through  any  but  i>rotracted  droughts  for  lockage  of  the  low-wat<»r  season. 

Level-lines  were  not  run  on  any  of  these  examinations,  but  sutficient  data  were  ob- 
tained from  high-water  marks  and  height  reached  by  any  given  back-water  to  t*how 
that  it  will  take  but  three  locks,  each  of  which  would  require  a  lift  of  7  to  8  feet,  to 
open  this  rich  and  productive  country  to  connnerce  throughout  the  year. 

The  plan  for  needle-dams,  with  permanent  sujiports  for  the  needles  and  abutments 
for  the  gates  about  *-iOO  feet  apart,  using  the  walls  of  the  bayou  a.s  lock-walls,  is  appli- 
cable to  this  bayou.  The  plan  is  a  modification  of  that  so  extensively  in  use  in  France, 
and  is  so  changed  as  to  fit  the  peculiar  circumstances  of  these  bayous.  At  high-water 
needles  would  be  removed  and  gates  opened,  giving  fnje  passage  '25  feet  wide. 

Evergreen  village  is  7  miles  from  what  would  be  the  heml  of  permanent  navigation 
Tvith  these  imj^rovements ;  it  is  situati^d  on  *'The  Bay  Hills."  Valleys  are  cut  through 
this  high  land,  the  one  between  Avoyelles  Prairie  and  Bay  Hills  being  occupied  by 
the  De  Glaise  and  Baj'ou  Kouge,  a  connecting  bayou,  which,  during  very  high  water 
takes  some  of  the  water  from  Bayou  De  Glaise,  2  miles  below  LaKe  Pearl.  Bayou 
Rouge  is  joined  by  Baj'ou  lluffpower  from  the  Bcfuf,  and,  running  to  the  southeast, 
reaches  the  Atchafalaya  at  Church ville,  where  it  ha^  a  dam  to  retain  its  water  for 
navigation,  which  would  otherwise  be  like  that  of  the  De  Glaise.  A  small  steamer 
Ijrings  out  freight,  and  it  is  transferred  across  the  levee  at  Churchville  to  larger 
Ateamer  in  the  Atchafalaya.  The  BaMif  runs  in  great  sweeping  bends,  such  as  must 
have  been  inatle  by  some  much  larger  stream  than  it  now  is.  It  passes  between  the 
Bay  Hills  and  the  bluffs  of  Rapides  and  Saint  Landry  parishes,  which  it  touches 
only  near  the  town  of  Washington  for  a  few  miles,  but  the  drainage  of  which  now  fur- 
nishes the  entire  supply  of  water  f(U'  its  navigation,  as  the  former  connection  with 
Red  Kiver  has  been  cut  off  by  dams  on  Bayou  Robert  and  Bayou  Rajudes.  The  Red 
River  deposit  is  found  throughout  the  whole  series  of  Bayous  Teche,  Bceuf,  Vermill- 
ion, and  Atchafalaya ;  beneath  it  is  this  blue  clay,  wherever  banks  are  so  washed  as 
to  disclose  their  ancient  courses. 

The  BuMif  is  now  like  a  canal  in  its  cross-section,  and  needs  but  locks  to  make  it  one 
in  fact.  Above  Washington  the  width  of  gates  need  not  exceed  25  feet  and  the  length 
of  locks  200  feet,  which  is  suflicient  for  its  commerce  and  that  of  the  De  Glaise,  but 
1>elow  Washington  the  width  should  be  45  feet  and  the  length  300  feet  as  well  as  on 
the  Teche. 

The  reports  on  the  Bu^uf,  Courtableau,  and  Teche,  contain  the  results  of  their  ex- 
aminations, but  there  is  need  of  a  thorough  survey  of  the  Atchafalaya  and  its  many 
connecting  branches,  known  under  many  names,  including  Grand  Lake  and  the  whole 
series  of  channels  from  Red  River  down  to  Atchafalaya  Bay.  Small  portions  of  these 
liavo  been  at  times  surveyed,  but  there  is  no  connected  accurate  chart  of  the  ivhole 
2>08sible  from  existing  data. 

The  connection  of  the  whole  series  with  the  Mississippi  will  probably  he  by  moans 
of  a  lock  in  Bayou  Plaquemine,  and  by  this  route  will  the  conmierce  of  the  Red  River 
and  its  tributaries,  as  well  as  the  western  delta  bayous,  reach  New  Orleans,  which 
18  the  natural  center  of  the  whole  delta  country. 

Major  Benyaurd  has  made  a  survey,  plans,  and  estimates  for  the  improvement  of 
this  route  in  connection  with  the  Red  River ;  for  this  bayou  navigation  it  is  fully  as 
important  as  for  Red  River. 

jNowhere  else  in  the  United  States  are  the  conditions  similar  to  those  of  this  Missis- 
sippi region.  In  other  places  ridges  form  the  divides  between  streams  and  water 
runs  to  the  streams. 

The  area  of  tillable  land  includes  in  most  cases  all  the  land  between  where  it  is  not 
monutaioous,  except  those  bottom-lands  on  the  immediate  banks  of  streams  subject  to 
so  great  an  overflow  as  to  endanger  cultivaticm,  while  here  in  the  delta  all  the  tillable 
laud  is  on  the  immediate  banks  of  present  or  extinct  streams,  and  the  slope  is  back 
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towards  swamps  which  recoi  vc  the  drainage  and  the  overflow  of  the  bayons,  and  which 
are  covered  with  cypress  forests  on  the  oUler  swamps,  or  with  sea-u^arsh  below  near 
the  Gulf.     These  banks  are  the  only  ridgos. 

From  the  dei>endencc  of  the^e  bayous  on  the  Mississippi,  or  Red  River,  for  their  snpply 
of  water  above  the  level  above  which  tide-water  rises,  many  of  them  liave  so  little 
water  that  they  are  useless  for  purjioses  of  navigation  during  all  the  low-water  season, 
during  which,  in  the  sugar  and  rice  distncts,  including  all  below  Red  River,  the 
greatest  depth  is  required  for  transportation  of  the  proilucts. 

Railroads  cannot  supply  the  want  of  transi>ortation  in  this  region,  as  wagon-freight- 
ing is  difficult  from  softness  of  the  roads.  Sugar  houses  and  other  buildings  are.  when 
l>()ssible,  built  ou  the  banks  of  bayous  in  order  the  more  easily  to  roll  freight  to  and 
from  boats. 

The  plan  recommendi'd  of  making  slackwater  navigation  for  all  these  bavons,  by 
making  such  locks  as  are  needed  to  accouiplish  this  object,  and  so  making  the  locks 
that  during  high-water  the  gates  cau  l)e  opened,  and  needles  of  the  dams  removed, 
s(»  that  the  current  shall  have  free  passage  and  sweep  out  the  sediment  deposited  at 
low- water  sejisons,  will  cost — 

For  Bayou  De  Giaise,  about — 850,000 

For  Bd'uf  and  Courtableau,  about 110,000 

ForToche,  about (W,000 

For  Charenton  Canal,  about 70,000 

Total 290.000 

The  benefits  to  be  derived  from  making  the  improvements  recomniendwl  in  this  re- 
port cannot  be  even  approximately  estimated,  llie  plantations  along  all  the  bayous 
would  have  good  water  communication  throughout  the  year. 

The  bayous  to  whieli  it  is  ]>roposed  to  apply  this  system  of  slackwater  navigation 
are,  in  fact,  but  natural  canal  channels,  wanting  but  the  locks  to  make  them  nseful. 
Here,  of  all  the  streams  on  this  continent,  is  the  i>lace  to  apply  this  system  of  impn>ve- 
mentson  a  large  scale,  where  the  good  to  be  derived  from  it  will  be  greatest  while  its 
lirst  cost  is  lowest. 

Yours,  respectfully, 

IT.   C.   COLLTXS, 

AisiHtanl  Engineer, 
Maj.  C.  W.  IFowKLL, 

Corjh**  of  Kiifjiiu'crfij  l\  S.  J. 
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rMPRROATi::MENT  OF  mVEKS  AND  nAEBORS   IX  THE  STATE  OF  TEXAS. 


REPORT  OF  MAJOR  S.  M.  MANSFIELD,  CORPS  OF  FXGIXEERS,  UVT,  LIEUI. 
COL,  U,  S.  A.,  OFFICER  IX  CHARGE,  FOR  THE  FISCAL  YEAR  EXDING 
jr-VJy  30,  1880,  WITH  OTHER  DOCUMENTS  RELATING  TO  THE  WORKS. 

United  States  ENomEER  Office, 

Galveston^  Tex.^  July  17,  1880. 

General  :  I  have  the  honor  to  forward  herewith  my  annual  reports 
relating  to  the  works  of  river  and  harbor  improvements  under  my  charge 
for  the  year  ending  June  30, 1880. 

Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 
Major  of  EnginecrSj 
Brevet  Lieutenant- Golonelj  U.  S.  A, 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


N  I. 

improvement  of  SABINE  RIVER,  TEXAS. 

Report  and  estimates  (survey  of  mouth  of  river)  for  improvement  were 
made  April  28, 1871. 

Beport  of  survey  of  "the  bar  at  the  mouth  of  Sabine  River,  in  Sabin'e 
Lake,  and  to  extend  up  the  main  channel  of  said  river  to  Belzoria,  Tex.," 
together  with  estimates  for  improvement,  was  rendered  in  1873. 

The  appropriation  of  1878,  $10,000,  to  be  applied  to  dredging  a  chan- 
nel 5  feet  deep  across  the  bar  at  the  mouth  of  the  river  to  a  depth  of  5 
feet  in  Sabine  Lake  at  mean  low-tide,  with  a  minimum  width  of  100  feet 
or  more,  or  so  much  thereof  as  the  appropriation  will  permit. 

The  appropriation  of  1879,  $6,000,  "for  improving  narrows  of  Sabine 
Biver  above  Orange,  Tex.,  and  to  deepen  the  channel  at  the  mouth  of 
the  Sabine  River,"  is  to  be  applied  to  improving  "The  Narrows." 

PROGRESS  MADE  DURING  YEAR  ENDEJ^G  JUNE  30,  1880. 

Dredging  Sunder  the  contract  of  June  10, 1879,  with  Mr.  Seth  K  Kim- 
ball) began  August  15. 

It  having  been  found  impossible  to  load  scows  by  reason  of  shoal  water, 
one  cut  was  made  through  the  bar  and  the  material  thro^\^l  on  the  north 
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bank.  Tliis  cut  (about  4,000  feet  in  leugtli)  was  completed  ia  October, 
and  a  depth  of  5  feet  mean  low-water  obtiiined  for  almost  the  entire 
lengtli  of  the  cut.  The  widening  and  deepening  of  the  channel  across 
the  bsir  was  continued  during  October,  November,  December,  1879,  and 
January,  1880,  all  material  excavated  being  removed  in  scows  to  suit- 
able dumping  grounds.  From  August  15, 1879,  to  January  31, 1880,  the 
amount  of  material  dredged  amounted  to  40,320.2  cubic  yards. 

February  1, 1880,  the  contractor  was  permitted  to  remove  his  dredge- 
boat  to  the  Xeclies  Bar^  with  the  understanding  that  tlie  dredge-boat 
should  return  to  the  Sabme  Bar  and  work  out  the  balance  of  the  appro- 
priation. In  June  the  conti'actor  returned,  and,  by  dredging  and  remov- 
ing lumi)s  left  in  the  channel,  completed  the  terms  of  his  contract  on 
June  22,  having  removed  2,247.2  cubic  yiirds.  This  additional  dnMlging 
left  a  completed  channel  the  entire  length  across  the  bar  G  feet  and 
deeper  at  mean  low-tide,  and  from  70  to  100  feet  in  width. 

TROKABLE  OrERATlONS  0¥   THE  YEAR  ENDING  JUNE  30,  1881. 

March  20, 1880,  a  re])ort  was  submitted  with  trsieings  of  map  covering 
the  resurvey  of  "The  Narrows,"  made  under  the  provision  of  section  2 
of  the  act  of  Congress  approved  March  3,  1879,  making  appropriations 
for  the  construction,  repair,  preservation,  and  completion  of  certain 
works  of  rivers  and  haibors  and  for  other  purposes,  and  it  was  then 
determined,  with  the  appropriation  of  §6,000  made  in  same  act,  to  im- 
prove that  portion  of  the  river  above  Orange  known  as  "The  Narrows," 

by- 

1.  jNIaking  a  cutoff  from  the  main  river  into  "The  Narrows''; 

2.  Constructing  a  d(nn  across  "Old  liiver''  to  increase  the  volume  of 
water  flowing  through  "The  Narrows";  and 

3.  Removing  all  sunken  logs  and  snags  from  the  upper  5  miles  of  •'  Tlic 
NaiTows." 

An  advertisement  bearing  date  May  25,  1880,  invited  proposals  for 
the  improvement  above  mentioned. 

The  following  is  an  abstract  of  bids  received  in  response  to  the  adver- 
tisement: 


Diildcrs'  naiih's  iiiul  ii'bidriiccs. 


£ 


1  i  William  Miilvcy.Oranjjo  P.O., Omii;r<*  County,  Trxaa 

2  F.  A.  ilyatt,  Oraiif^c,  Orauj^o  Coiiuty,  Tcxum.  .'. 


if 

!   1  = 

S  of  1 

1 

Cro  w 

©■2. 

c>4  d 

U 

Fh 

^ 

PermiU. 

< 

$1,050 

$3,400 

$500 

$5,530 

2,100 

a,  705 

400 

e.205 

The  proposjil  m<ade  by  AVilliam  IVIulvey  was  informal,  no  sureties,  and 
otherwise  defective  in  ail  essential  particulars;  and  that  of  F.  A.  Hyatt, 
though  formal,  was,  in  the  aggregate,  beyond  the  limit  of  available  fhnds. 

Both  bids  were  recommended  to  be  rejected ;  and  for  the  expenditure 
of  the  money  to  advantage,  it  was  recommended,  June  28,  to  roadvertise 
for  bids  covering  the  work  contem])lated  by  the  cut-off  sluA  the  removal 
of  logs  and  snags;  deferring  for  a  while  the  construction  of  the  dam. 

Appropriated  by  act  of  June  14,  1880,  $5,000. 

Kecently,  attention  has  been  called  to  the  fact  that  the  dredged  chan- 
nel through  the  bar  at  the  mouth  of  the  river  requires  to  be  staked  out; 
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coin]>liiiiit  beiii^  made  that  the  channel  is  diflieult  to  navipjate,  owing 
to  tlie  aocnniulation  of  dredged  material  upon  the  north  hank. 

If  reqnisite  authority  (just  asked  for)  be  given,  a  number  of  cypress 
piles,  400  to  500  feet  apart,  will  be  driven  wit^  the  direction  of  the  bank 
and  marking  the  channel,  so  as  to  satisfy  all  demands  of  commerce  there, 
at  a  cost  of  8250. 

It  is  expecjted  that  after  completing  the  work  of  making  cut-off  and 
removing  obstructions  to  navigation,  as  well  as  marking  out  the  dredged 
channel  at  the  mouth  of  the  river,  there  will  remain  a  balance  which 
may  be  suflicient  to  construct  the  dam  across  Old  Itiver,  if  considered 
necessary,  or  which  may  be  applied  to  dredging  channel  across  bar  at 
tlic  mouth  of  the  Sabine  lliver,  a«  may  be  better  determined  hereafter. 

OltKJlNAL  KSTIMATKS. 

Work  ut  mouth  (Report  If^ri) $;:H,  000 

Removing  siui^'s,  &e.  (Report  H::)) Irt.OOO 

Total 56,000 

Appropriated  (l^^rri  to  1^60} 21,000 

Unappropiiated  balance 35,000 

This  balance  can  be  profitably  expended  in  continuing  improvements 
in  accordance  with  plans  heretofore  recommended;  the  work, especially 
the  cut  through  the  bar,  is  not  considered  permanent ;  estimat<J8  for 
maintaining  the  navigability  of  the  river  are  merely  based  upon  con- 
jecture, and  are  liable  to  modification  from  year  to  year. 

Full  report  of  resurvey  recently  made  in  accordance  with  act  of  Con- 
gress ai)proved  March  o,  1879,  "  Eesurvey  of  Sabine  liiver  fi^m  its 
mouth  to  East  llamilton,"  accompanies  this  report. 

Tho  work  is  located  in  tlic  collection  district  of  Galveston.     Tlie  nearest  liglit-boiisc 
is  at  Sabine  Pass. 

Money  atateineni. 

July  1,  li^Tl*,  amount  available $15,540  81 

Aiiionut  ai)proi)riated  by  act  approved  Juno  14,  1*^.^0..., 5, 000  00 

$20,  ri:.)  dl 

July  1,  lS-^0,  amount  expended  during  fiscal  year tf,  701  57 

July  1,  l-^cO,  outstanding  liabilit ie.^ .' H27  37 

1),  5t>8  94 

July  1,  Is-O,  amount  available 11,017  87 

Amount  Cestimated)  rerpiired  for  completion  of  (?xi>ting  jnojoct '^1 ,  00(i  00 

Amount  that  can  be  i>rolitably  expended  in  ibical  year  ending  June  30,  \6&Z.     21, 000  00 


BESUKVEV    OF    SABINE    RIVER,   TEXAS,   FRO^I    ITS    MOUTH    TO    EAST 

HAMILTON. 

i:i:i*(>I{T  f)F   MK.   ,1.    S.    POUIEMrS,  ASSLSTANT  EXGINEEK. 

IJoLiVAR  Point,  Tkx.,  J/a»/  20,  ISsO. 

Caitain  :  I  liave  tbo  bonor  to  submit  tbe  following  report  of  tbe  survey  and  exam- 
ination of  tlie  Sabine  Kiver,  from  East  Hamilton  to  its  mouth,  made  under  your  di- 
rection from  September  21)  to  December  8,  1870. 

■♦»  #  *  #  »  # 

THE  SURVEY. 

Owing  to  the  small  appro]»riation  (.-^IjHOO)  for  nearly  2*J!>  miles  of  river,  the  survey 
could  he  little  more  than  a  cnrcfnl  reconnaisnance. 

A  compass  lino  was  run  with  a  Gurley  transit  and  the  distances  measured  with  a 
stadia,  tiie  ac^justment  of  the  hairs  being  frcJiueutly  te;ited  on  a  base  nieasiu-ed  with 
a  tttecl  tape. 
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The  lino  was  ]>lotto«l  in  the  (i<?hl  on  tlie  ri;2:ht-lian<l  paj^e  of  the  nofe-l>ook,  an*!  the 
t(>]M)<rrni»hy  on  either  side  sketched  in.  SoundingH  were  taken  at  least  every  ThK)  feet, 
and  at  every  mile  or  two  a  crosH-section  was  sonnded. 

Tlie  survey  terminated  in  the  cut  just  dretlj;ed  across  the  har  at  the  mouth  of  the 
river,  in  Sahine  Lake. 

Tlie  length  of  line  measured  was  !2r>(3  miles,  and  the  sightH  averaged  al>ont  five  to 
thn  mile.     In  that  ]>art  of  the  river  called  "  Tlh»  Xarrows,*'  extra  care  was  taken. 

The  lield  work  chwed  Decemb(»r  (J,  and  the  ])arty  arrived  in  Galveston  December  ^, 
being  away  seventy  days,  of  which  nineteen  days  wert^  ccmsumed  in  traveling. 

The  stage  of  the  river  was  x>articnlarly  favorable  for  a  survey  made  with  a  view  to 
imi>roving  the  iiavigati<m,  being  the  lowest  kno\\ii  in  several  years ;  so  that  all  ob- 
structions, such* as  sand-bars,  rocky  and  gravelly  shoals,  snags,  fallen  trees,  sunken 
logs,  *fcc.,  were  visible  and  could  b«  noted. 

At  no  tinii*  during  the  survey  was  the  wj;ter  nif>rc.  than  1.J  feet  ahove  extreme  low. 

A  ma] >  of  the  river  from  East  Hamilton  to  Sabine  Lake  has  1»een  uiade  on  eleven 
heets,  on  a  scale  of  7r-j,',riy. 

It  was  not  connncnced  until  February  2,  1-^80,  as  immediately  after  Anisliiuj^  tho 
fi.'ld  work  of  the  .Sabine  I  received  orders  to  make  a  similar  survey  of  the  Xeehes  River. 

GKNKUAL  CIIAKACTER  OF  THE   KIVER. 

From  East  Hamilton  the  Sabine  River  flows  in  a  general  southerly  direction  for '^7 
miles,  forming  tlu*  boundary  between  the  8tat«'s  of  Louisiana  and  Texas.  Its  course, 
for  the  most  itart,  is  very  tortuous  and  li(>s through  rich  bottom  lands,  from  2  to  5 miles 
in  width,  which  are  subject  to  overtlow  in  high-water,  and  are  covered  with  a  luxuri- 
ant growth  of  hard-wood  timber,  such  as  oak,  ash,  hickory,  black  and  sweet  gum,  Ac. 

These  bottom  lan<b*  are  not  cultivated  and  are  boundt^d  on  each  side  by  the  high 
rolling  land  covered  with  i>ine  Ibivsts.  Tlu^  lowest  plnces  usually  have  a  growth  of  ey- 
jiress  or  tubular  gum. 

Tho  Sabine  River  from  East  Hamilttm  down  has  no  large  streams  as  tributaries,  and 
the  wat.er-sh(Ml  is  very  narrow ;  hence  the  ])eriods  of  high-water  depend  almost  en- 
tirely on  the  rains  of  upper  jnairie  countries  and  are  very  invgular  in  their  times  and 
duration. 

At  East  Hamilt<m  the  banks  are  about  23  feet  high  above  the  low-water,  and  the  ex- 
treme range  of  water  is  25  feet. 

The  water-way  at  this  jdace  at  low-water  is  120  feet  wide,  and  averages  only  about, 
100  feet  for  the  ncjxt  50  miles  below.     It  widens  to  150  feet  at  Re'grade. 

The  upper  135  mih's  of  river  by  this  survey,  or  to  what  is  called  the  "Raft,"  may  be 
consi<lere<l  as  a  series  of  pools  at  low-water,  held  up  by  rocky  ledges  of  sandstone, 
and  gravelly  shoals  of  ferruginous  conglomerate  or  sand  bat's. 

In  several  places  the  rocky  strata  cross  the  river,  forming  shoals  and  rapids  that 
render  navigation  impossible  at  low-water.  The  most  noted  of  these  roe!ky  shoalfl 
(K'cur  just  beh)w  Sabinetown,  and  at  Goodwin's  Fen*y,  where  a  fall  of  IJ  i'eet  was 
observtul  in  a  distan(^e  of  100  feet. 

The  riv<;r  is  very  tortuous  in  its  course,  and  at  low-water  varies  Cfmstautly  in  its 
de]>th  from  10  ft»et  an<i  over  to  only  a  few  inches. 

The  concave  banks  are  clay  au<l  usually  st(jep  and  caving.  "When  the  water  is  high, 
or  at  half  banks,  it  undermines  the  trees  growing  at  tlu^  edge,  which  fall  and  otitenlio 
across  the  entire  water-way  and  rest  on  the  op]M)site  shore. 

The  sand  bars  are  quite  numerous,  and  lie  diagonally  across  the  river 

Occasionally  the  river  in  its  coui*se  tom-hes  the  bin  lis"  or  high  land,  some  of  which  are 
not  less  than  100  lecit  high. 

A  few  farms  appear  on  the  upper  i)art  of  the  river,  antl  eott4)n  and  corn  are  culti- 
vated. 

Just  above  Stark's  Ferry,  135  miles  from  East  Hamilton,  the  "Raff  begins.  It  is 
that  portion  of  tin?  rivc;r,  some  11  miles  in  extent,  formed  alxmt  fifteen  years  ago  by 
the  opening  up  (»f  a  bayou  or  slough,  and  its  gradual  enlargenu>nt  as  tlie  original  chan- 
nel (or  Old  River)  be<'ame  choked  with  drift.  This  sectitui  of  river,  known  as  the 
•'Raft,"  is  about  150  feet  in  width;  it  i)resents  many  ditlh'ulties  to  navigation  and 
causes  nmch  annoyance  to  lumlx^'men  while  lloating  d»)wn  logs. 

The  current  is  swift  and  the  channel  crooked  ami  shallow  at  low-water,  as  sliown 
on  the  sketcb.  It  (rontaius  a  great  nuiny  hard-wood  snags  and  fallen  traes,  but  since 
the  Old  River  has  become  entirely  closed  it  is  washing  out  and  lmpn)ving. 

Belgrade,  at  the  lower  <md  of  the  "Raft,'*  is  DO  miles  from  Orange  ;  one  family  livefi 
here  and  keeps  a  small  ston?. 

From  Belgrade  the  river  considerably  improves  until  the  Narrows  are  reached.  It 
will  av(?rage  200  ft^et  in  width  and  is  less  obstructed  by  snags  than  the  river  above. 

Thnmghout  all  this  pai-t  of  the  river  very  little  good  arable  land  exists  in  the  imme- 
diate vicinity  of  its  banks. 

The  chief  industry  is  the  timber  business,  and  large  and  valuable  rafts  of  pine  and 
eyj)re8s  logs  are  floated  down  to  the  mills  at  Orange. 
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Kcliiililt;  iiifonuation  as  to  llood-level.s  and  jM-riods  was  dirticiiU  to  (d>tain,  as  tlioy 
vary  wt  niuch  every  year.  The  wintt^r-rise,  liowevcr,  usually  begins  in  Deceujber,  anii 
lasts  a))out  three  or  four  months.  The  extreino  range  between  high-water  and  low- 
'wat^^r  is  about  25  iVet  at  Kast  Hamilton  and  only  10  feet  at  the  head  of  the  NaiTows. 

Wlien  the  water  is  liigli  it  Ho(m1s  tlie  bottom  lands  an<l  flows  across  many  of  the 
bends,  i'(»rmingcut-orts,  and  all  the  roeky  and  gravelly  shoals  and  sand  bars  are  covere<l 

THE   NAK1U)W.S. 

This  )>art  of  the  river  merits  a  more  ci\refiil  description,  as  it  is  at  present  the  most 
wriously  obstructed  for  a  huig  distance  above  Orange;,  and  is  r.apidly  deteriorating, 
and  could  ])<;  grejilly  improv<'<l  by  the  expenditure  of  a  small  amount  of  money. 

The  head  of  the  Narrows  is  'M  miles  above  Orange  and  the  foot  1*2  miles  ;  they  are 
con8<'cjuently  IH  ndles  in  length.  They  were  formt'd,  bcfon'  the  olltieial  b«)undary  sur- 
vey of  MaJ.  J.  D.  Graham,  by  the  opening  of  a  chain  of  sh)ugh8  and  the  formation  of 
a  raft  in  the  Old  Kiver  a  few  miles  above  Niblett's  Klulf. 

At  present  more  wjiter  tlows  down  Ohl  Kiver  than  tht^  Narrows.     The  main  stream 
divides  at  the  head  of  tli<;  Nnrrows,  as  shown  on  the  map,  antl  by  far  tln^  larger  quan- 
tity goes  otf  to  Old  Kiver;  for  a  mile  this  water  flows  through  a  channel  wliieh 
was  not  the  original  river,  Tnit  only  a  small  bayou  twenty  yeare  ago  ;  it  is  enlarging,  . 
however,  an<l  is  now  some  20  feet  d<'i']>  and  over  100  feet  wide. 

It  is  a  great  source  of  annoyance  to  timbermen,  as  their  logs  and  rafls  float  down 
this  way,  instead  of  through  the  Narrows,  and  mingle  with  the  raft,  in  Old  Kiver  and 
are  lost. 

The  water  whitrh  flows  down  Old  Kiver  runs  under  and  penetrates  through  the  raft 
for  about  half  a  mile,  when  the  main  channel  <livides  into  several  snmll  bayous  or 
sloughs,  whicli  flow  through  a  cypress  and  tubular  gum  swamp  for  about  2  miles,  and 
T\hich  linallv  come  together  again  «and  form  a  deep,  wide  river  some  2  miles  above 
Nibletfs  Hluir. 

When  the  closing  of  Old  Kiver  took  jdace  it  is  impossible  to  say.  It  nnist  have 
hcmi  many  years  ago,  as  it  is  beyond  the  recollection  of  the  oldest  inhabitant,  and 
the  small  sloughs  into  which  the  river  is  divided  How  through  a  cyi>ress  swamp  in 
which  the  tnics  are  li  and  4  feet  in  diameter. 

Some  lU  miles  from  the  head  of  the  Narrows.  Swayue's  BayoM  (mters;  it  is  simply  a 
slough  through  which  some  of  the  water,  backed  up  in  Old  Kiver  bj'  the  raft,  flows 
hack  into  the  Narrows. 

The  flrst  5  miles  of  t)ie  Narrows  from  the  head  is  the  only  part  that  needs  improv- 
ing; here  the  water-way  averages  only  100  feet  in  width,  and  at  lowest  wat^r  has  a 
depth  of  not  more  than  2  feet  in  places.  The  bottom  is  generally  sandy  and  covered 
with  sunken  lo<j;s. 

In  **driving"timber  through  the  Narrows  .jams  oflen  occur  and  many  logs  sink, 
get  covered  with  sand,  and  form  permanent  shoals  and  sand  bars,  which  lessen  the 
watcr-wav  and  tend  to  throw  more  water  down  Old  Kiv(T. 

Tliere  are  two  bad  bends  across  which  the  water  makes  when  it  is  higli,  fonning 
troublesome  cildies  for  the  lumbermen. 

Fnnn  1|  milci*  below  Swayne's  Kayou,  or  ;">  miles  from  the  head  of  the  Narrows, 
there  is,  at  leiist,  at  all  times  ;">  fvi^t  of  water.  There  are  no  overhanging  trees  or 
snags,  and  the  river  from  this  point  to  its  mouth  needs  no  work  npon  it. 

The  tides  of  thti  Gulf  atleet  the  level  of  the  river  as  far  np  as  Morgan's  Bluft',  20 
miles  fnnn  Orange,  but  depend  chiefly  oii  the  force  and  direction  of  the  wind. 

Mr.  Leavenworth,  who  made  a  survey  of  the  Sabine  Kiver,  under  the  direction  of 
Maj.  C.  W.  Howell  in  1872,  states  that  the  w^ater-way  of  the  Narrows  is  exceedingly 
tortuous  and  crooked,  though  deep  and  comparatively  clear  of  obstructions,  and  from 
all  I  could  learn  from  ohl  luinbermen  the  river  is  in  a  much  worse  condition  now  than 
it  was  a  few  years  since. 

The  river  b«'low  the  junction  of  Ohl  Kiver  and  the  Narrows  widens  out  to  a  fine 
stream  IJOO  feet  in  width.     At  Orange  it  is  500  feet  wide. 

One  mile  below  the  Narrows  the  Louisiana  Western  Kail  way  eross<'s  on  a  new  iron 
di'aw-bridge.  The  banks  here  are  low,  and  are  generally  covered  with  cypress  and 
tubular  gum  trees  dra])e<l  with  grey  moss. 

IJ4»low  Orange  the  river  widens  out  to  over  1,000  feej:. 

The  "cut-otf;'*  2  miles  below  the  town,  ha«  <lee])ened  until  now  there  is  not  less  than 
12  feet  of  water  in  it.  From  here  down  trees  gra<lually  cease,  and  their  place  is  taken 
by  coarse  grass  an«l  sea-cane. 

Shortly  before  S.ibine  Lake  is  reache<l  the  river  divides  into  two  ]>as8(^s,  the  east 
and  miildle  passes ;  and  the  middle  ]»ass  has  a  small  but  deep  fork,  called  west  X)ass, 
and  it  was  along  this  the  survey  line  ran,  as  at  its  mouth  the  new  cut  into  the  lake 
WiW  being  dredged.     It  exten<h*  to  5  fc^et  of  water. 

Sabine  Lake  is  shoal,  with  a  soft,  muddy  bottom.  The  banks  here  are  subject  to 
constant  overflow,  and  the  only  habitable  spots  are  the  shell  mounds,  which  are  some- 
times -100  yards  long  and  40  feet  high. 
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GKXERAL  DESCRIPTION'  ol'  TIIK  TOWNS  ANT)  COUXTKY. 

East  Hauiiltnii,  the  initial  point  of  tliifl  survey,  is  Kifimtediu  Shelbj*  County,  Texas. 
It  containH  two  HtoreH  and  about  thirty  inhabitants.  It  would,  however,  be  quite  a 
fthiitping  point  for  cotton  ]>rovid(>d  navijii^ation  coiiUl  ho.  relied  on  all  the  year,  as  the 
n<'i^hboriu<;  country  is  ^ood  larniiu(<:  land  and  considerabh^  cotton  raised,  most  of 
which  is  hauled  to  Shrcv»4»ort,  La.  Mr.  James  Payne  statea  that  last  year  1,'irUO  balen 
of  cotton  were  ship])cd  by  river  from  this  i)hice  to  Orange. 

PeiuUcton,  in  Sabino  County,  has  only  one  store  fiiul  a  cotton  warehouse.  Two 
families  live  here,  and  1,0UU  bales  of  cotton  were  shipped  last  year. 

Sabiuetown  is  a  snuill  settlement  of  a  half  do/en  families  and  one  store. 

There  are  no  more  towns  on  this  nver  until  we  reach  Orange.  Some  little  cotton  is 
shipped  from  a  few  lantlings.  About  every  ir>  miles  a  single  family  can  be  found  liv- 
ing on  the  river  and  tending  a  ferry.  The  reason  of  such  a  scarcity  of  population  on 
the  river  is])ar(ly  due  to  the  fact  that  the  bottoms  are  subject  to  overflows  and  cannot 
1)6  cultivated,  and  ]»artly  to  thtj  ]>revalence  of  malarial  fevers  near  the  river  in  the 
summer  months.  Ten  or  1*2  miles  back  the  country  is  better  settled  and  some  cotton 
grown.  Valuable  fonvsts  of  pine  grow  on  either  side  of  the  bottoms,  and  c>iire8S 
brakes  are  frecjuent  near  the  river.  1'his  year  4r),()00  logs  were  cut  in  the  vicinity  of 
the  river,  an<l  at  tht^  tinu»  of  the  survey  were  waiting  for  the  firat  rise  to  be  floated 
down  to  the  mills  at  Orange. 

Orange  has  grown  very  rapidly  in  the  last  few  years.  Th«  Texas  and  New  Orleans 
Railway  has  only  been  running  there  within  a  year,  and  the  Louisiana  Western 
Railway'  will  be  completed  this  spring,  connecting  it  with  New  Orleans.  The  lumber 
business  is  thc^  ]>rincii)al  industry  of  the  place,  and  there  are  sevcraMarge  saw  anil 
shingle  mills  in  operation.  Then^  were  three  steamboats  rc^ady  to  run  on  the  Sabine 
tliis  year,  the  Wren,  the  Era,  aiul  the  Lark. 

IMPUOVEMKNTS. 

The  Sabine  River  may  be  relied  on  for  about  three  months  in  each  year  for  naviga- 
tion, with  boats  drawing  3  f<*et,  from  Orange  to  East  Hamilton. 

If  the  river  could  \h^  improved  so  as  to  have  navigation  thnuighout  the  v**ar,  mo8t| 
if  not  all,  of  the  cotton  grown  in  the  counties  and  parishes  adjoining  the  river  would 
lind  its  way  to  market  by  boat.  The  volume  of  the  river  is  so  small,  however,  during 
the  sunnner  and  autunm,  that  only  an  expensive?  system  of  dams  and  locks  would  be 
eHective,  which  the  sparsely  settled  state  of  the  country  and  the  navigable  value  of 
the  stream  would  not  seem  to  justify.  As  it  is,  when  the  water  is  up  steamboats  make 
thetrii>  to  E:ist  Hamilton  ami  back,  from  Orange,  in  about  twelve  days,  and  no  im- 
provement is  necessary  except  at  low-water  to  cut  out  all  snags  and  overhangnig  or 
fallen  trees. 

In  1856  the  legislature  of  Texas  approi)riate<l  §51, 4;').^  for  the  improvement  of  the 
SabiiK^,  and  in  lc74  a  cinisiderable  amount  of  State  land,  for  the  same  purpose;  tho 
snags  were  cut  out,  and  some  ot  the  timber  along  the  banks  deadened,  but  no  useful 
results  of  this  expenditure  remain. 

Dismissing,  then,  any  jdanto  secure  low-water  navigation  between  Orange  and  East 
Hamilton,  and  turning  our  attentitui  to  the  Narrows  it  is  stien  that  if  they  could 
hi)  improved  boats  of  light  draught  could  go  as  far  as  l^elgrade  most  all  the  year.  This 
is  1K>  mih?s  from  Orange  by  water,  and  it  is  below  this  point  that  the  greater  part  of 
all  the  loirs  are  ]mt  into  the  river. 

It  wouhl  be  desirable  to  cut  out  some  fallen  trees  and  snags  between  the  Iiea<l  of  the 
Narrows  and  Belgrade. 

Tht^  lumber  business  is  by  far  the  most  important  interest  on  the  river. 

Last  summer  the  sni:ill  sfeamboat  Lark,  drawing  a  little  less  than  2  leer,  was  twenty- 
twi>  days  getting  through  the  Narrows. 

IMPKOVEMENT   OE   THE    NAIHIOWS. 

With  the  nuMiey  and  time  allowed  I  could  not  make  a  thorough  examination  an<l 
survey  of  Old  Kiver,  with  a  view  of  removing  the  raft  and  <ipening  it  up  and  allow- 
ing the  NaiTOws  to  close,  but  from  the  careful  reconnaissance  made  it  wouhl  undoubt- 
edly be  more  economical  to  use  the  present  channel  of  the  Narrows. 

To  do  this,  two  thingsmust  be  done.  1st.  Some  obstruction  should  be  thrown  acrowi 
Old  River  to  divert,  the  water  from  it  into  the  channel  of  the  Narrows.  *M,  The 
sunken  logs  and  snags  should  be  renu)ved  from  the  tirst  r>  miles  of  the  Narrows. 

It  would  also  be  advisable  to  assist  nature  and  make  three  cut-offs,  now  nearly 
ionned,  one  especially,  which,  of  itself,  would  tend  to  throw  more  water  down  the 
Narrows.  It  is  only  'MO  feet  aenms  now,  and  tlu»  bank  would  not  average  over  8  feet 
above  low-wat4*r.  The  trees  have  ali-eady  been  cut  ott'  and  the  water  runs  over  in  a 
high  stag(^  It  is  marked  A  B  on  the  chart.  Tin;  other  two  proposed  cut-oflfs  markeil 
C  1)  and  E  F  on  the  chart  are  not  over  100  ftret  across  antl  would  straighten  and 
shorten  the  river  very  much,  and  save  tlu^  necessity  of  working  on  quite  a  stretch 
and  the  raising  of  nnmy  logs. 
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It  is  inipoHHiblo  to  .stato  how  inniiy  saw-lo^jH  arc  sunk  in  tlie  XaiTows  ns  they  are  for 
th<*  iJiOHt  part  under  wator  and  covered  with  8an<l.  Those  that  were  exijosed  a*;  the 
time  of  the  survey  are  indicated  on  the  cliart.  It  is  also  dillicult  to  form  an  estimate 
of  the  cost  of  hauling  them  out  on  the  hanks.  It  is  safe  to  say,  liowever,  that  the  re- 
moval of  500  sunken  logs  aiul  100  snags  fmni  the  sand  would  greatly  improve  the 
navigation. 

To  improve  the  Nari'ows,  then,  we  wouhl  recommend  to  make  the  cut-off  marked 
A  B  from  the  nuiin  river  into  the  Narrows  320  fe<}t  h)ng,  40  feet  wide,  antl ;')  feet  deep 
at  low- water.  To  throw  some  ohstruetitm  across  the  Old  Kiver  at  G  JI  on  chart, 
Trliich  need  not  be  water-tight,  a  double  row  of  piles  with  brush  and  trees  between 
would  do.  To  haul  out  witli  some  kind  of  snag-boat  the  nmst  troublesome  sunken 
saw-logs  and  smigK ;  and  lastly  to  make  the  other  two  cut-offs  iiuUcated  on  the  ehnrt. 
It  might  be  necessary  to  bh)ck  up  Swayne's  Bayou,  which  could  e:isily  be  done,  as  it  is 
narrow. 

If  these  alterations  were  made  it  is  thought  that  the  volume  of  water  flowing  in 
the  Narrows  wcmld  be  more  than  doubled,  its  velocity  would  1h.*  increase*!,  and  it 
would  dee]»cn  the  chanrnd. 

APrilOXIMATK   KSTI.MATK. 

Making  cut-ofl"  at  A  B : 

Tlie  removal  of  5,000  cubic  yards  of  clay,  at  .50  cents ^i'J,  500 

For  making  pile  and  brush  obstniction  150  feet  long,  at  G    II,  across  Old 

River 2,000 

For  making  two  other  cut-offs,  each  about  100  feet  long,  at  about  $^500  apiece.  1. 000 
For  hauling  out  and  removing  sunken  logs  and  snags  from  the  bed  of  the  Nar- 
rows   5,000 

For  HUi>erintendence  and  inspect  ion,  about 2, 000 

For  cutting  out  snags  from  the  Narrows  to  Belgrade 5, 000 

Total 17,500 

WTjatever  work  is  contemplated  will  have  to  be  done  late  in  the  summer  or  autumn 
when  the  wat4.*r  is  at  its  lowest,  some  time  in  August,  September,  or  October.  Tho 
conutry  then  Is  very  sickly  from  chills  and  fever  and  malarial  fevers,  but  the  logs  can- 
not be  gotten  at  nor  any  of  the  work  prosecuted  to  advantage  when  tho  water  is  not 
low.  The  banks  are  low  except  at  Morgan's  Blufl*,  and  the  extreme  high-water  about 
10  feet  above  the  low. 

The  chart  of  the  Narrows  was  made  by  idotting  the  stations  with  a  large  pro- 
tractor and  is  drawn  on  a  scale  of  xu'ott* 

Very  resi>ect fully,  your  obedient  servant, 

.J.    S.    PoLIIEMT'S, 

.Isit'niUuft  Entj'tut'cr. 
Capt.  C.  E.  L.  B.  Davis. 

Corps  of  Kntjlneerxj  ('.  *S.  J. 


survey  of  the  naur.ows  of  sabine  river,  above  orange,  texas. 

United  States  Engineer  Office, 

Galreston,  Tcx.^  March  20,  1880. 

General  :  I  have  the  honor  to  submit  herewith  a  report  on  the  survey 
of  the  Narrows  of  the  Sabine  lliver,  above  Oraniife,  Texas,  being  a  por- 
tion of  the  river  which  ha«  been  surveyed  under  the  provision  of  section 
2.  of  the  act  of  Congress  approved  March  3,  1879,  *'  making  appropria- 
tion for  the  construction,  repair,  preservation,  and  completion  of  certain 
works  of  rivers  and  harbors,  and  for  other  puri)08es." 

The  first  section  of  the  act  makes  an  appropriation  of  $0,000  for 
improving  Narrows  of  Sabine  Kiver  above  Orange,  Texas,  and  to  deepen 
tlie  channel  at  the  mouth  of  the  Sabine  Kiver. 

Migor  Howell's  suggestion  to  defer  the  preparation  of  a  project  for 
the  expenditure  of  this  api)ropriation  until  the  completion  of  the  re- 
survey  of  Sabine  l^iver  was  approved  by  the  Chief  of  Engineers  May 
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31,  1879.  This  duty  is  dow  imposed  upon  me.  So  much  of  the  sun-ey 
as  is  embraecd  in  tlie  provision  of  the  appropriation  act  has  been  coui- 
l)leted,  and  I  am  now  enabled  to  submit  a  report  with  recommendation 
and  estimates. 

^^fajor  Howell  says  that  after  survey  it  can  be  decided  whether  it  may 
be  best  to  expend  tlie  money  at  the  Narrows  or  on  the  bar  at  the  mouth 
of  the  river. 

Under  an  appropriation  of  $10,000,  made  in  act  of  1878,  the  bar  at 
the  mouth  of  the  river  is  now  bein^  dredged  to  give  a  channel  of  5  to  G 
feet  of  water,  so  we  may  dismiss  for  the  present  the  consideration  of 
any  further  expenditure  at  this  point  and  devote  the  whole  of  the  $6,000 
to  improving  the  Narrows  above  Orange. 

The  survey  was  made  by  Assistant  Polhemus,  and  his  rei)ort  is  very 
full,  showing  distinctly  the  character  and  location  of  the  obstructions 
to  navigation  and  indicating  what  is  necessary  in  the  way  of  improve- 
ment. 

To  improve  the  Narrows,  then,  it  will  be  advisable,  first,  to  throw 
some  obstruction  across  Old  Eiver  to  direct  the  water  into  the  channel 
of  the  Narrows ;  second,  to  remove  sunken  logs  and  snags  from  the  first 
5  miles  of  the  Narrows. 

It  would  also  be  advisable  to  assist  nature  and  make  three  cut-ofi's, 
now  nearly  formed,  esi)ecially  one  near  the  head  of  the  Narrows  where 
the  trees  have  already  been  cut  off  and  the  water  runs  over  in  a  high 
stage. 

It  is  impossible  to  say  how  many  saw-logS  and  snags  will  have  to  be 
removed,  {is  they  are  mostly  under  water  and  covered  with  sand.  Ex- 
l)osed  ones  are  indicated  in  the  chart.  It  is  safe  to  say,  however,  that 
the  removal  of  GOO  logs  and  snags  would  greatly  improve  the  naviga- 
tion. It  might  be  necessary  to  dam  Swayne's  Bayou,  which  could  eadly 
be  done. 

It  is  thought  that  if  these  changes  were  made,  the  volume  of  water 
flowing  through  the  Nanows  would  be  more  than  doubled,  the  velocity 
would  be  increased  and  the  channel  deepened. 

A  r  1 ' r.o xni ate  esti  mate . 

Making  cut-oil"  at  A  H  on  a(?i^oini)aiiyii!j![  Hkctch,  involving  the  removal  ofO^OOO 

vards  of  clav  at  ."iO  cents (2|500 

OlWnictinK  Old  Kivor  at  G  11 2,000 

Makinjx  two  other  cut-otrs 1,00<) 

Ivcniovin;;  lojjs  and  sna«;»  from  the  hcd  of  the  Narrows 5,00«) 

Siiperintenilenee  and  inspedion 1,0U0 

This  work  will  have  to  be  executed  late  in  the  summer  when  the  water 
is  at  its  lowest  stage. 

For  the  expenditure  of  the  $r»,000  available,  I  have  to  recommend — 

1st.  Cut-off  at  head  of  Nari'ows,  $2,500. 

2d.  Dam  in  Old  Kiver,  $2,000. 

M.  Eemoval  of  logs  and  snags  from  bed  of  river  to  the  extent  the 
funds  will  permit. 

I  recommend  that  the  work  be  done  by  contract. 
A'ery  respectfully,  your  obedient  servant, 

S.  M.  MA^SF1ELD, 

Major  of  Engineers^ 
Brevet  JAeutenant-Voloiielj  U.  A'.  A. 

The  Chief  of  E^'Gl^:EERS,  U.  S.  A. 
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N  2. 

IMPROVEMENT  OF  NECHES  RIVER,  TEXAS. 

Export,  with  estimates  and  plans  (survey  of  1872-'73),  was  submitted 
December  30,  1873. 

First  appropriation  of  $8,000  was  made  in  1878,  "  to  excavate  a  chan- 
nel 5  feet  deep  at  mean  low  tide,  and  40  wide,  or  so  much  thereof  as  the 
amount  will  i>ermit,  through  the  bar  at  the  mouth  of  the  river." 

Second  appropriation,  $5,000,  given  in  1879,  for  application  "to  fur- 
ther improving  the  channel  through  the  bar  at  the  mouth  of  the  river.'^ 

Under  the  first  appropriation  contract  was  entered  into  June  10, 1879, 
for  excavating  and  removing  material,  at  22^  cents  per  cubic  yard ;  under 
the  second  appropriation  (contract  of  November  14, 1879)  the  prie«  of 
dredging,  &c.,  was  put  at  32J  cents  per  cubic  yard ;  Mr.  Seth  N.  Kimball, 
of  Mobile,  Ala.,  being  the  contractor  under  both  appropriations. 

PROGRESS  MADE  DURING  YEAR  ENDING  JUNE  30/  1880. 

The  contractor's  dredge-boat  was  transferred  from  the  bar  at  the  mouth 
of  the  Sabine  River  to  the  bar  at  the  mouth  of  the  Neches  River  on  the 
3l8t  January,  1880,  and  commenced  work  on  the  Neches  Bar  (under  pro- 
vision of  first  contract,  June  10, 1879)  the  2d  of  February,  beginning  at  the 
outer  or  lake  end  of  the  bar,  the  material  excavated  being  dumped  ou 
the  west  bank. 

To  procure  the  5-foot  dredged  channel  across  the  bar  from  the  5-foot 
depth  of  water  in  the  river  to  the  same  depth  in  Sabine  Lake,  the  first 
cut  was  made  a  total  length  of  10,300  feet ;  necessitating  the  romoval 
of  29,014.1  cubic  yards  of  material,  and  absorbing  the  fundi  of  the  appro- 
priation available  for  this  contract,  which  was  completed  April  30, 1880. 

Work  under  the  second  contract  (November  14,  1879)  began  May  1, 
1880;  the  commencement  being  made  on  the  second  cut  (widening  first 
cut),  and  continued  toward  the  upper  and  until  the  cut  wjis  completed 
on  the  29th,  on  which  date  the  dredge  was  removed  to  a  more  outward 
point,  and  work  proceeded  toward  the  end  of  the  second  cut  at  the 
angle  in  the  channel.  All  material  excavated  under  this  contract  was 
towed  away  in  scows  and  dumped  on  suitable  dumping  grounds.  Con- 
tract was  completed  June  18,  1880. 

With  the  appropriations  of  1878-79  ($13,000),  there  has  been  couipleteil 
a  channel  across  the  bar  of  the  required  depth,  viz,  5  feet  (and  more)  at 
mean  low  tide,  averaging  60  fee^  in  width  (excepting  a  gap  of  about  1,200 
feet,  on  the  shoalest  portion  of  the  bar,  over  which  there  is  a  channel  of 
about  30  feet,  or  one  cut,  wide)  for  the  entire  length  of  the  chj(nnel  from 
the  5-foot  depth  of  water  in  Sabine  Lake  to  the  5-foot  depth  iu  river 
above. 

The  work  under  both  contracts  was  satisfaetorily  done. 

PROPOSED   OPERATIONS  OF  TIIE  YEAR  1880-'81. 

To  expend  the  amount  appropriated  by  act  of  Congress,  approved 
Jane  14, 1880,  viz,  $5,0(H),  in  continuing  improvement  of  channel  across 
the  bar  at  the  mouth  of  the  river,  by  dre<lging,  deepening,  and  widening 
the  cut  recently  made  under  contract  with  Mr.  Seth  N.  Kimball ;  esti- 
mated amount  of  material  to  be  excavated  and  removed  (30  cents  per 
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yard)  13,500  cubic  yards ;  and  to  be  done  by  contract,  after  inviting  pro- 
posals. 

Original  estimate  (1874) 926.318  05 

Amount  appropriated  (1878-'h0) 18,000  00 

Unappropriated  balance 8,318  05 

Which  amount  can  be  profitably  expended  in  the  fidcal  year  end- 
ing June  30, 1882,  in  continuing  dredging  to  improve  tibie  channel  lor 
navigation  across  the  bar  at  the  mouth  of  the  river. 

The  work  \h  located  in  the  collection  district  of  Galveston.  The  nearest  light-house 
is  at  Sabine  Pass. 

A  resurvey  of  the  Neches  River,  Texas,  from  its  month  to  Bevilj)ort, 
was  made  during  period  between  dates  December  19, 1879,  and  January 
31, 1880,  the  results  of  which  are  incorporated  in  a  special  report  here- 
with submitted. 

Money  statement 

•July  1,  1H79,  amount  available $12,662  08 

Amount  appntpriated  by  act  approved  June  14,  1880 5|000  00 

$17,  cm  m 

J  uly  1,  IKHO,  amount  expended  during  fiscal  year 11, 246  23 

July  1,  l^^O,  outstanding  liabilities 1,308  55 

12,5:;4  7S 

July  1.  I'sHO,  amount  available 5,107  30 

Amount  (estimated)  required  for  completion  of  existing  project 8, 318  05 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1882.      H.  olP  05 


RESURVEY   OF    NECIIBS    RIVER,   TEXAS,  FROM    THE    MOUTH    OF  THE 

NECHES  TO  BEVIXPORT. 

KicroRT  oy  MR.  J.  s.  roiJiEMrp,  assistant  enoinkkr. 

BouvAR  Point,  Tkx.,  Julg  1,  l«5«J. 

Colonel:  1  have  the  honor  to  Hubmit  the  following  report  on  the  survey  of  the 
NcchcH  River,  Texas,  from  Hevilport  to  its  mouth,  made  in  Janaary,  1880. 

On  my  return  from  the  survey  of  the  Sabine  River,  I  receive  orders  from  Captain 
Davis  to  iriake  a  similar  survey  of  the  Neches  River,  and  in  pursaaQce  of  his  instmc- 
tions  left  ({alvestou  December  19, 1H79,  with  a  party  of  three  men  and  survey  equip- 
ment, and  proce(Hl(d  by  rail  to  Beaumont,  Tex.,  at  which  place  I  hired  an  ox-team, 
and  traii(«])i)rted  my  party,  together  with  the  tliree  skiffs  I  nised  on  the  Sabine  River, 
to  Bevilport,  on  the  Angelina  River,  7  miles  from  it«  junction  with  the  Neches,  where 
I  arrived  December  25, 1880.  December  27,  a  cross-section  of  the  river  and  hauler  was 
made  at  Bevilport,  and  the  survey  commenced. 

SURVEY. 

The  survey  was  in  all  respects  like  that  made  of  the  Sabine  River.  The  a]>pn)pria- 
tion  being  only  $H00,  nothing  but  a  careful  reconnaissance  was  atteuipte^l. 

A  com]>iiss  line  was  run  along  the  river*s  banks,  and  all  distances  were  meaanied 
with  a  stadia.  All  obstructions  to  navigation,  such  as  shoals,  snags,  snnken  logs.  Stc., 
were  sketched  in  their  proper  j>la«5e,  and  soundin/^  were  taken  about  every  500  feet. 

Length  of  line  measured  from  Bevilport  to  Sabine  Lake  was  157  miles.  * 

Thirty-five  cross-sections  were  taken,  and  whenever  the  height  of  flood-lovel  could 
be  ascertained  it  was  measured  and  noted. 

The  survey  of  the  river  between  Bevilport  and  Yellow  Bluff,  63  miles,  was  made  at 
a  very  low  stage  of  the  river,  and  all  snags  and  obstructions  to  navigation,  as  well 
as  the  general  character  of  the  river  at  its  lowest  water,  was  observed. 

While  we  were  at  Yellow  Blufif  a  rise  of  9  feet  2  inches  took  place  in  a  single  aigbt, 
and  from  that  place  to  Weiss  Bluil'  the  water  was  from  9  to  6  feet  above  extreme  i0W| 
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and  tlie  olwtnictions  wi^re  all  covered  and  could  not  be  Heen.  Tbe  very  bad  portiors 
of  the  ri\-er,  however,  ore  all  above  Yellow  Bliifif. 

Most  of  the  iiifonnatiou  aato  the  character  of  the  river  at  low-wat<;r  betwe^m  Yellow. 
Bluff  and  Wei88  Blulf  wan  obtained  by  inquiries  from  old  settlers,  and  from  nirn  en- 
gaged in  floating  logs  to  Beaumont. 

The  survey  was  completed  to  tbe  moutli  of  the  river  January  2<>,  and  tbe  pjir\v  re- 
turned to  Galveston  and  was  disbanded  January  :W,  lK>rO. 

Tlie  work  bas  been  plotte^l  on  a  scale  of  70^^150  on  three  sheets. 

Tbe  plotting  comiueniM^d  May  ^4,  and  the  maps  were  completed  July  10,  Iw^). 

CKXKUAL  DKSCIUPTION   OF  RIV£K. 

From  its  junction  with  tbe  Angelina  River  the  Neches  flows  in  a  soutberly  dinM'tiou 
to  Beaumont,  I'M  miles,  from  which  ])lace  it  flows  southeast  for  27  miles,  to  where  it 
emiities  int-o  Sabine  Lake,  only  4  miles  from  the  mouth  of  the  8abine.  Tbe  river 
flows  through  bottom-lauds  from  2  to  5  miles  in  width,  beyond  which  are  rolling 
pine-lands.  The  bott-rim-lands  are  very  fertile,  the  greater  portion  of  them  subject  to 
overflow  oacL  year,  and  very  unhealthy.  Tbey  are  not  cultivated  to  any  extcMit,  and 
are  covered  with  a  heavy  growth  of  oak,  gum,nickory,  &c. 

The  general  hfigbt  of  the  bottom-lands  at  Bevilport  above  the  low-water  of  the 
river  is  about  20  or  30  feet,  and  tbey  de<Tease  proportionally  as  we  near  the  coast. 

The  course  of  the  river  is  extremely  tortuous  in  its  valley,  and,  as  it  curves  along, . 
the  banks  on  the  convex  side  are  abrupt  and  caving,  and  slope  down  again  as  we  go 
back  from  the  river.     Tbe  concave  sides  of  the  bends  are  low,  and  slope  gently.     As 
the  caving  banks  wear  away  at  each  rise  in  the  river,  trees  are  undermined  and  fall 
into  the  stream,  filling  it  witb  snags  and  obstructions. 

When  tbe  river  is  low  in  suimner  and  early  autuuui  the  volume  of  flow  is  very  small. 

The  annual  ris«>  usually  begins  in  December  and  lasts  until  April.  Tbe  river  rises 
lii  or  20  feet,  and.  if  it  were  not  for  the  fallen  trees  and  snags,  navigation  wuuld  be 
Tery  good  as  far  as  Bevilport. 

The  range  betwetni  high  and  low  water  is: 

Poet. 

AtBeviliKUt 20 

At  Town  Blutt 2H 

At  Weight's  Landing 22 

AtYeUowBluft' 21 

At  Beaumont 11 

In  giving  a  more  particular  description  of  the  river  it  seems  natural  to  divide  it 
into  thn'e  sections. 

FROM    BEVILPORT  TO  YELLOW   BLU>T. 

This  includes  7  miles  of  the  Angelina  River,  which  at  low-water  is  about  125  feet 
wide  and  varies  in  depth  from  b  inches  to  10  feet.  The  bed  of  the  river  contains  many 
mags  and  sand-bars.  At  the  junction  the  Neches  and  Angelina  unite,  and  the  volume 
of  "water  is  nearly  double<l.  Between  the  junction  and  Yellow  Blufl'  the  Neches  haK 
no  IttTge  streaTus  as  tributaries,  an<l  the  water-way  will  average  IGO  feet  in  width,  and 
▼ftriee  in  depth  from  1  foot  to  15  feet. 

At  low  river  very  littl<>  water  is  running  in  the  channel,  and  there  are  numerous 
ahof^  of  sand  and  gravel.  Tln^re  are  a  great  many  snags  and  fallen  trees  in  the  bed 
of  tiie  river,  and  navigation  is  iiractically  impossible  without  a  rise  of  several  feet 
No  rocky  shoals  were  f(»uiid  on  tbe  river.  The  most  troublesome  portion  is  near  Pebble 
Island,  4  miles  a  Wove  YeHow  Blutf. 

FROM   YELLOW  BLUFF  TO   WEISS  BLUFF. 

The  river  is  about  ir»0  feet  in  widtb,  and,  if  the  information  obtained  from  all  the 
lambermen  is  correx't,  has  a  de])th  at  low- water  of  not  less  tban  2^  feet  at  any  ]dace. 

William  Long  Sl  Co.  (lumbenneu  and  mill-owners)  have  had  their  men  cut  out  all 
the  snags  down  to  tbe  level  of  low-water,  and  the  river  is  in  a  very  good  condition 
when  the  watt-r  is  n(Jt  extremely  low. 

FROM  WKLSS  BLUFF  TO  SABINE  LAKE. 

The  river  ^-au  be  navigated  at  all  times  of  the  year  by  light-draught  steamboats. 

Between  Weiss  Blufl'  and  Beaumont  the  river  is  deep,  and  a  steamboat  runs  regu- 
larly. Entering  this  poniou,  it  has  two  large-siced  creeks  as  tributaries.  Village 
Croek  and  Pine  Island  Bayou.    From  Beaumont  to  the  lake  tbe  Neches  is  wide  and 
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deop  and  the  banks  low  and  swampy.  It  is  abont  1,000  foet  wide  near  its  mouth.  It 
eiiiptios  into  Sa1>ine  Lake  over  a  mud-bar,  on  which  at  the  time  of  the  survey  there 
was  not  more  than  \i  feet  of  water,  but  which  has  since  had  a  channel  dredged  through 
it  6  feet  in  depth,  and  any  of  the  small  vessels  which  can  cross  Sabine  Lake  can  get 
i]it^>  the  river. 

PltlXCIPAL  TOWNS  AND  LANDINGS. 

JWilport,  the  initial  point  of  the  survey,  is  a  very  small  town  containing  two  smal] 
variety  stores  and  a  cotton  warehouse,  and  mi^ht  number  twenty  inhabitants.  It  in 
quite  a  shipping-pttrt.  for  eotton,  which  is  the  staple  product  of  the  neighboring 
eonntry. 

The  next  place  i^  Town  Bluffy  a  small  town,  situated  on  a  high  bluff  on  the  right 
bank  of  the  river  half  a  mile  back.     It  has  three  stores  and  ships  700  bales  of  cotton. 

Farther  down  the  river  are  two  landings  from  which  cotton  is  shipped. 

About  3,000  bales  of  cotton  an^  shipx>e<l  from  all  the  landing  alone  the  Neches, 
most  of  which  this  year  found  its  way  to  market  by  wagon,  owing  to  the  protracted 
low-water.  Valuable  forests  of  pine  grow  near  the  river  and  frirnish  the  mills  at 
Beaumont. 

B«^low  Yellow  Blufl',  in  the  immediate  vicinity  of  the  river,  the  land  is  bnt  little 
cultivated.    The  banks  are  low  and  subject  to  overflow. 

Beaumont  is  the  largest  town  on  the  river,  and  numbers  about  !^.000  inhabitants. 
It  contains  seven  saw  and  two  shingle  mills.  The  Texas  and  Now  Orleans  Railroad 
erosses  the  river  at  this  point.  The  lumber  business  is  the  chief  industry  of  the  place, 
and  the  town  is  growing  and  ini])roviujj  rapidly. 

Below  Orange  there  are  no  towns.  There  were  two  saw-mills  befoi-c  the  Texas  and 
New  Orleans  Railroad  was  built. 

There  were  three  steamboats  running  on  the  Neches  last  year,  one  of  the  boats  only 
to  Weiss  Bluff.  Long  &  Co.  have  built  a  tramway  3  miles  back  into  tJfcie  country 
from  Yellow  Bluff,  and  float  down  to  the  mills  at  Beaumont  a  great  many  logs.  As 
near  as  could  be  ascertained,  35, (MK)  logs  were  floated  down  this  year.  Mr.  Goodhew 
cur  and  floated  to  Beaumont  45,000  ]>iuo  railroad-ties ;  besides  these  there  were  abont 
ISjOCK)  cut  by  other  parties. 

IMPROVEMKNTS. 

During  the  sununer,  while  rlie  river  is  at  low  stage,  there  is  so  little  water  running 
aud  so  many  shoals  and  sand-bai>i  over  which  there  is  less  than  1  foot  in  depth,  that 
it  would  seem  impossible  to  secure  navigation  tliroughout  the  year  except  by  meAns 
of  an  expensive  system  of  dauis  and  locks,  which  the  present  state  of  the  a^jMent 
country  does  not  warrant. 

At  present  navigation  for  boats  drawing  3  feet  of  wat^r  can  be  relied  on  for  abont 
3  months  in  each  year  as  far  up  as  Bevilport,  commencing  usually  in  December;  bnt 
this  navigation  is  rendered  dangerous  on  account  of  the  many  snags  and  fallen  trees 
which  should  be  either  (*ut  dowii  to  the  level  of  low-water  or  dragged  out  of  the  bed 
of  the  stream. 

The  river  below  Beaumont  and  above  to  Weiss  Bluff  nee<ls  no  improvement. 

Above  Weiss  Blufl'  to  Yellow  Bluff  it  is  quite  clear  of  snags;  this  leaves  03  miles 
from  Yellow  Bluff  to  Bevilport  on  which  work  should  be  done. 

The  princix>al  snags  and  fallen  trees  ait)  sketched  on  the  ma]).  There  would  1>e 
about  100  to  the  mile  and  about  20  overhanging  trees  to  be  cut  away. 

It  is  thought  that  the  ex]>enditure  of  aboiit  $250  per  mile  would  remove  all  the  im- 
portant snags  aiul  large  overhanging  trees,  or  for  the  river  l>etween  BoviliKirt  and 
Yellow  Bluff,  $15,000. 

Very  respectfully,  your  ol>edieiit  servant, 

.1.   S.   POLHRMUS, 

Bvt.  Lieut.  Col.  S.  M.  Manskikld, 

Major  of  KntjineerSj  C  iS,  A, 


N  3. 

IMPROVEMENT  OF  ENTRANC^E  TO  GALVE.STON  HARBOR,  TEXAS. 

Captain  Davis,  Corps  of  Engiiieer8,  asslHtant  to  my  predeceiison 
Major  IIowcll,  Las  been  in  immediate  charge  of  this  work,  and  he  sab- 
mit8  herewith  a  rei>ort  of  operations  for  the  year  pa^t  till  time  of  my 
iwsumiug:  charge  in  Febniarv  last,  when  I  relieved  Major  Howell  of  the 
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charge  of  certain  works  in  Texas,  by  virtue  of  Special  Orders  No.  6, 
Adjutant-General's  Oflice,  dated  January  9, 1880. 

Taking  charge  at  a  season  of  the  year  when  active  operations  were 
imi>osHible,  1  have  devoted  myself  to  a  careful  study  of  the  history  and 
progress  of  the  work  to  the  present  time  while  developing  a  project  for 
future  operations. 

A  history  of  the  work  with  the  suggestions  and  recommendations  of 
the  engineers  in  charge  and  of  the  several  Boards  of  Engineers  that 
liave  had  the  matter  under  advisement  are  summarized  in  the  reports 
of  the  last  board,  dated  August  0,  1879,  and  June  7,  ISSO,  published 
herewith. 

The  theory  ui>on  which  the  Board  relies  is  that  of  contraction  of  the 
outlet  to  force  the  outflow  into  a  narrow  channel  directed  upon  tlie  bar 
to  effect  its  removal  and  lessen,  if  not  entirely  prevent  for  a  long  time 
to  come,  its  reformation. 

Through  all  the  literature  of  the  subject,  which  is  well-nigh  exhauste<l, 
this  principle  upon  which  we  depend  for  securing  deep  water  over  the 
bar  remains  unquestioned,  and  its  application  offers  every  guarantee  of 
success. 

The  suggestions  and  recommendations  of  the  Board  as  to  details  of 
construction  are  tentative  only,  the  selection  of  a  suitable  construction 
being  wisely  left  to  the  judgment  of  the  officer  in  charge. 

The  magnitude  of  this  work,  and  the  absence  of  suitable  materials 
with  which  to  construct  it,  has  heretofore  been  the  great  obstacle  to  its 
advancement,  and  its  estimated  cost  has  been  i)laced  at  high  figures. 

The  experiment  of  a  gabionnade  was  made  as  offering  a  cheap  and 
snccessful  solution  of  the  problem.  So  far  as  it  was  applied  on  the 
Port  Point  side  of  the  channel  to  the  improvement  of  the  inner  bar  it 
was  successful,  and  we  now  have  20  feet  of  water  over  the  inner  bar; 
but  its  further  application  to  the  Bolivar  jetty,  with  the  object  of  effect- 
ing the  depth  over  the  outer  bar,  proved  unsuccessful,  and  the  system 
has  been  discarded. 

It  is  now  intended  to  build  the  jetties  of  brush  and  stone  on  a  system 
that  undoubtedly  will  succeed,  for  it  has  been  applied  to  open-sert  ex- 
]M)8nre  at  the  mouth  of  the  Maas,  where  it  has  realized  all  anticipations 
and  established  a  certain  and  economical  way  of  constructing  those  sea- 
works  on  sand-cx)asts. 

The  eminent  Dutch  engineer,  Caland,  says: 

On  a  movable  bottom  this  metliotl  of  coiistiuction  ott'ers  guarantees  of  »oli«lity  wbich 
recoiuineiul  its  employuieut  wherever  the  materials  for  fascines  can  be  readily  had. 

There  is  no  longer,  as  heretofore,  a  question  of  procuring  suitable 
matenals  in  sufficient  quantity  and  at  a  reasonable  cost. 

Careful  estimates  have  been  prepared,  based  on  actual  practice  here, 
aud  they  show  the  cost  of  construction  will  fall  much  below  the  figures 
generally  thought  to  be  necessary.  These  estimates  are  made  upon  the 
supposition  that  the  work  will  be  ex)ntinuous,  and  $500,000  is  the  sum 
that  should  be  appropnated  annually  for  this  purpose.  Its  advantages 
are  that  very  little  plant  will  be  required;  one  or  two  powerful,  liglit- 
dranght  tug-boats  and  a  dozen  barges,  with  anchors  and  cables  and  way» 
for  building  mattresses,  is  all.  Contractors  can  have  suitable  material 
delivered  in  the  vicinity  of  the  work,  and  skilled  labor  for  making  and 
handling  the  mattresses  can  readily  be  obtained. 

Should  the  Government  purchase  the  plant,  whicn  I  estimate  $40,000 
wfll  cover,  contractors  could  make  use  of  it;  and  the  work  will  ]>ay  for 
this  plant  but  once,  aud  should  contractors  fail  to  give  satisfaction,  the 
plaht  being  ready,  the  work  could  be  prosecuted  without  interruption. 
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TIu>  bulk  of  the  appropriations  will  go  directly  into  the  work. 

I  am  confident  the  application  of  the  system  here  will  be  attended 
with  i>eifect  success. 

I  invite  attention  to  the  accompanying  report  of  Assistant  Engineer 
H.  ij,  Kii»ley,  to  whom  I  am  greatly  indebted  for  so  clear  and  compre- 
hensive an  exiwsition  of  our  plans  and  estimates  for  the  improvement 
of  this  liarlx)r. 

STATISTICS  OF  THE   PORT  OF  GALVKSTON',  YKAR  ENDING   DECKMBKU  31,  l>?7l). 

Erports  of  domestic  produce. 

Cotton  to  fiuvijijjn  ports $16,511,525 

Cotton  to  (loiiiOKtic  ports 9, 859, 075 

926, 370. 600 

Wool,  19,^C3b»OT l,5W,2aO 

Hides— balers,  9,91>3 ;  bundles,  SA'M :  loose,  7,6:37 2, 206, 550 


Cattle 

Tallow 

PretMTvo<l  nies^it* 

Bonefl,  6J)<)0  Ions 

HomH 

Peltries 

Pecans 

Boeewax 

Hair 

Oats  (wheat  and  com,  none) 

Cotton-seed,  15,000  tons 

Cotton-wjed  oil,  11,500  barrels 

Cott-on-wjeil  oil-cake,  77,000  sacks,  foreign 

8ucar 

Mola8se^ 


402.000 

170,000 

12,800 

76,000 

57, 300 

85,000 

19,400 

17.200 

4,000 

16.700 

120,000 

l(i4.000 

154,000 

306,580 

81,620 


Total •    31.715,970 


To  forei^jjn  porth 16,665.670 

TodoineKtic  ports 15,050,300 

Total 31,715.970 

Vnlut'  of  imporlsfor  the  j/earff  1K78  and  1H79,  each  ending  December  III. 


Aitk'k'^. 


(i  roc»»ri"- 

Dry  ff'Mxlrt 

ln'otionH  

Boot**,  nhors.  aufi  batH 

Hanlwarr  

Clothing 

Ci'orki'iy 

Dnifft*  . '. 

LnmlNtr,  ."»h:n:;li»«.  and  lath-* 

"Winth  ;in«I  li'juurM 

Furnitui-t'  

liiiuK  hikI  lOMii'iit 

Brick.H 


Siiah,  dooiK.  Miudrt.  Slc 

PaintH  iind  oiN 

Iron-tii*«  nnii  buliiii;  fttuftVi  — 

Crtff«-«? 

Coal 

Kailroad  iron  and  faf«t(*Dins^  .. 
H^iilroud  rolliiiz-4tm'k 


1878. 


$5. 081. 

2. 2«*0, 

430. 

l.r)33, 

505. 

604, 

3r>. 
2iM). 
220, 
470, 
230, 

18. 

•So, 
I2y. 

78. 
000, 
510. 

W). 
"2. 

t5. 


.500 
000 
(HH> 
420  ' 
100  I 
000  I 
000  ' 
000  i 
000  I 
000  I 
000 
000  I 
000  i 
000 
000 
850 
000 
0(H) 
000 
000 


U7t. 


$7.8U^TO0 
2.7K,000 

en,oflo 

1.78^030 

TOiSOO 

73^009 

7&000 

200.  MO 

331,000 

640,000 

370^000 

29.000 

4^000 

147,000 

n.000 

907.400 

083.000 

88,  MO 

340.  CM 
lOtSM 


Total 


V4.  .V>8. 930 


18, 331. 040 


lEcri-iirt4»  of  1870  ovfii"  1878,  26  jn-r  rem. 

The  above  are  the  ini]iort^  for  the  Galveston  trade  only,  and  are  esti- 
luatiMl  as  being  only  one-fourth  of  the  iniport8  at  Galve^ston  for  the  State 
at  Uirge,  which  would  l>e  for  1879,  $73,324,000. 


H 


I( 


I 

•  I 
1 


*'  •  -.-•'".       [■"•  ^*l^^lil^^^'^t9i  sv5rf  #  yfTfOm*''  c<^ -•*   •'• 


'  '■  "^  ^^v*? 


31 


ifft---- 
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STATEMENT  OF  DUTIES  COLLECTED  AT  THE  CUSTOM-HOUSE,  GAL^IESTONy  ON  IMPORTED 
GOODS  FOR  THE  CALENDAR  YEAR  ENDING  DECEMBER  31,  1879,  FURNISHED  BY  E. 
M.   PEASE,   ESQ.,   COLLECTOR. 

January $2,645  81 

Febrnarv 1,135  45 

March 5,407  83 

April i 3,314  99 

May 1,719  74 

June 1,755  52 

July 2,841  53 

August 26,809  11 

September 11,842  22 

October i 8,187  61 

November 14,198  91 

December 48,684  79 


Total  1879 128,543  51 

Total  for  caleudar  year  euding  December  31,  1878,  $43,007.41 ;  increase  of  1879  over 
1878,  200  per  cent. 

In  addition  to  other  foreign  goods  to  be  entered  at  this  port  during  this  year,  there 
have  been  ordered  from  England  100,000  tons  of  iron  and  steel  rails,  which  will  give  a 
revenue  in  duties  of  over  $160,000. 

The  above  statistics  were  furnished  by  kindness  of  Mr.  James  Sorley, 
of  Galveston,  Tex. 

The  work  is  located  in  the  collection  district  of  Galveston.  The  nearest  light-house 
is  on  Bolivar  Point,  at  entrance  to  Galveston  Bay. 

PAPERS  ACCOMPANYING  THIS  REPORT. 

A.  Report  of  Capt.  C.  E.  L.  B.  Davis,  Corps  of  Engineers. 

B.  Report-  of  Mr.  H.  C.  Ripley,  assist-ant  engineer. 

C.  Plans  and  estimates. 

D.  Analysis  of  current  meter. 

E.  DiagrniDS  of  wind. 

Money  statement 

July  1,  1879,  amount  available $117,462  80 

Amount  appropiiated  by  act  approved  June  14,  18810 175, 000  00 


July  1,  1880,  amount  expended  during  fiscal  year 80, 894  51 

July  1,  1880,  outstanding  liabilities 2,000  00 


$292, 462  80 


82. 894  51 


July  1,  1880,  amount  available 209,568  29 


Amount  th  at  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    500, 000  00 


BUSINESS  OF  PORT  OF  GALVESTON  FOR  THE  FISCAL  YEAR  ENDING  JUNE  30,   1880. 

Total  receipts  from  all  sources,  $346,298.97,  of  which  $318,211.24  was  from  duties  on 
imports. 

Total  value  of  imports  from  foreign  jiorts,  $1,094,731. 

Total  value  of  domestic  products  exi>orted  to  foreign  port«,  $16,726,825 ;  of  which 
cotton  amounted  to  $16,519,124,  and  all  other  articles  $207,701. 

Value  of  foreign  products  exported  to  foreign  ports,  $37,028. 

Entrances  and  clearances  of  reaaels  at  tht  port  of  Galveston  for  the  year  ending  June  30, 1880. 


Vo8»el8, 


Eutries. 


Clearanc«a. 


No.       Ton  A.     I  No.  I    ToDA. 


Atlantic  poils 
Gulf  ports 


AMKKICAN  COAjST. 


American.. 
Foreign 

Total 


FOREir.X  rOBTH. 


193 

113 


27 
168 


188,180 


109 


103,621  !  246 


7,893 


26 


110, 079  j  147 
404,773  i  528 


147, 919 
146,604 


10, 119 
88.895 

393,537 
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A. 

ilkpokt  ok  captain  c\  k,  l.  b.  day  18,  corps  of  engixebbs. 

United  States  Engineer  Offick, 

Oalveatan^  Tgc.,  June  3,  1880. 

i:>iR:  1  have  the  honor  to  Kuhmit  the  following  report  of  operations  for  improving 
the  harbor  at  Galveston,  Tex.,  from  tho  commencement  of  the  iiscal  year  1879  to  Feb- 
ruary 25,  18j?0,  the  date  of  your  arrival  at  Galveston,  Tex. 

BOLI VA  R  G ABIONN ADK. 

The  construction  of  the  ^abionuado  at  Bolivar  Point  was  continueil  up  to  November 
2r<,  1879,  when  the  manufacture  and  sinking  of  gabions  were  discontinued  in  accord- 
ance with  verbal  instructions  received  from  Maj.  C.  W.  Howell,  Corps  of  Ensrineers, 
IT.  S.  A. 

The  following  table  exhibits  the  monthly  progress  made  during  the  time  of  sinking 
gabions : 


Date. 


Xnmherofl     Total    ! 


Total 


l.^iunnerox       xouu     !  T|«,«tli  roiai 

.    gabioiis.    I  number,  t  -'^'^e*"*  |  length. 


1^79. 

July 

Aujzost 

September 

October 

November 


700  I 
772  I 


104 ; 

63  , 
88    In  wings. 
80  802 

805 


1.283 
583 


883 

40 


8.561 
8.601 


238 


2.278  : 


The  total  length  of  line  to  18  feet  of  water  out«ide  the  bar  is  16,500  feet;  9,606  feet 
of  gabionnade  having  been  constructed,  there  i*omaiued  uncompleted  on  the  ceasation 
of  work  a  length  of  0,894  fe«*.t. 

During  the  month  of  July  106  gabions  were  sunk  in  the  Bolivar  gabionnacle.  An 
examination  of  the  position  of  the  gabionnade  put  down  in  July  was  made  in  Septem- 
ber. 

One  gabion  was  missing,  and  one  was  found  to  the  northward  of  and  considerably 
out  of  line.  This  latter  gabion  was  put  down  at  the  close  of  a  day's  work ;  was  bnt 
partially  tilled  with  sand ;  and  two  days  afterwards  was  found  to  have  shifted  to  its 
position  revealed  by  tlie  September  examination.  It  is  probable  that  the  missing 
gabion  shifted  in  a  similar  manner,  but  so  far  out  of  line  as  not  to  be  discovered  by 
the  surveying  party. 

In  August  and  September  G3  and  '*\S  gabions,  respectively,  were  put  down,  disposed 
in  the  fcSlowiug  manner : 


88S88S888aW)0000000 


The  gabions  were  placed  very  regularly  and  in  line,  as  they  were  sunk  in  smooth 
and  shallow  water,  and  could  readily  be  seen  in  position  when  first  put  down. 

An  examination  of  this  portion  of  the  gabionnade,  male  in  November,  shower!  the 
position  of  the  gabionnade  to  be  as  follows  • 


i^cyc^ 


'J'  o 

The  two  gabions  Nos.  750  and  751  wei*e  cai-ried  away,  leaving  the  mats  and  concrete 
blocks  in  position.    These  two  gabions  were  discovered  missing  a  few  days  after  being 
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put  down.  As  they  were  tilled  properly,  no  cause  can  be  aKRigned  for  their  disappear- 
ance. 

In  the  partial  inclosure  formed  by  the  wing  and  Tetum  line,  put  down  in  S<*ptember,. 
it  was  thought  a  rapid  accumulation  of  sand  would  take  place,  but  no  8ueli  effect  oc- 
curred. 

During  the  month  of  October  30  gabions  were  place<l  in  the  gabionnade.  Of  these  30" 
gabions  5  had  entirely  disappeared,  when  examined  in  December,  and  others  showed 
considerable  displacement. 

In  November  8  gabions  were  put  down.  Four  of  these  were  put  down  on  the  3d, 
the  outer  two  of  which  had  disappeared  on  the  19th  and  were  replaced,  ami  two  more 
sunk  on  that  date.  When  the  examination  was  made  December  16,  only  3  of  the  8 
gabions  remained. 

At  the  outer  end  where  the  gabions  disappeared  the  mats  remained  as  they  were 
placed.    At  this  point  the  construction  of  the  Bolivar  gabioima<le  was  discontinued.. 

MATTRESS  JETfY. 

In  November  I  visited  New  Orleans,  under  telegraphic  orders  from  Major  Howell, 
and  there  received  verbal  instructions  from  him  to  stop  the  manufacture  and  sinking 
of  eabions,  which  orders  1  carried  out  on  my  return  to  Galveston,  November  28,  1879. 

Major  Howell  also  gave  me  verbal  instructions  to  put  down  mate  made  of  brush  and 
cane  at  the  in-shore  end  of  the  Bolivar  gabionnade. 

These  mattresses  were  made  18  by  60  feet,  and  about  one  foot  thick  over  all.  The 
cane  or  brush  was  laid  one  layer  lengthwise,  another  crosswise,  and  another  length- 
'wise,  all  held  in  place  by  frames  of  yellow  pine,  above  and  below  fastened  together 
•with  iron  bolts,  wooden  pins,  and  galvanized  iron  wire. 

A  few  mattresses  18  by  30  feet  and  1  foot  thick,  made  in  a  similar  manner,  were  also 
need. 

The  larger  mats  were  loaded  with  100  concrete  blocks.  The  blocks  were  the  same 
as  those  usied  in  weighting  the  mats  placed  under  the  gabions.  They  are  about  30  by  18 
by  6  inches,  e4]ual  to  1|  cubic  feet,  with  an  average  weight  of  230  ]>ounds,  making  the 
total  weight  of  blocks  on  each  mat  23,000  pounds. 

During  the  month  of  December  30  of  the  larger  and  4  of  the  smaller  mattresses  were 
placed  in  position. 

Afl  there  was  a  deep  trench  along  the  line  of  the  gabionnade,  an  offset  of  114  feet  to 
the  northward  was  made  as  soon  as  the  line  of  mattresses  met  the  gabions,  in  order  to 
AToid  this  trench.  The  mattress  line  was  then  continued  parallel  to  the  line  of  the 
gabionnade. 

Daring  the  mouth  of  January-  31  mattresses  were  sunk,  28  of  the  larger  and  3  of  the 
smaller  size. 

Daring  the  mouth  of  February  27  mattresses  of  the  larger  and  4  of  the  smaller  size 
were  sunk. 

Under  date  of  Febniary  4,  1880,  Mr.  Ripley,  United  States  assistant  engineer,  re- 
ported as  follows : 

"  I  have  the  honor  to  report[that  during  Sunday's  storm  there  were  a  number  of  mat- 
tresses dislodged  from  the  jetty.  Three  are  broken  to  pieces,  and  the  lumber  and  cane 
are  strewn  along  the  beach  south  of  the  range.  Two  are  still  in  the  water  only  a  short 
distance  from  the  jetty  on  the  south  side.  Their  positions  are  shown  by  the  ends  of 
the  cane  projecting  above  the  water.  Apparently  one  end  of  each  is  relieved  of  the 
concrete  blocks,  wnich  allows  it  to  come  up  to  near  the  surface  of  the  water,  the  ends 
of  the  cane  projecting  above  it.  About  i  of  1  of  the  3  broken  ones  lies  near  the 
water's  edge,  and  has  9  blocks  upon  it.  These  mattresses  all  came  from  near  the  inner 
end  of  the  jetty,  as  I  can  tell  by  the  lumber  in  the  frames.  The  cook  on  the  clam- 
shell dredge  reports  that  on  Sunday  he  saw  5  mattresses  drift  past  the  dredge  toward 
the  harbor. 

"Shortly  after  your  arrival  the  sinking  of  these  mattresses  was  discontinued,  since 
which  time  no  examination  has  been  made." 

Bepairs  to  the  plant,  wharves,  buildings,  etc.,  were  ma<le  during  the  year,  the  de- 
tails of  which  will  be  found  in  the  report  of  the  operations  of  the  construction- yard. 

SURVEYS  AND  EXAMINATIONS. 

During  the  year  surveys  of  the  outer  and  inner  bars  and  examinations  of  the  line 
of  the  Bolivar  gabionnade  were  made  at  times  favorable  for  such  work.  A  conix)lete 
survey  of  the  outer  and  inner  bars  was  made  in  the  month  of  August,  1879. 

A  comparison  of  the  inner-bar  portion  with  the  sur\'ey  made  the  ])recediu«:  April 
showed  that  no  material  change  had  taken  place.  There  was  a  practicable  (rbannei 
of  20^  feet  depth  with  a  least  width  of  500  feet  on  the  inner  bar,  and  400  feet  wide 
inside  the  bar  between  the  20-foot  contour-lines. 

A  comparison  of  the  survey  of  the  enter  bar  with  that  made  in  the  month  of  June  pre- 
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ceding  showed  considerable  change,  especially  immediately  in  front  of  the  Bolivar  chan- 
nel, where  a  shoaling  from  ^  to  1  foot  was  found.  A  severe  northeasterly  storm  occoired 
on  the  2'M  and  24th  of  Augnst,  and  the  soundincp  upon  this  portion  of  the  bar  were 
taken  on  the  25th,  so  the  change  was  nndonbtedlv  due  to  this  storm  and  the  shoaling 
was  suhserinently  found  to  have  disappeared,  and  as  no  complaints  were  heard  from 
ship-mastorN  or  pilots  it  is  probable  the  shoaung  was  of  very  short  duration. 

A  survey  of  the  outer  bar  was  made  in  November  and  I>ecember.  On  comparing 
this  chart  with  those  previously  made,  no  material  change  was  found  to  have  taken 
place. 

Examinations  of  the  Bolivar  gabiounade  were  miide  in  July,  September,  and  No- 
vember, for  the  purpose  of  noting  the  changes  that  had  taken  place  in  the  positions 
of  the  gabicms. 

These  examinations,  honie  of  which  were  quite  extensive  and  included  the  whole 
line,  were  reported  upon  at  the  time  to  Msgor  Howell,  and  the  reports  will  be  found 
among  the.  oftice  records. 

Very  respectfully,  your  olnvlieut  servant, 

CifAS.  E.  L.  B.  Da\18, 

Captain  of  Engineer 8, 

Maj.  S.  M.  Mansfieu), 

Coi'ps  of  Engin^ei'n,  I\  S.  A.  * 


B. 

REPORT  OF   MR.    IF.    C.    RIPLEY,    ASSISTANT   EMtlN'EKR. 

Bolivar  Point,  Tex.,  Julg  6,  1480. 

Captain*:  I  have  the  honor  t^  submit  the  following  report  of  opejrations  for  the 
improvement  of  Galveston  Harbor,  Texas,  for  the  year  ending  June  30,  1880. 

The  journal  herewith  transmitted  is  of  the  usual  form  and  snows  the  expenditure  of 
material  and  labor,  the  construction  of  gabions,  concrete  blocks,  mattresses,  &c.,  the 
repairs  to  plant  and  other  incidental  work. 

The  progress  made  in  gabiounade  construction,  together  with  det-ailed  acoonnts  of  the 
behavior  of  the  gabions  and  of  changes  shown  by  surveys,  have  already  been  reported. 
See  reports  dat^  August  1  and  22,  September  12  and  20,  Noveml>er  17,  18T9,  and 
January  6,  l.SdO.  A  description  of  mattress  construction  (mattress  of  bmsh  or  cane, 
with  stiff  wooden  frames),  together  with  a  tracing  showing  manner  of  placing  mat- 
tresses and  their  behavior,  has  also  been  furnished.     See  report  dated  March  4,  18c?0. 

After  the  arrival  of  Colonel  Manstield.  who  had  relieved  Major  Howell  in  charge  of 
this  work,  the  co^nstruction  of  mattresses  with  frames  of  wood  was  discontinued,  and 
since  that  time  our  work  has  beeu  to  a  great  extent  experimental.  Under  Colonel 
Mansfield's  direction  mattresses  have  been  constructed  after  the  manner  of  the  Dutch 
in  the  im])rovement  of  the  river  Maas. 

A  brief  description  of  our  experiments  with  this  fonii  of  mattress  will  now  be  given. 
A  mattress  Irt  by  30  by  1..^  feet,  made  wholly  of  cane,  was  placed  in  the  water  and 
weighted  with  concrete  blocks  until  it  sunk  to  the  l>ottom;  02  blocks  were  reqnired 
to  barely  sink  it  and  100  blocks  were  necessary  to  hold  it  tirmly  upon  the  bottom. 
The  weight  of  100  blocks  is  about  21^,000  pounds,  which  shows  that  it  required  ^^ 
ptmnds  of  stone  to  overcome  the  buoyancy  of  each  cubic  foot  of  mattress.  The  resnt 
of  this  experiment  was  deemed  sut!icient  to  condemn  the  use  of  cane  for  the  bulk  of 
the  mattress ;  for,  the  cane  being  hollow  and  air-ti<;ht,  it  is  believed  that  its  buoyancy 
would  not  l»e  greatly  diminished  by  getting  water-soaki*d,  and  hence  as  one  of  the  con- 
btituents  of  the  jetty  it  coulil  never  prove  economical. 

A  second  mattress  Irt  by  '.iO  by  1.5  feet,  made  of  brush  with  cane  fascines,  ropes  and 
hurdle,  was  placed  in  the  water  and  attached  to  the  stem  of  the  drwlge-boat  which  is 
moored  otl'  the  wharf  in  about  7  feet  of  wat^'r.  This  mattress  sunk  in  about  one  week 
of  its  own  a<'cord  and  l)ecam(j  so  tirmly  attached  to  the  bottom  as  to  hold  the  di*edge- 
boat  against  n  strong  wind  and  tide  until  iinally  the  line  was  broken  and  the  dredge 
swung  to  her  anchor.  Two  mattresses  J 8  by  V,6  by  1.5  feet  were  next  placed  ou  the 
line  of  tlie  north  jetty  at  the  outer  end  of  the  gabiounade.  From  the  mattress  in  the 
bay  sinking  of  its  own  jwccord,  it  was  believed  that  only  a  few  concrete  blocks  wonld 
be  necensary  to  sink  them ;  bur  these  2  mattresses  had  been  made  some  time,  and  the 
bmsh  of  which  they  were  compos*'d  ha<i  b«»come  thoroughly  driwl  so  that  its  buoyancy 
was  much  <i;rcat<>r  than  had  been  anticipated,  S4»  that  it  was  found  after  the  mattresses 
were  launched  that  then*  were  barely  bh)cks  enough  to  sink  them.  The  edge  of  one 
mattress  lodged  on  the  end  of  a  gabion  in  sinking,  and  the  sinking  lines  being  too  weak 
to  rais4>  it,  before  it  couid  be  dislo<lged  the  blocks  from  that  edge  had  rolled  down 
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towards  th«*  lower  side  of  tb<*  inaTtrcHs.  Tho  other  iuattri'H>>  waa  capHizod  in  launch- 
infi:  from  tin*  bari;e,  so  that  the  hurdles  which  wore  intende<i  to  keep  the  blocks  from 
being  wa.sl)ed  oft  the  niattrer^  wei*e  ou  the  uuder  side,  and  heuce  of  no  use. 

After  a  fniitless  eftbrt  to  turn  the  mattress  rifjht  side  up,  it  b«Mn^  quite  late  and  tho 
sea  increasing,  the  blocks  were  placed  upon  it  and  it  wa«  lowered  to  the  lK)ttom.  It 
was  then  too  late  and  the  tide  was  too  strong  to  bring  the  barges  in,  so  they  wore 
moored  near  by  and  left.  Tho  sea  increased  during  the  night  to  such  an  extent  that 
one  of  the  barges  broke  away  fi'oiu  her  mooring  by  tearing  away  the  gypsy  from  the 
8iiin«on-post.  It  was  with  great  diDiculty  next  morning  that  men  could  get  from  the 
tug  to  the  remaining  barge  to  raise  the  anchor,  on  account  of  tho  sea. 

I  have  hoAiu  thus  minute  in  the  description  of  the  placing  of  thet^e  two  mattressi^x 
and  of  the  c<mdition  of  the  w^oather  because  two  days  later,  after  the  sea  hsui  subsided, 
it  was  found  that  they  had  been  carried  away.  Eiglity  bh)cks  had  been  placed  upon 
them,  which  is  equivalent  to  Hi  pounds  per  cubic  foot  of  mattress.  The  cause  of  tho 
fteries  of  accidents  above  enumerated  was  due  to  inexperi<MJce  as  t-o  necessary  sti'ength 
of  iunking-Unes,  amount  of  ballant  needed,  mode  of  launching,  &c. 

Two  days  later  two  more  mattresses  of  the  same  size  were  placed  at  the  same  point 
without  a  single  accident.  These  were  placed  end  to  end  across  the  line  of  the  jetty 
and  weight^-id  with  125  blocks  equivalent  to  17f  pounds  per  cubic  foot  of  mattrcsb. 
An  examination  made  17  days  subsequent  to  their  placing  does  not  reveal  any  settle- 
ment even  at  their  wlges ;  neither  is  there  shown  any  tendency  t«  an  accumulation  of 
Aand  about  them.  Whether  the  sand  ha«  filled  the  intorstices  in  the  brush  could  not 
l>e  determined.  These  mattresnes  were  placed  in  about  14  feet  of  water — a  deep  scour- 
ing having  taken  place  at  the  end  of  tho  gabionnade — which  may  l>e  the  cause  of  their 
f;:iilure  to  collect  sand.  At  any  rate  the  question  can  hardly  be  considered  decided  by 
the  action  of  these  two  mattresaes,  placed  as  they  are  at  the  immediate  oud  of  the 
gabionnade. 

A  record  of  the  tide  and  wind  ha«  been  kept  as  heretofore  hy  means  of  self-register- 
iug  tide-gauge  and  anemometer,  and  a  rain-gauge  has  been  established  since  April. 
These  records  together  with  the  record  of  the  mean  daily  height  of  the  barometer 
(obtained  from  the  signal  office,  at  Galveston)  are  being  plotted  so  as  to  repreaeut 
them  graphically  on  a  single  chart.  This  chart  is  not  yet  tinished,  but  will  be  fur- 
nished as  soon  as  completed.  A  meter  attachment  has  been  made  to  the  registering 
apparatus  of  the  tide-gauge,  so  that  a  record  of  the  velocity  of  the  current  is  also  kept. 
A  description  of  the  meter  a^>com]panies  this  report.  The  wind  record  has  been  plot- 
ted on  diagrams  which  are  herewith  transmitted. 
Very  respectfully,  your  obe<licnt  servant, 

H.  C.  Ripley, 

Jsffiniant  Engineer, 

Capt.  C.  E.  L.  B.  Davis, 

Corps  of  Engineers  U.  S.  .K 


C. 

PL.WS   AM>  KSTIMATKS,    REPORT  OF   MR.    H.  C.   RIPLKV.  ASSISTANT  ENOIXEKR. 

Bolivar  Point,  Tex.,  July  3,  1880. 

Colonel:  In  accordance  with  your  verbal  instructions  to  prex^are  plans  and  esii" 
mates  for  the  improvement  of  the  entrance  of  Galveston  Harbor.  Texas,  by  means  of 
jetties  constructed  after  the  manner  of  the  Dutch  in  the  imjirovement  of  the  river 
Mnas,  I  have  the  honor  to  submit  the  following  report : 

ITie  accompanying  tracings  show  the  fonu  and  position  of  each  jetty.  The  south 
jetty  has  a  t-c»t»l  length  of  1,"»,330  feet,  and  extends  from  the  6-foot  contour  at  its  ii\ner 
end  to  the  13|  foot  c(mtour  at  its  out^'r  end.  C(»mmencing  at  the  iimer  end  for  4,0H<» 
feet,  the  top  is  5  feet  below  the  water  surface  and  has  a  width  of  12  f<iet.  i^m  this 
point  the  jetty  slopes  up  to  tin?  water  surfiice  and  gradually  increases  its  width  ou 
top  from  lU  feet  to  24  feet  at  a  distance  from  the  inner  end  of  10,22<)  feet. 

From  this  point  the  top  width  is  uniformly  24  feet,  and  the  top  is  at  the  water  sur- 
face for  a  distance  of  14,960  feet  from  the  inner  end.  PYom  this  point  t«  the  outer  end, 
a  distance  of  370  fci^t^  it  gi"a<lually  slopes  down  to  the  foundation  mattress.  The  side 
slope  is  the  same  throughout  for  either  side  of  the  jetty,  and  has  been  assumed  at  1  on 
2,  with  a  base  lierm  projecting  10  feet  beyond  the  intei-section  of  the  side  slope  and 
foundation  mattre.ss.  Lest  the  width  of  this  berm  nhould  prove  insufticient  (m  account 
of  unexpected  scour,  an  allowance  has  been  made  in  the  *'  R^^sume  of  Estimates"  for 
an  additi<mal  width  of  r>  fi-et  on  either  side.  The  outer  end  of  the  Jetty  or  **pier  head*' 
in  essentially  different  in  form  from  that  of  the  Maas  Jetty.  It  is  believed,  however,  that 
different  conditions,  together  with  diminished  cost,  warrant  the  modiiicatiou.  AUheavy 
seas  must  come  from  the  Gulf,  and  will  strike  the  jetty  directly  in  end  or  at  a  small 
angle.  A  gently  sloping  face  well  paved  to  a  depth  of  H  feet  will  undoubtedly  receive 
less  shock  than  an  enlarged  and  more  abrupt  pier  head.  Should  experience  during 
the  conrse  of  eonstniction  prove  its  necessity,  a  less  side  slope  can  be  given  to  the 
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jftty  ai  its  hvixd  so  hh  t<>  iiu:r('UH'ii.sl)Otti)m  width  ut  its  bi|;heAt)  poiutto,  say,  400  feet 
iiistVurl  oi'\K)  feet,  uiul  tlie  ^UW  could  l)u  paved  an  is  showu  on  the  ena  slope.  This 
can  l»e  an'oTuplisIied  at  a  siiuill  additionul  cortt  aud  would,  I  think,  Insnre  the  jetty 
head  against  stonnH  whicli  would  endanger  letw  exposed  portions  of  the  jetty. 

The  pile  constriictiou  supporting  the  railway  in  aW  diiferent  firom  that  of  the  Haas 
jetty  :  hux.  ir  is  believed  to  ]>u8se8H  greater  strength  and  stiDuess  at  a  less  cost.  The 
entiinate  t\»r  itilc-work  contemplates  that  the  tim))er  ^dlall  l>e  of  oak  throughout,  au«l 
that  ih**  jMles  Khali  be  covered  with  zinc,  wherever  they  come  in  conta«!;t  with 
the  natiT,  m  protect  them  from  the  teredo.  Two  rows  of  piles  5  feet  from  center  to 
tenter,  witli  alternate  )>airs  driven  at  an  angle,  as  shown  on  the  tracing,  extend  from 
Mu'tion  A  to  section  F  incln«ve.  From  section  U  to  section  O  inclusive,  4  rows  of  piles 
are  cont^'niplated,  as  are  shown  on  the  tracing  in  plan  an<l  section. 

It  is  believed  that  th«'  pile-work  will  Ih^  unnecessary  for  the  purjiose  of  ''consolida:- 
iij^"  the  Jen y,  ami  hence  may  be  dispensed  with,  unless  it  should  be  thought  an  eco- 
nomical auxiliao'  in  const  met  ion. 

The  north  jetty  has  a  total  length  of  H,01K>  foet,  and  extends  from  near  the  outer 
♦•nd  of  the  Holivar  gabionnade  to  the  14-foot  contour  acroHS  the  bar.  The  inner  end 
is  at  a  jioint  on  a  shoal  whore  the  clay  formation  comes  to  withiu  about  6  feet  of  the 
water  surface  and  where  the  gabions  have  shown  little  disposition  to  settle  furth er 
than  through  the  sand  de])Osit  which  covers  this  substratum  of  clay.  From  th'i 
p(»int  the  top  of  the  jetty  slopes  up  to  the  water  surface  and  increases  its  width  grad- 
ually from  I'i  {\i(^t  to  '24  fei't  at  a  distance  of  2,2ti0  feet.  From  this  point  to  its  outer 
end  tUo  tof)  width  of  the  jetty  itMnains  at  2i  feet  and  the  t-op  lies  in  the  water  snr- 
f;u^e  to  within  300  feet  of  the  end,  from  which  ])oiTit  it  gradually  slopes  down  to  ths 
f<Miudati(m  i:Littress  at  the  end. 

Seeti<m  A  bej^ins  at  the  outer  end  of  the  gabionnade,  and  shows  where  the  inner 
end  of  the  jetty  wouhl  be  if  it  be  thought  uuuecessary  to  carry  it  back  to  the  shoal 
above  mentioned.  Tlu?  pile-work  consists  of  4  rows  of  piles  6  feet  apart,  with  the 
}iiles  in  each  row  5  feet  Irom  center  to  center  without  walling  or  superstructure.  They 
are  oidy  intended  tor  the  ])urpose  of  ** consolidation.'*  In  other  respects  the  details 
are  similar  to  those  for  the  south  jetty. 

Two  estimates  for  each  jetty  are  herewith  submitted  :  one  in  which  the  structure  :% 
e<»mpos<Ml  of  a  foundation  mattress  and  stone  only,  and  the  other  in  which  the  struct- 
ure is  composed  of  a  foundation  mattn>ss  and  alternate  layers  of  hearting  mattresses 
and  stone — the  top  being  i»ave<l  in  strict  accordance  with  the  Dut-ch  method. 

The  sidt*  slope  which  has  been  assumed,  it  is  believed  is  8tee)ier  than  stone  will 
take  if  thrown  in  and  allowed  to  assume  its  own  slope,  and  it  is  probable  that  3(> 
per  i'.vut.  would  not  be  too  much  to  add  to  the  estimate,  for  the  increase  due  to  the 
change  of  slope,  if  foundation  mattresses  and  st(me  alone  be  used.  This  addition  has 
been  UK'Mle  in  the  "K«'*sunie  of  Estimates.*' 

It  should  be  remarked  that  these  estimates  have  been  made  on  the  basis  of  actual 
e\peri»Mn;e  here  in  the  kind  of  <'onstructiou  ]>ropos«'d.  and  it  is  believwl  that  the  esti- 
mate is  a  liberal  (me.  The  only  element  of  uncertainty  is  the  cost  of  construction, 
:nid  this  must  always  be  an  niycrtain  ehMnent  in  work  of  this  kiu<l,  wliei*e  the  prog- 
:«•».«  of  the  w<»rk  is  dependent  ujiou  the  state  of  the  weather. 

In  the  a<loption  of  ilie  form  of  the  proliles  of  the  jetties  we  have  been  guided  by  the 
]irinciple.  that,  while  the  ebb  current  should  be  conlinedto  a  single  channel  across  the 
Har,  as  little  obstruction  as  possible  should  be  i)la<*e<l  to  the  a<lmission  of  water  into 
I  he  bay  during  Hood-tide.  It  was  desirable  to  actromplish  this  result  with  a  minimimi 
amount  of  ctmstruction,  and  htMieij  the  inner  ends  of  the  jetties  commeuc«)  some  dis- 
tance from  the  shore.  In  case  of  the  south  jetty,  it  is  believed  that  the  opening 
lu'tivei'ii  its  inner  eml  and  th»^  pile  bn^kwaterwill  be  prote<*ted  from  scour  daring  ebb- 
tide^ by  the  current  from  (Jalvi-ston  Channel,  whose  direction  is  such  as  to  fon-e  the 
Aat-t^r  in  Ktdivar  Channel  northward  and  ureveut  much  tendency  tosprea<l  southward 
until  a  point  of  the  jetty  some  distance  Irom  its  inner  end  is  rejiched.  Abtmt  :2,OiiO 
ieet  from  its  inner  end,  where  the  lirst  c<mcentration  of  cun-ent  against  the  jetty  occurs, 
it  wonl«l  s»-«'m  a]>]iroj»riate  to  raise  the  jetty  to  its  full  htnght ;  but  inasmuch  as  a  larger 
openinir  nmst  he  lelt  for  the  admission  of  Hood  water  into  the  bay,  and  the  inner  end 
"^eeius  to  br  the  only  available  place  for  an  optMiing,  aside  Irom  the  opening  between 
I  he  jetties,  this  portiim  of  the  jetty  is  raised  (mly  sutHcieiitly  to  destroy  the  scouring 
force  of  the  current,  an<l  its  full  height  is  delayed  until  a  ]ioiut  on  the  bar  is  reached 
where  ibe  direction  of  the  flocul  cun-ent  is  such  that  the  jettv  offers  but  little  op]>osi- 
tion  to  it.  Then,  too,  during  ebb-tide,  this  is  the  portion  oi"  the  jetty  most  efficient 
\u  concentrating  the  current  on  the  bar ;  for,  after  ]iassiug  the  gorge  between  Bolivar 
J'oint  ami  Fort  Point,  the  mom**ntiini  of  the  water  must  render  the 
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In  case  of  the  north  jetty,  it  will  be  seen  that  the  upening  between  its  inner  end 
and  the  shore  is  covered  by  a  shoal  ext«*nding  from  Holivar  Point  along  the  north 
margin  of  Bolivar  Chanuel,  crossing  the  Hue  of  the  jetty  at  its  inner  end. 

This  shoal  acts  the  ]>art  of  a  drowned  jetty.  Its  ibrmaTion  was  undoubtedly  due  to 
au  e-ddy  caused  by  the  settirg  ii!  of  Hood-tide  from  the  i.ortheast  while  the  current  In 
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Bolivar  Chaunol  was  ait  ill  ninuinjif  ebb.  Its  maintenance,  I  think,  iH  due  to  two  causes: 
iirat,  a  littoral  current  in  the  Gulf  setting  westward— (the  opinion  of  sea-faring  men 
familiar  with  the  Gulf  currents  is  to  the  effect  that  a  littoral  current  of  greater  or  lens 
velocity  runs  to  the  westward  nine-tenths  of  the  time) ;  Hecoud,  northerly  winds,  which, 
while  they  force  the  wat^r  out  of  the  bay  and  cause  high  velocities,  at  the  same  tinin 
press  the  water  of  the  Gulf  against  the  north  side  of  Bolivar  Channel  and  prevent  it*) 
water  from  diverging  northward.  Where  the  gabionnade  crosses  this  shoal,  compact, 
tenacious  blue  clay  is  found  about  6  feet  ftt>m  the  water  surface  covered  with  *,i  feet  of 
sand.  The  cxistenco  of  a  clay  formation  in  the  clear  waters  of  the  Gulf  assures  us  of 
it»  ancient  origin,  and  hence  we  should  ex|>oct  that  the  same  forces  which  have  formed 
this  shoal  and  preserved  it  for  a  long  period  will  continue  its  existence,  for,  if  our 
theory  of  its  formation  and  uiaintenance  be  true,  the  buildiug  of  the  jetties  will  not  alter 
the  conditions  to  the  prejudice  of  the  shoal.  It  would  be  useless,  therefore,  to  place 
the  inner  end  of  the  jetty  nearer  to  the  shore  than  the  point  ]>roposed.  The  gradual 
fliope  from  the  inner  end  to  the  water  surface  is  to  conrorm  to  the  gradually  inoreaM- 
ing  tendency  of  the  water  to  divc^rgence,  which  must  exist  as  the  distance  from  the 
ahoal  is  increased,  and  also  to  avoid  an  abrupt  end,  whirli  would  b«i  likely  to  cau»ie 
«ddies  and  unnecessary  scour. 

The  extreme  heicht  of  the  jetties  is  placed  at  the  water  surface  of  moan  low-tide 
rather  than  at  the  neight  of  high-tide,  for  the  reason  that  the  strongest  ebb  currentw, 
aud  hence  those  from  >\hieh  the  greatest  scour  is  expected,  occur  after  the  water  has 
fallen  about  oue-half  the  distance  fi'om  hi^h-tide  to  low-tide  (as  is  shown  by  the  current 
niett^r  curve  for  a  point  in  the  bay,  and  it  is  probable  that  at  a  point  on  the  bar  th« 
strongest  ebb-tide  would  be  found  at  a  stage  of  the  tide  much  lower,  since  there  muHt 
be  considerable  slope  to  the  water  surface  with  a  strong  current,  which  in  a  distancn 
of  5  miles  would  make  <|uite  a  ditference  in  the  height  of  the  water  surface),  and 
hence  any  height  of  jetty  in  excess  of  the  height  of  th»'  water  surface  would  not  only 
be  superfluous  as  a  confining  agent,  but  it  would  go  to  increase  the  obstruction  to 
the  entrance  of  flood  wat-er.  For  strict  economy,  therefore,  we  should  place  the  height 
of  the  highest  part  of  the  jetty  so  low  that  the  water  surface  during  strong  ebb  cur- 
rente  would  not  fall  below  it. 

In  the  expeuditure  of  so  large  an  amount  of  money  as  the  building  of  these  two 
jetties  involves,  the  (luestion  naturally  arises.  What  dt*pth  across  the  bar  may  be  ex- 
pected from  the  outlay?  To  give  a  complete  and  definite  answer  to  this  question 
must  be  freely  admitted  to  be  impossible ;  yet  we  think  it  can  be  shown  l)eyond  a 
reasonable  doubt  that  there  will  result  a  sullicient  dejuli  to  satisfy  all  present  aud 
prospective  demands  of  the  port. 

We  have  the  following  data : 

1.  Area  of  interior  basin : square  miles..  451 

2.  Mean  daily  tide  at  Bolivar  Point ; feet . .  1. 1 

3.  Area  of  cross-section  of  gorge  betwei^i  Bolivar  Point  and 

Fort  Point square  feet..  I'lo,  Gil 

4.  Hydraulic  mean  depth  of  section feet..  17.  ;l 

5.  Greatest  depth  in  Htjctiou feet . .  44 

6.  Area  of  profile  of  south  jetty s(|uare  feet . .  115, 49(> 

7.  Area  of  }>rofile  (»f  north  jetty square  fe<;t . .  (il,  170 

6.  Area  of  discharge  over  south  jet ty stiuai'e  feet . .  115, 75*) 

ti.  Area  of  discharge  over  north  jetty square  feet . .  6, 78<) 

10.  Area  of  discharge  over  .shoal  at  inner  end  of  south  jetty square  feet . .     24, 33*) 

11.  Area  of  discharge  over  oi>eniug  at  inner  end  of  north  jetty,  .square  feet. .     55, 370 

12.  Area  of  discharge  between  north  and  south  jetties square  feet..  140,690 

Now,  without  going  into  a  refined  mathematical  discussion  calling  for  exact  data  as 
to  velocities,  water  slopes,  and  volume  of  discharge,  which  we  do  not  possess,  we  wili 
fclxnply  iJoint  to  the  fact  that  in  the  present  condition,  without  jetties,  there  is  main- 
tained on  the  bar  over  the  area  between  the  two  jetties  a  very  constant  depth  of  11 
feet,  with  an  area  of  discharge  of  140,690  s<]uare  feet.  The  eft'ect  of  the  jetties  will  be  to 
augment  the  disi^harge  between  them  by  an  amount  equal  to  the  amount  which  now 
croeees  the  line  of  the  x>roposed  jetties  and  finds  its  way  across  the  bar  at  other  points. 
The  area  of  this  discharge  is  equal  to  the  combined  areas  of  the  profiles  of  the  jettie<^, 
-which  is  176,661)  square  feet.  In  the  absence  of  current  measurements  to  determine 
the  amonnt  which  thus  escapes  we  have  to  judge  of  its  amount  by  it-s  effect  in  main- 
taining certain  depths  upon  those  ])orti<ms  of  the  bar  over  wliich  it  passes.  An  in- 
spection of  the  <*liart  shows  that  the  water  crossing  the  north  jetty  is  sufficient  to 
maintain  depths  varying  from  4  feet  to  lOJ  feet.  We  will  be  safe  in  assuming  the- 
mean  depth  at  8  feet. 

Aa  compared  with  the  discharge,  therefore,  between  the  jetties,  it  would  be  as  8  t» 
11,  and  the  amount  would  be  equivalent  to  an  amount  which  would  pass  an  area  ^\ 
of  the  area  of  the  north  jetty,  which  is  61,170  X  A  =  44,451  square  feet. 

Over  the  line  of  the  south  jetty  the  discharge  is  nnioh  greater,  being  sufficient  to 
maintain  depths  ranging  from  G^J  to  11  feet. 
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We  will  be  well  on  the  Bido  of  safety  iu  takinii;  the  ine«n  depth  at  9  feet.  As  com- 
pQxed  with  the  discharge  betwi^en  the  jetties,  therefore,  it  would  be  as  9  to  11,  and 
the  amoniit  would  be  equivalent  to  an  amount  whieh  would  pass  an  area  fi  of  the  area 
of  the  south  jetty,  which  is  115,4%  X  n  =94,497  square  feet. 

The  au^uentatioTi,  then^fore,  would  be  44,451  -f  94,497  =  1:^,948  square  feet,  which  :s 
nearly  ctjual  to  rh*^-  preM^nt  area  (»f  disohiir^e  between  the  proposed  jetties,  and  henco 
the  resulting  iir«»ii  of  discharge  botweeu  the  j«*tties  will  be  nearly  twice  its  preeeuT 
area.  Since,  there  can  l»»=*  no  lateral  enlurgenient  there  will  result  a  mean  depth  of 
al>out  22  teet. 

An  hydraulic  mean  depth  of  17 1'',,  feet  in  the  croHrt-.se(*tion  of  the  gorge  between  Boli- 
var Poiut  and  Fort  I'oint  gi  vch  an  extreme  depth  of  44  feet.  The  conditions,  however, 
are  difl'orent  in  the  gorge  and  on  the  bar,  so  that  in  the  latter  place  we  should  not 
expect  Ko  great  u  diltV^rence  between  the  mean  and  extreme  de]>th8;  but  since  tbt> 
minimum  depth  cannot  be  greater  than  the  height  of  the  jetty,  and  since  the  friotiou 
caused  by  the  jettien  tlieniselveamuHt  prevent  a  uniformity  of  velocity  throughout  the 
Hcction,  honee  we  should  look  with  ei>ntidence  for  an  extreme  depth  of  not  less  than 
25  feet. 

Thus  far  the  subject  of  iiiainteuanec  only  has  be^'u  considered,  and  since  it  is  we'.l 
known  that  a  greater  fo/ee  is  re<iuir«Ml  to  deejjen  than  t-o  maintain  a  channel  the  cjuen- 
tion  arises  as  to  how  the  deepening  is  to  l>e  effected.  This  subject,  therefore,  calls  for 
some  consideration.  The  area  of  the  bay  which  serves  as  a  reservoir  is  451  siiuare 
DQiles,  and  the  average  tidt.^  at  Bolivar  is  1.1  feet.  It  should  be  remarked  that  only  a 
small  portion  of  the  bay  is  raise<l  to  this  height  in  an  ordinary  tide  (see  Report  of  Chief 
of  Engineers  for  l**??,  ran  I,  page  4<W);  but  at  times  of  storms  or  extraoMinary  tid«»H 
the  water  in  the  bay  is  elevated  mn'eral  feet.  Durinff  the  storm  of  1877  a  careful  re-j- 
ord  of  the  tide  was  kept.  Tlie  bay  was  filled  gradually  to  a  height  of  5f„  feet  above 
the  plane  of  mean  low-tide.  A  sudden  shifting  of  the  wind  to  the  north,  from  which 
point  it  blew  with  a  high  vnlocity,  induced  so  rapid  a  discharge  of  the  bay  wat'er  thaii 
the  surface  was  lowered  €y]  feet  in  twenty-three  and  a  half  hours.  The  resulting 
velocity  of  current  was  enoniious,  and  there  can  be  no  doubt,  had  the  jet-ti«^  been  con- 
structeil,  that  the  scouring  force  would  have  been  sutUcient  to  have  excavated  a  deep 
ehannel  acn>ss  the  bar,  even  though  the  material  hiul  been  clay  insteail  of  sand.  Dur- 
ing the  storm  of  lh75  the  surface  <»f  the  bay  was  elevate<l  8^  feet  at  Bolivar  Point,  and 
at  the  head  of  the  bay  it  is  reported  to  have  been  eIevut«Kl  from  12  to  15  feet.  No  rec- 
ord of  the  time  occu})ied  in  its  disr.'harge  was  kept ;  but  the  force  exerted  npon  the  bar 
was  sut¥icient  to  move  the  whole  bwiy  t>f  the  bar  in  front  of  Bolivar  Channel  nearly 
half  a  mile  seaward.  But  aside  from  these  great  st-orms,  which  occur  periodioally» 
Ihere  are  during  ea<;h  year  a  number  i»f  occasions  when,  undtT  the  influence  of  strong 
northers,  the  surface  of  the  bay  is  lowennl  iu  a  few  hours  2,  3,  or  more  feet,  and  the 
resulting  force  of  the  ciUTeut  is  undoubtedly  suthcient,  with  the  concentratJon  which 
the  jetties  will  gi\e.  to  remove  the  unstable  sand  fi)rmution  of  which  the  bar  is  com- 
posed. 

It  must  be.  evi^leul  from  the  ror<»goiu<j:  that  with  the  jetties  constnicte<l  there  will 
hi"  excavated  and  niaiiitain<\l  a  ehaunel  across  the  bar  of  sufficient  depth  to  satisfv 
every  demand.  But  we  have  sei*u  that  a  good  deal  of  uncertainty  exists  as  to  the  fnfl 
extent  of  scour  which  will  take  pla<!e,  au(l  hence  economy  dictates  that  the  con8tn:c- 
tion  should  progress  in  HU<-)i  a  manner  as  to  encourage  the  greatest  amount  of  scour  in 
the  pro])OHe<l  ehanm^l,  aii<l  at  the  same  time  admit  of  a  cessation  when  the  desired 
depth  is  reached.  If  this  course  be  ]mrsue<l  there  are  good  reasons  for  hoping  that  the  en- 
tire completion  of  botl*  jetties  will  not  be  neceswiry.  An  examination  ol  the  current 
meter  curve  shows,  and  the  hist<»ry  of  the  deepening  of  the  inner  bar  proves,  that  but 
little  scouring  effect  can  be  e\]>ected  from  the  ordinary  tidal  currents;  and  an  exam- 
ination of  the  tide  and  wind  chart  shows  that  extraordinary'  discharge  current.s  occur 
-only  during  northerly  winds;  and  an  inspecti(»n  of  a  chart  showing  the  relation  of  th« 
bay  and  Gulf,  shows  that,  strong  discharge  currents  cannot  occur  with  the  wind  lying 
between  east  and  south.  An  inspe<^tion  of  the  wind  diagrams  shows  that  the  only 
strong  winds  which  will  indu(>e  a  rapid  discharge  of  the  bay  waU^r  are  northerly  onev. 
The  only  ciuidition,  therefore,  when  much  scour  can  occur  is  when  strong  northerly 
winds,  which  force  the  wat-er  out  of  the  bay,  at  the  same  time  press  the  wator  of  the 
^4ulf  against  the  north  si<le  of  the  chainiel,  and  prevent  its  water  from  diverging  north- 
ward. This  furnishes  an  explanation  for  the  faet  that  no  channel  across  the  bar  of  any 
unportan<',e  has  ever  existed  lying  anywhere  north  of  the  axis  of  Bolivar  Channel: 
^hile,  since  otlicial  reectnls,  a  number  of  good  channels  have  existt^l  the  direction  of 
whose  axes  varied  from  ex1i*»Mue  east  to  extnnne  south. 

There  can  be  no  doubt,  thorefttre,  that  the  south  jetty  is  the  imtsirtant  one.  and 
should  be  cK>nstruct4;d  iirst.  To  avoid  the  scour  which  would  Im*  likely  to  occur  at  the 
end  of  any  completed  port-ion  of  the  jetty,  it  would  se^m  advisable  to  place  the  foun- 
daticm  nuitt  ifsses  throughout  the  entire  length  before  the  superstnictnre  iBc«>muience<1. 
-By  thus  com  men'.-.  lug  at  the  bottom,  and  raising  the  height  gradually,  the  Jetty  could 
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T*cei\e  its  top  finish  at.  tmy  time  wheiieTcr  the  clias 
Hufficirnt  height  had  bt^n  reavhod. 

Wry  rpwppctfnUy,  yonr  uVdimit  servant, 
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-J 

•as 
11 

3i,aoz 

47,778 
03.^68 
7?,  JIM 
B0.40S 

»,«7 
22,450 

5g 

i2,sai 

]2,<)U 
19,770 
4a,lrtO 

Toiaol 

71,  W7 

osisea 

C3.Z13 

(2,038 
4,152 
4,231 

is 

lit,  Tai 

am 

^ 

1,433..'> 

;:S: 

o,«i).o 

»B.7M 

■7;9B 

15,077 

s 

'.'.'.'."'.'.'- 

li 

£;:::::;.: 

ii 

J::::;:::::. 

1:;;;;;;;;" 

S  :::::;:;:■ 

2:982 

i,«fi3«) 

»,.«. 

!M»,354 

748,(130 

048,714  1        117.020 

130.758 
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Cqfltofnia 

teriilandl 

3        1 
P 

s 

si!  MO 

2T;4»S 

11 
11 

Ht.  101 

7ft  M-. 
17. 109  ■ 

i 
1 

s 
S 

,(KM 

.cw 

s 

-JOQ 

1       Tr«Ue  work 
(Ork.            toreaohiiuuriiiid 
!          <rf  Jetty. 

TntBlBon 

ofjMtr. 

s 

1 

11 

J   ;  i 

I'l  i 

1 

fl 

i 

1 

tn.sm  i 

M.MT 

II  i 

ao,5aa 
«.na  1 

9s!oS7  / 

kI 

10,700  1 

ni.m 

m 

■SK 

»§.1»! 
».2W 

II  ;:::;:::::: 

lasstt 

i>jB  ■;::::::::; 

IR  l:i5 

B6i,:;w 

7ea,47a 

'■■■  '•» 

7177!  :         7,(H» 

KI.IM 

Wl.OH 

SW.MI 

^iiNUKirir  a/'  i-gtimatea  for  wslh  jeilg. 


5.1^,072  ciiliic  luet  coustruction,  at  2  veute 117,621 

15,160  liuear  feet  pile-work  in  tottv 79,773 

7.fKXi  linear  feet  iiilu-woili,  atJJTi.aOf 37,137 


AiW"^  per  cent,  foi'  toiitiiij'i'iicios,Mi|W'i'intt;iiik'n<'t;, 
TotuI  cstiuiati-d  ciwt  of  jptty 


.   1.173.7(« 


If  hcnrtinK  mattrraijoa  i:a<i  lip  nacd,  tlits  Hiimmary  will  lie  as  follows: 

1,535,139  ciibiv  feet  funndatiou  mattresHes,  at  6^  cents f99,7M 

8,1^0,320  cahic  feet  lioarting  mattresses,  at  6^  cents 186, 5>l 

00,0811.4  cable  yanln  HtvDe,  ut$4 360,354 

6.i^,S4ti  cnbiu  feet  constrnction,  at  2  cunts — .  136,737 

15,1601lDearfcetiino-workin  tcthr 79.77^ 

7,000  linear  feet  pila-work  to  reach  jetty,  atfr^SOj 37, 1» 


Add20  jicj-  cent,  for  cm  tin  ;;<:  DC  ins,  Nniierinteiiilence,  Ac 

Total  estimateil  i'»at  of  jotty 
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108.  fiU 

i 

42.020 

H 

Satamarg  of  etHmaUifor  north  jettg. 

037,440  oabio  feet  foundation  mattreasea,  at  S^ceota $60,931 

lU^t3.1  cubic  yards  etoue,  at  $4 448,892 

3,067,467  cubic  feet  coQstructioD,  at  3  cents 79,349 

589,175 
.Add  90  per  cent,  for  contingencies,  eaperintendenoe,  &o 117,835 

ToUl  estimated  cost  of  jatty 707,010 

If  hearting  mattrsBses  can  be  used,  tlie  sammaiy  will  be  iw  fbllows: 
937j440  oabio  feet  foundation  nlAttresses,  at  61c«nte 160,934 

Sl<7,823  onbic  feet  hearting  mattresses,  at  61  cento 139,600 
aH.5  onbio  yards  atone,  at  $4 336,769 

^683,409  cubic  feet  constmction,  at  3  cents 93,668 

8,090  linear  feet  pile-work,  atfri.SO 17,798 

648,771 
'    Add  SO  per  cent,  for  contiugonctes,  enperintendence,  Ao 109,754 

Total  estimated  cost  of  Jettf 658,5% 

77  b 
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lUftSUlCft  OF  XSTIlfATBO. 

Foundation  mattresses  and  stone  alone  being  used: 

Sonthjetty $1,173,786 

Northjfetty 707,010 

1,880,796 
Add  30  per  cent,  for  probable  changes  in  side  slope 564,239 

2,445,036 

Add  plant : 

1  tug-boat 120,000 

2  barges,  100  by  40  feet 5,000 

6  barges,  100  by  40  feet 12,000 

4  barges,  bO  by  30  feet 2,000 

Platform 1,000 

40,000 

Total  estimated  cost 2, 495,  OSS 

Possible  deductions : 
Pile-work,  south  jetty 116,907 

Total 2,378,128 

Foundation  mattresses,  hearting  mattresses,  and  stone  being  used : 

Sonthjetty |1, 080,448 

North  jetty 658,685 

For  both  jetties 1,738,973 

Add  for  10  feet  increased  width  of  foundation  mattress,  $2  per  running  foot .  46, 840 

Plant 40,000 

Total  cost 1,825,813 

Possible  deductions: 

Excessive  compression  allowed  in  the  estimate |71, 090 

Pile-work,  if  it  proves  unnecessary 134,705 

If  gabions  on  hand  be  used 42,726 

248,521 

Aggregate 1,577,292 

Estimated  cost  per  running  foot  for  each  fool  depth  of  $outh  jetty. 


Foundation 
mattresses. 

1 

Hearting 
mattresHes. 

Stone. 

Construction  at  2 
eents    per    onbic 
fioot 

I>epth  in  feet. 

4i 

V 

3 

0 

*  CP  o 

00  S  0 
O  u  U 

i 

o 

0 

1 

i 

1 

1 

61 

57 

63 

69 

75 

81 

06 

103 

110 

120 

128 

135 

$3  82 

3  71 

4  10 
4  49 
4  88 
6  27 
6  24 

6  70 

7  15 

7  80 

8  32 
8  78 

0.68 
1.20 
1.77 
2.00 
2.67 
2.99 
4.98 
&91 
&92 
&01 
0.12 
10  24 

$2  62 

4  80 

7  08 

800 

10  28 

1106 

10  02 

28  64 

27  68 

82  04 

86  48 

40  06 

-  ■ 

$1  86 

1  80 

2  48 

3  81 

4  67 
605 
8  60 

10  56 
12  76 
15  01 
18  81 
21  84 

#7  20 
10  31 

2 

3 

7.8 

19.5 

53.4 

84.3 

116.3 

159.6 

207.2 

27.'5.6 

340.2 

411.8 

$0  51 

1  27 

3  47 

5  48 

7  56 

10  87 

13  47 

17  91 

22  11 

26  77 

14  17 

4 

17  07 

5 

28  80 

tl 

28  76 

7 

42  21 

8 

61  27 

9 

10 

61  m 
78  61 

11 

86  72 

12 

06  85 

KoTS.— The  height  of  the  structure  is  1  foot  greater  than  is  shown  in  the  flrat  oolnnm,  tills 
haying  been  allowed  for  settlement. 
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D. 

ANALYSIS  OF  CURRRNT  METER  REPORT  OF  MR.  H.  C.  RIPLEY,  ASSISTANT  ENGINEER. 

Bolivar  Point,  Tex.,  June  30,  1880. 

Captain  :  I  have  the  honor  to  submit  the  following  analysis  of  a  cnrrent  meter 
together  with  some  remarks  concerning  velocities  of  the  current  during  the  ebb  and 
flow  of  the  tide. 

It  must  have  occurred  to  every  one  who  has  made  the  subject  of  harbor  improve- 
ments a  study  that,  while  the  subject  of  tides,  as  regards  rise  and  fall  and  duration, 
has  been  exhaustively  investigated  and  discussed,  the  more  important  consideration 
of  velocities  has  been  most  woefully  neglected. 

In  the  consideration  of  the  impi^vement  of  the  entrance  to  a  tidal  harbor  the  most 
important  factor  is  the  velocities  of  the  tidal  currents.  For  the  purpose  of  determin- 
ing this  element  of  tidal  phenomena,  I  have  devised  a  current  meter,  which  is  at- 
tached to  a  self-registering  tide  gauge,  and  by  this  means  a  continuous  record  of  the 
Telocities,  as  well  as  the  nse  and  fall  of  the  tide,  is  obtained. 

The  meter  consists  of  a  vertical  shaft,  free  to  revolve  horizontally,  extending  from 
near  the  bottom  up  into  the  house  where  is  placed  the  recording  apparatus.  At  a 
point  on  the  shaft  midway  between  the  bottom  and  the  surface  of  the  water  at  mean 
low-tide,  an  arm  projects  at  right  angles  to  the  shaft,  upon  the  outer  end  of  which 
is  a  flat  disk  or  vane  so  placed  as  to  receive  the  pressure  of  the  current  upon  its  face. 
Near  the  upper  end  of  the  vertical  shaft  are  placed  three  horizontal  circular  disks, 
TtpOD.  the  peripheries  of  which  are  grooves,  which  admit  small  c<nrds,  which  pass 
around  them.  To  two  of  the  cords  are  attached  counter  weights  so  adjusted  as  to 
imid  to  keep  the  arm,  with  its  vane,  at  right  angles  to  the  direction  of  the  current. 
To  the  third  cord  is  attached  a  small  weight,  after  it  has  passed  over  a  pulley  near 
the  recording  apparatus,  and  by  means  of  a  pencil  also  attached  to  this  cord,  and 
moving  along  the  roll  of  paper  in  the  recording  apparatus,  the  angular  movement 
of  the  vertical  shaft  is  recorded.  The  record  uius  made  is  a  curve,  of  which  the 
abscissas  are  in  time,  and  the  ordinat^s  are  functions  of  the  angular  movements  of  the 
Tertical  shaft.  In  fact  they  are  the  development  of  portions  of  the  circular  disk 
flroond  which  the  cord  which  carries  the  pencil  passes,  and  their  lengths  are  deter- 
mined bv  the  angular  movements  of  the  vertical  snaft.  It  becomes  necessary,  there- 
ftve,  to  determine  the  relation  of  the  velocity  of  the  current  to  the  lengths  of  the  ordi- 
nfttes  of  the  meter  curve. 


Ijet  F=the  force  of  the  current,  and 


We  have  (see  Trautwine,  page  571) — 

y,.y/2  ..  F:F'. 

Bnt 

F=— andF'=    ^ 


cosa 


cos  a' 


1220    REPORT    OF    THE   CHIEF    OF   ENGINEERS,    U.    8.   ABMT. 
Hence 


cos  a 


y^=Y:'yo?< (1) 

COS  a 

The  size  of  the  cii'cular  disk  which  govorus  the  inovemeut  of  the  pencil  is  such  that 
a  movement  of  the  vaue  through  an  arc  of  20^  gives  an  ordinate  to  the  meter  curve 
equal  to  1  inch.  If,  therefore,  we  represent  any  ordinate  of  the  curve  by  a,  and  the 
particular  ordinate  correH])ondiug  to  a'  by  a',  we  shall  have 

a  =  20^  X  a  and  a'=20<^  X  a'  and  eq.  (1)  becomes 

y,_V'-CO8(20^Xa)  ,g. 

From  a  single  observation,  or  the  mean  of  a  number  of  observations,  we  can  deter- 
mine the  value  of  V,  and  by  noting  the  corresponding  value  of  a'  we  can  reduce  the 
numerator  of  the  second  number  of  eq.  (2)  to  a  constant  of  simple  fonn.  In  case  of 
the  instrument  now  in  operation, 

V'=^cos(20^Xa')  =  .642, 

Which  reduces  eq.  (2)  to  the  form 

V« i^?  (*\\ 

""cos(20Oxa) ^^ 

It  is  a  simple  matter,  therelore,  to  tind  the  value  of  Y  from  eq.  (3).  By  finding  the 
value  of  V  for  various  values  of  a,  we  can  construct  a  scale  by  means  of  which  the 
value  of  V  can  be  determined  at  once  bv  taking  the  measure  of  a  from  the  meter  cnrve 
and  applying  it  to  the  scale.  This  will  give  the  value  of  V  in  feet  per  second  or  miles 
per  hour,  according  as  Y'  was  determined  in  feet  per  second  or  miles  per  hour. 

If  a  =  0  eq.  (3)  becomes 

V«=   -^^  =  .642 (4) 

cos  (P  ^^ 

and  V=  .80125  foot  per  second,  which  shows  that  it  requires  a  velocity  of  .(^125  foot 
j)er  second  to  equilibrate  the  counter-weight,  and  hence  any  velocity  smaUer  than  A 
of  a  foot  per  second  will  not  be  registered.  In  the  practical  working  of  the  instrument 
a  slight  stretchinjj  of  the  cord  allows  the  pencil  to  move  slightly  to  one  side  or  the  other 
of  the  slack  tidc-linc,  and  so  indicates  whether  the  tide  is  running  Hood  or  ebb.  One 
advantage  of  this  meter  is  its  absolute  freedom  from  an  element  of  friction,  provided, 
of  course,  that  the  friction  of  the  parts  are  not  far  beyond  the  possibilities  of  easy  con- 
struction. As  have  been  shown  by  the  records  of  this  apparatus,  there  is  a  succession 
of  impulses  in  the  current  sufhcient  to  overcome  all  ordinary  or  necessary  friction. 
The  meter  curve  is  not  a  cloHely-detined  line,  but  a  heavy  shaded  one,  showing  a  con- 
tiikued  oscillation  of  the  vane  through  a  small  arc. 

The  friction  then  would  only  tend  to  diminish  this  oscillation,  and  the  center  of 
the  heavy  shaded  line  would  give  the  absolute  velocity  of  the  current,  the  friction  of 
the  ai>paratuH  having  been  eliminated.  One  disadvantage  of  the  instrument  is  its 
inability  to  record  a  great  range  of  velocities.  To  measure  a  very  small  velocity  it  is 
necessaBy  to  increase  the  proi)ortiou  of  the  size  of  the  vane  to  the  counter- weights. 
But  for  the  i>urpose  for  which  it  is  here  used  small  velocities  are  unim]M>rtant  so  long 
as  they  are  known  to  be  such.  * 

Herewith  transmitted  is  a  specimen  of  the  record  for  a  half  nodical  period  from  the 
des<'ending  node  April  21,  G  p.  m.,  to  the  ascending  node  May  4,  9.35  a.  m.  The  record 
for  any  other  similar  period  gives  a  similar  curve,  although  possessing  peculiarities  of 
its  own.  The  curve  here  presented  is  a  characteristic  one,  and  furnishes  information 
about  the  tides  which  it  would  not  be  easy  to  obtain  by  other  means.  In  discussinir 
this  curve,  however,  it  should  be  rememberexl  that  the  location  of  the  meter  is  not  the 
most  favorable  one  for  obtaining  high  velocities,  and  it  is  possible  that  if  placed  upon 
the  bar  or  in  Bolivar  Channel  the  curve  would  show  characteristics  not  suowu  in  t£e 
present  location  of  the  meter.  Its  present  locjation  is  in  the  bay  at  one  side  of  the 
wharf,  in  about  6  feet  of  water  and  about  2011  feet  from  the  shore.  The  current  to 
reach  the  meter  has  to  pass  over  a  shoal  with  but  3  to  4  feet  depth  of  water  and  tbronirh 
the  piling  of  the  wharf.  * 

Alter  making  all  due  allowance,  however,  for  the  defective  location  of  the  motor,  yet 
we  have  an  interesting  and  instructive  record.  It  will  be  seen  that  for  about  one-fifth 
of  the  time  (near  the  nod<')  there  is  no  current  excee<ling  eight-tenths  of  a  foot  per 
M4>cond;  but  that  midway  between  the  nodes  the  currents  are  mnch  stronger,  lion 
particularly,  however,  will  be  noticed  the  short  duration  and  strength  <»f  the  ebb  ciir- 
HMits  compared  to  long  <luration  and  weakness  of  the  flood  currents.    It  will  fhrthor 


DUaBlM    OF  WIND  AT  OALVKSTOIT  HABBOB, 
TBXAS. 


1h«  ftin  line  ■hom  Ae  qoanttty  of  wind,  and  tiie  dotted  line  ■hows 
tk»  oorraiptMidiiig  tine.  1a»  waie  for  the  wind  is  in  miles  uid  for  the 
tiMe  is  in  honis ;  the  clreimferenoe  of  the  small  circle  at  the  center  of 
th«  eonpttsa  mae  bein;  the  zero  of  the  soda. 


JANUARY,  1880. 

e  traveled  from  all  directions 9, 832  m. 

.TMalhoora 738 

Meaa  TelooitT  per  how 13.3m. 

~       d  of  6  houTH  lost. 


I 

I 


DUGRAM    OF  WIND  AT  GALVB3T0N  HARBOB, 
TBXAS. 


ISia  fUl  line  shora  th«  quaiititr  of  wind,  aad  the  dotted  line  iliow* 
tiie  oorreap(Hiding  ttma.  TIla  scale  for  tfae  wind  la  in  initea  and  Cor  the 
time  is  in  hours ;  the  ciroaoiferenoe  of  the  aoiall  ofrole  at  the  center  of 
the  oompaas  rose  b^og  the  sero  of  the  scale. 


PEBRUART,  1880. 

Dictaaoe  tnreled  from  all  direotions 9, 664  m. 

Total  hoars (S&2 

MeMi  velocity  per  hour ■.1^.96d 

Beoord  of  4  horns  loet 


DUGRAU    OF  WmD  AT  GALVESTON  HARBOR, 
TEXAS. 


IRie  fall  line  shows  the  qnaatHy  of  wind,  and  the  dotted  line  showg 
ttie  oomspODditig  time.  Tke  scale  for  the  wind  it  in  mileb  and  for  the 
time  U  in  honu ;  the  circumference  of  the  small  circle  at  tlie  center  of 
file  oompasa  rose  being  the  zero  of  the  scale. 


MARCH,  1880. 


Diitanoe  traveled  from  all  directions I2,4S7m. 

Totri  hours 743 

Heaii  Telodtj  per  hoar :t6^m. 

Becoed  of  1  hoar  lost.  : :'-': 


DUGBA.U    OF  WIND  AT  GALTBSTON  HABBOR. 
TEXAS. 


nu  fdll  lias  Bhowg  the  qoAotity  of  vind,  and  tba  dotted  Une  showi 
tha  oorreapoDdlDg  tims.  The  scale  for  the  wind  is  in  duIm  and  for  the 
time  is  iu  hour  j ;  the  ciroainferenoe  of  the  snuU  oirole  at  the  center  of 
the  ooiapass  rose  beia^;  the  zero  of  the  scale. 


APRIL,  1880. 


Distance  traveled  flrom  ^  directions U,814iii. 

Total  horns 720 

MeMi  Telocity  per  bonr "iftlSm. 


i 


DUQBAH    OP  WIND  AT  GALVESTON  HARBOR, 
TEXAS. 


nie  full  line  shows  tlie  qnantitf  of  wind,  and  the  dotted  line  ahom 
the  ooireapondiug  time.  The  scale  for  the  wind  ia  in  mites  and  fi>r  tba 
tinta  is  in  lionn ;  the  drcnmference  of  the  small  oirole  at  the  oeater  of 
tbB  eompasa  rose  being  the  zero  of  the  scale. 


DivUnoe  tnveled  from  all  diieQtions ll,145in. 

TnUluHirs 732 

jperhonr 16.23  m. 

d  «  12  boon  lost. 


i 


^   ^ 


DUGRIH    OP  WIKD  AT  GALVBSTON  HARBOR, 
TEXAS. 


The  flill  line  sbows  the  qiuatitjr  of  wind,  and  the  dotted  line  shorn 
tlie  oorrespoQding  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
time  is  ia  hoan ;  the  clrcamforeace  of  the  small  circle  at  the  center  of 
the  compass  roue  being  the  soro  of  tlie  scale. 


DistADce  traveled  from  M  dire>cti<ms  . 

Total  hours    

Mean  velocity  per  tionr    .   

Beoord  of  25  Itonrs  lost. 


DUORAM    OP  WIND  AT  GALVESTON  HARBOR, 

TEXAS. 


Hlb  fall  line  shows  tlie  qaantitj'  of  wind,  and  the  dotted  line  showB 
the  oormpondiug  ttmo.  The  scale  for  the  wind  is  in  inilea  and  fbr  the 
time  is  in  hours;  the  circnuiference  of  the  small  circle  at  the  oatt«r  of 
tiie  compass  i-ose  being  tit^zera  of  the  scale. 


JULY,  1879. 

Diatancfl  troveted  from  all  directions 11, 471  m. 

Total  hoiirs 72<   ; 

Mean  velodty  per  hour 16.84ii('- 

S«ooffdof  20.liourtilofit.  '"':' 


ll 

ll 


DUGSAH 


OP  WIND  AT  GALVBSTOIf  HARBOR 
TEXAS. 


Ths  ftill  liiM  ahowa  the  quantity  of  wind,  and  the  dotted  line  ■hom 
tte  oomopoDding  time.  The  scale  for  the  wind  is  in  miles  and  fi)r  the 
time  is  in  hours ;  the  oiroamferenoe  of  the  small  oirele  at  the  center  of 
the  oompass  rose  bein;  the  zero  of  the  scale. 


AUGUST,  iSyg. 


Diatanoe  traveled  fh>m  all  directions  . 

Total  boon 

Hean  velodbr  per  honr  

Beoord  ot  3  hours  lost 


10,3S8in. 

741 

14.02  m. 

DIAOSiiH 


OP  WIND  AT  GALVESTON  HARBOR, 
TEXAS. 


Tba  ftiU  Use  shows  the  quantity  of  wind,  and  the  dotted  line  ihowa 
Ob  eorrHpondlng  time.  Tke  scale  for  the  v'md  is  in  miles  xad  for  the 
tine  i*  in  htnirs;  the  cirontaferenoe  of  the  small  oirele  at  the  center  of 
the  oompass  roae  being  tbe  zoro  of  the  scale. 


SEPTEMBER,  1879. 


DiitMoe  traveled  from  all  directions 8,6S3tr 

Total  honn 720 

)f«Mi  TolocitT  per  hour :  Jjay  n 


DUGRAM    OF  WIND  AT  GALVESTON  HARBOR, 
TEXAS. 


The  fall  line  shows  tlie  qnantit;  of  vind,  and  the  dotted  line  ahoira 
the  oorreapondiug  time.  The  scale  for  the  wind  ia  in  miles  and  for  the 
time  ia  in  houra;  the  circnmference  of  tlie  stnall  circle  at  the  center  of 
the  comi>a38  i-ose  being  Uie  zero  of  tiie  scale. 


OCTOBER,  1879. 


Distance  traveled  fVom  all  directions 0, 738  m. 

Total  hours 714 

Mean  velocity  per  hour 13.63  m. 

Becord  of  30  boiirs  lost. 


DUOBA.M    OF  WIND  AT  OALTBSTON  HIBBOS, 
TBXAS. 


Ttu  fiiU  Una  shows  the  qaantity  of  wind,  uLd  ths  dotted  line  shows 
Ha  oorresponillng  time.  The  scale  for  the  wind  is  in  miles  and  for  the 
tine  Is  in  hoars ;  the  ciroamference  of  the  small  oiiole  at  the  center  of 
ttie  oompass  rose  being  the  sero  of  the  scale. 


NOVEMBER,  1879. 


Distance  traveled  from  all  directions 9,903  m. 

Totalhonnt  690 

Heao  velocitj  per  hour   14.35  m, 

Beconl  of  30  hoare  lost. 


k 


DUGRAM    OF  WIKD  AT  GALVESTON  HARBOR, 
TEXAS. 


The  ftm  liiiA  ahows  the  qoantjty  of  wind,  and  ths  dotted  tiiio  ■hoira 
the  oomapoading  time.  The  scale  for  the  wind  is  in  miles  uid  for  the 
time  ii  ia  hoars ;  the  ciroanifereaoe  of  the  small  circle  at  the  center  of 
tte  oompa«a  rose  being  the  esto  of  the  scale. 


DECEMBER,  1879. 


from  all  directions 9, 056  n 

Total  hours 637 

velocitT  per  hoar .  ,  14^  n 

Zteoont  of  107  hours  lost.  :  : .,.. 


DIAGRAM    OF  WIND  AT  GALTESTON  HARBOR, 
TEXAS. 


Tha  ftall  line  ahom  the  qaftutitf  of  vind,  and  the  dott«d  line  ihowi 
Ifce  oorrespanding  time.  The  scale  for  the  wind  ia  in  miles  and  for  tlw 
time  ia  in  hoon ;  the  ciroamference  of  the  sm^  oirale  at  the  center  ol 
a  rose  l>eing  the  sero  of  the  scale. 


WHOLE  YEAR. 


Dtotaaoe  traveled  fimm  all  directions 126, 470  n 

Itotalhonre 8,646 

Mean  Telociif  per  hoar ■  1^.79  n 

Beoord  (tf  238  home  lost.  :';': 


DIAGRAM  OF  WIND  AT  GALVfiSTON  HARBOR, 
TEXAS. 


The  dtdnutM  abow  the  qiuuitity  of  wind  in  miles,  and  the  abscissas 
■how  the  time  in  moaUu. 


I 
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be  observed  that  tho  ebb  current  attAius  its  raaxiiDiim  velocity  when  the  tide  has 
reached  a  stage  about  half  way  between  high  tide  and  low  tide,  and  that  the  current 
continues  strong  until  low  tide  is  reached,  and  that  it  still  continues  ranning  ebb  for 
a  short  time  (with  less  strength)  after  the  tide  has  commenced  to  rise.  With  regard 
to  the  flood  tide,  it  will  be  seen  that  the  duration  of  high  velocities  is  very  short,  while 
a  moderate  velocity  continnes  many  hours.  A  very  interesting  peculiarity  of  the  tidal 
current  is  hero  well  illustrated,  and  thjit  Ih  the  sudden  changes  in  velocity  which  occur 
repeati'dly.  These  pulsations  are  not  confine<l  to  either  stage  of  tide,  but  are  more 
namerous  during  flood  than  during  ebb  tide. 

This  same  ])eculiarity  has  been  noticed  at  San  Francisco  Harbor  by  Lieutenant 
Payson.  (See  Report  of  Chief  of  Engineers  for  1878,  Part  II,  page  1317. )  A  curious  and 
somewhat  exceptional  behavior  of  the  tide  is  exhibited  by  the  curve  for  the  i^th  of 
April,  at  about  10  a.  m.  The  tide  was  rising  rai>idly  when  suddenly  a  strong  ebb  cur- 
rent was  set  up,  which  lasted  for  about  an  hour  without  any  apparent  cessation  in  the 
rising  of  the  tide. 

V«»ry  respectfully,  your  obedient  servant, 

H.  C.  Ripley, 

Aseistant  Engineei', 

Capt.  C.  E.  L.  B.  Davis, 

Corj)H  of  Engineers,  t\  S.  A. 


E. 

DIAGRAMS    OK    WIND    AT    GALVESTON    HARBOR,    TEXAS,    FROM    JUNE,    1879,    TO    MAY, 

1880,   INCLUSIVE. 

The  full  line  shows  the  quantity  of  wind  and  the  dotted  line  shows  the  correspond- 
ing time.  The  scale  for  the  wind  is  in  miles  and  for  the  time  is  in  hours — the  circiim- 
lerence  of  the  small  circle  at  the  center  of  the  compass  rose  being  the  zero  of  the  scale. 

Upon  the  rectangular  diagram  the  ordinates  show  the  quantity  of  wind  in  miles, 
and  the  abscissas  show  the  time  in  months. 


report  of  the  board  of  engineers. 

Army  Building, 

New  YorJcj  June  7,  1880. 

General  :  By  department  letter  of  March  30, 1880,  there  were  trans- 
mitted to  the  Board  constituted  by  Special  Orders  63,  Headquarters 
Corps  of  Engineers,  series  of  1879,  for  its  consideration  in  connection 
with  the  recommendations  made  in  its  report  of  Auffust  9,  1879,  upon 
GaJreston  Harbor  piers,  M^or  Mansfield's  letter  or  March  25,  1880, 
and  that  of  his  assistant,  Mr.  Eipley,  of  March  22,  setting  forth  and 
recommending  a  method  for  di8i>osing  of  all  cement  gabions  now  on 
hand.  This  reference  virtually  opens  the  whole  question  of  the  improve- 
ment .of  the  entrance  to  Galveston  Harbor,  and  involves  an  analysis  of 
the  methods  hitherto  used  in  constructing  the  piers,  as  well  as  determi- 
nate recommendations  as  to  processes  advisable  for  their  future  con- 
straction. 

The  project  for  improving  the  entrance  to  Galveston  Harbor,  Texas, 
as  devised  by  Major  Howell  in  1873,  had  for  its  object  the  removal  of 
the  inner  bar  between  Fort  Point  and  Pelican  Spit,  and  deepening  the 
outer  or  Gulf  bar  from  12  to  18  feet,  possibly. 

The  first  he  proposed  to  eff'ect  by  continuing  the  city  dike  to  the  north- 
east to  the  verge  of  the  Bolivar  or  Cylinder  Channel,  thus  causing  a 
contraction  of  the  water-way  over  the  inner  bar,  sufficient  to  remove  it 
by  the  scouring  process.  The  second,  by  prolonging  this  dike  directed 
seaward  to  the  outer  slope  of  the  Gulf  bar,  and  by  constnictiug  a  simi- 
lar and  parallel  dike  from  Bolivar  Point  seaward. 

As  there  were  at  that  time  no  stone  quarries  opened  or  known  in 
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Texas,  accessible  by  railroad  or  by  navigable  water  roates,  and  as  trans- 
portation from  the  north  was  very  costly,  Ms\jor  Howell  devised  and  pro- 
posed the  use  of  a  gabion,  covered  on  the  inside  and  ontside  with  hy- 
draulic cement,  to  be  filled  with  sand,  to  take. the  place  of  stone  in  the 
construction  of  the  projected  piers.  He  thus  describes  his  system  in 
his  report  of  December,  1873 : 

Th0  jetties  arc  to  be  made  of  cemeut-covered  gabions.  The  gabioms  are  to  be  6 
feet  in  diameter  and  6  feet  high,  two  rows  in  each  jetty ;  aU  to  be  fastened  together 
by  copper  wire  at  the  tops,  and  filled  with  sand  by  a  dredge-boat  alongside  as  they 
are  placed  in  position.  They  may  be  called  submerged  jetties,  since  they  wiU  not,  ex- 
cept on  a  short  portion  of  their  lines,  be  built  up  to  the  plane  of  mean  low  tide,  whUe 
for  the  greater  part  their  tops  will  be  5  or  6  feet  below  that  plane. 

The  present  area  of  discharge  over  the  bar  is  411,184.25  square  feet.  The  contracted 
area  will  be  274,112  square  feet,  the  former  measured  along  the  crest  of  the  bar,  and 
the  latter  along  tlie  jetties  and  that  portion  of  the  crest  between  them. 

The  jetties  are  exi>ected  to  act  as  training-walls  for  the  lower  ebb  current,  while 
the  upper  will  pass  over  them.  They  are  calculated  to  give  a  depth  on  the  outer  bar 
of  between  IS  and  19  feet,  and  at  the  same  time  onlj'  confine  and  direct  so  much  of  the 
ebb  and  flood  currents  as  may  be  useful,  thus  ]^)reventing  as  great  advance  of  the  bar 
gulfward  as  might  be  expected,  were  the  jetties  built  up  to  the  plane  of  mean  low- 
tide  ;  further,  making  them  less  expostnl  to  the  destructive  action  of  storms,  giving 
them  less  wei^^ht  to  siuk  them  into  the  unstable  material  offered  for  a  foundation,  and 
making  them  less  expensive. 

It  is  thought  thesi^  jetties  will  si^rve  to  catch  the  drifting  sand  bronght  by  the  littoral 
currents  until  they  are  covered  by  it,  and  that  afterwards  the  saud.wiU  be  carried 
over  them  rather  than  around  their  ends. 

Tliis  project  refeiTed  in  January,  1874,  by  the  Chief  of  Engineers  for 
consideration  and  report  to  a  special. Board  (8.  0. 9, 1874)  was  approved 
as  to  the  general  plan,  though  doubts  were  expressed  as  to  the  suooess- 
ful  use  of  the  cemented  gabion — the  specialty  of  the  project.  (See  report 
dated  January  31,  1874.)  In  fact,  it  wiis  not  thought  that  the  gabion 
would  be  a  suci^ess  unless  covered  by  drift  sand,  as  anticipated  by  M^jor 
Howell.  As,  however,  economy  of  construction,  the  apparent  merit  of 
the  proposed  plan,  depended  upon  the  use  of  the  gabion,  its  trial  was 
recommended,  first,  in  the  Fort  Point  Jetty,  commencing  at  its  junc- 
tion with  the  city  dike,  afterwards  on  the  shore  end  of  the  Bolivar  Jetty, 
and  tinally  in  the  construction  of  300  to  500  feet  of  its  outer  end  on  die 
most  exposed  portion  of  the  Gulf  Bar. 

The  iirst  trial  of  the  cemented  gabions  was  made  in  November,  1874, 
nineteen  of  which  were  set  in  ])rolongation  of  the  city  dike.  These  were 
exposed  to  a  severe  storm  during  tlie  4th,  5th,  and  0th  days  of  Decem- 
ber, without  being  displaced  or  injured.  In  fact,  they  were  nearly  buried 
by  drift  sand.  The  engineer  in  charge  of  the  construction  looked  npon 
this  test  as  establishing  the  gabion  stnicture  as  a  success,  and  in  oonse- 
quence  the  subject  was  referred  back  to  the  Galveston  Harbor  Boaxd 
for  their  opinion  thereon.  That  Board,  however,  did  not  regard  the  teat 
suihcient,  and  therefore  reiterated  their  opinion  that  the  full  trials  rec- 
ommended in  their  report  of  January,  1874,  should  be  carried  out. 

From  December,  1874,  until  the  14th  of  September,  1875,  work  on  the 
Fort  Point  jetty  wiis  continued  under  the  direct  and  active  supervisicm 
of  Lieutenant  (juinn,  during  which  time  530  gabions  were  placed,  aod 
about  1,LMK)  feet  length  of  breakwater  constructed.  It  was  found  neces- 
sary to  place  the  gabions  in  two  rows,  connectied  by  cross- wails  and  aap- 
ported  on  the  channel  side  by  frequent  short  spur-dikes. 

Thus  placed,  drift  sand  was  collected  and  undermining  prevented ;  but 
the  system  cAinsumed  nearly  as  many  gabions  as  four  rows  side  by  side 
would  have  done. 

It  was,  however,  a  diiticult  position  in  many  resi)ects,  and  especially 
on  account  of  the  rapid  rush  of  the  current  along  the  inner  face  of  the 


^Bn«ali 
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lakwater;  and  to  theso  lulverse  conditiutia  the  large  number  of  gabions 
ased  and  greater  cost  of  structure  were  dwn — conditiaus  against  wUieh 
it  would  have  heeu  necessary  to  provide  had  any  other  kind  of  break- 
water beeu  attempted  iu  that  position. 

The  almost  unprecedented  gale  of  the  14th,  15th,  and  16th  of  Septem- 
ber, 187.5,  destroyed  nearly  all  the  plant  and  material  on  hand,  causing 
a  loss  estimated  at  $50,UO0,  Some  marked  changes  iu  shore  lines  and 
cbaunels  were  pi'odueed  by  the  storm,  a  large  portion  of  the  city  dike 
destroyed,  and  all  more  or  less  damaged. 

In  December  following  the  projeet  of  the  Galveston  improvement  was 
referred  back  to  the  Board  for  reuonsideration,  and  for  modification 
should  it  bo  deemed  neceissary,  in  view  of  the  damages  and  cliauges 
produced  by  the  gale.  It  appeared,  however,  from  examination  that  5ie 
gabionuade  thus  far  built  had  been  entirely  covered  with  drift  aand  and 
had  thus  escaiied  injury,  and  that  no  changes  had  occurred  in  channels, 
shore  lines,  &c.,  of  sutheient  imiKirtance  to  necessitate  any  change  in  the 
project  or  methods  of  construction.  The  Board  therefore  athised  no 
modiflcjitionJif  plan,  but  reiterated  their  former  recommendation  in  ref- 
erence thereto..  Though  the  test  of  the  gabion  had  been  satisfactory  so 
fiir  as  applieil,  they  were  careful  to  say  that  it  "  should  not  be  adopted 
definitively  for  the  main  works  "  jrntil  subjected  to  all  the  tests  pi-esoribed 
in  their  previous  reports,  adding  their  opiiuon  that — 

The  use  of  those  galiioiia  iu  e^tpoaed  aitiintionB  enn  lie  ntteoiled  with  success  only  in 
case  they  shall  ha  hood  covered  hy  i[w  ilrifliiig  sands,  an  sa  tn  prot«ot  them  from  in- 
jury fruin  tho  uoiuiTiiitHl  m^Iioii  of  wiives,  Iriiin  thu  shook  of  Hoadiig  bodiea,  anil  froin 
nil  other  cuiiHeH  wUiih  iiii^lit  tciiil  to  disru|it  thi^iii  auil  alhiw  thmr  sand  GUiag  to  es- 
cape. When  si>  [Totei'tpd  ihcy  will  roirii  a  uuoleu.s  for  the ssnd  ridges  as stahle  anil  as 
permnnent  as  if  of  stmi^  or  potiprolo.  But  if  Jiot,  so  protePtpd,  these  gnbioii  Hinittiiras 
will  bo  uuustautly  liable  to  injury  aod  iu  time  to  decay,  when,  losing  their  eauil  tilling, 
the  stniuture  would  soon  be  washed  away.  That  the  proposed  jetties  will  he  eo 
covered  seems  prabahle.  bat  can  be  determined  only  by  tnal  such  as  wc  have  recom- 
mended. 

In  the  spring  of  1870,  the  plant  destroyed  by  the  storm  of  September, 
1S75,  wsui  replaced  and  a  new  depot  on  Bolivar  Point  established,  where 
large  quantities  of  material  were  collected  and  prepared  for  resuming  the 
tlie  consti'uction  of  the  jetties. 

Tlie  expenditures  for  the  above  purposes  cousumed  the  balance  of  the 
secoud  appropriation  and  caused  cessation  of  work  early  in  July.  Witti 
the  third  appropriation,  which  did  not  become  fully  available  until  Feb- 
ruary li-',  18T7,  the  city  dike,  destroyed  by  the  gale  of  1875,  was  restored 
aud  1,000  feet  length  of  the  Fort  Point  gabionuade  constructed.  This 
south  dike  was  thus  prolonged  te  the  verge  of  Bolivar  Channel  as  &f 
north  as  it  was  intended  te  reach.  As  was  anticipated,  its  construction 
contracted  tlie  water-way  between  Fort  Point  and  Pelican  Spit  Shoals, 
aud  thus  causetl  tlie  scouring  away  of  the  inner  bar  to  a  depth  of  ^0  teet 
at  mean  low-tide. 

Simultaneously  with  resumption  of  work  on  the  south  pier  the  Bolivar 
Point  jetty  was  oonmienced  at  its  inshore  end,  and  for  a  length  of  S13 
feet  was  Formed  with  a  double  row  of  piling.  This  piling,  however,  in 
spit©  of  all  efforts  made  to  save  it  by  ballast  thrown  in  along  its  base, 
was  undermined  and  Wiwshed  away  by  the  gale  of  the  following  Septem- 
ber. 1877. 

The  gabionuade,  which  had  also  been  commenced  in  prolongation  of 
the  pile  structure,  withsteod  the  storm.  Gabions  12  feet  long,  6  lieet  wide 
6  feet  deep,  with  semicircular  ends,  were  placed  lengthwise  iu  a  single 
row  at  lirst  upon  the  taxud  bottom,  afterwards  upon  reed  mats  about  3 
inches  thick,  gi^'ing  au  apron  6  teef  wider  on  eithei*  side  than  the  ga 
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bionnade.  This  apron  was  ballasted  by  concrete  blocks.  The  jetty  as 
thns  fonned  up  to  Jane  1, 1879,  had  been  extended  seaward  to  a  dis- 
tance of  abont  7,000  feet,  and  incladed  the  placing  in  position  of  d37 
gabions*. 

That  the  system  of  constmction  adopted  for  the  GMveston  jetties  and 
carried  out  up  to  that  date  had  not  proved  satisfjEictoiy  in  ite  applica- 
tion to  the  Bolivar  pier  was  evidenced  by  the  recommittal  of  the  -sub- 
ject for  consideration  and  report  June  3, 1879,  Special  Orders  63,  Head- 
quarters Corps  of  En^necrs,  to  the  same  Board  of  ofl&cers  (excepting 
only  one  member)  as  that  originally  ordered  thereon.  Three  and  a  half 
years  had  elapsed  since  their  last  meeting,  during  which  period  the  prog- 
ress already  detailed  was  made  on  the  piers.  !F^'om  M^jor  Howell,  the 
member  who  had  been  in  general  charge  of  the  work  from  its  inception, 
it  was  ascertained  that  the  gabions,  wherever  placed  directly  on  the 
sand  without  intervention  of  mattresses,  had  already  sunk  from  one-half 
to  two-thirds  of  their  height,  below  the  bottom  level ;  that  they  had 
not  caused  'any  permanent  collection  of  drift  sand  on  the  north  side  as 
had  been  anticipated ;  but  that,  for  the  portion  of  the  lengtti  laid  which 
crossed  the  swash  cliannel,  the  process  had  been  one  of  nndenniniBg 
on  the  south  side,  the  water  having  deepened  from  9  to  12  feet.  This  under- 
mining process  let  the  gabions  down  so  that  they  projected  bnt  a  little 
above  the  sand  bottom.  It  also  appeared  that  of  the  037  gabions  plaeed, 
about  one-sixth  part  had  been  broken  up,  leaving  large  gaps  in  the  pier. 
Major  Howell  attributed  their  destruction  in  pad;  to  the  fiict  that  many 
of  them  had  been  kept  on  hand  between  one  and  two  years  before  thsy 
were  put  into  the  water,  and  that,  in  consequence,  the  wood  of  which  tfa^ 
were  made  being  partially  decayed  had  lost  its  strength ;  and  farther, 
liiat  many  of  the  gabions  thus  destroyed  were  not  entirely  filled  with 
sand,  and  did  not,  therefore,  attain  their  full  weight  and  stability. 

The  Board  fully  comprehended  the  difficulties  of  the  position  and  tli^ 
unfavorable  circumstances  attending  the  construction,  and  the  magni- 
tude of  the  enterprise — the  building  of  7  miles  of  piers  into  the  Gkdf  of 
Mexico,  in  waters  varying  from  5  to  18  feet  depth,  mostly  covered  tar 
breakers  with  every  high  wind  from  northeast  around  to  southwest.  II 
seemed  to  them  that  any  methods  of  construction  departing,  witili  a 
view  to  economy^  from  the  hitherto  established  modes  would  have  been 
attended  with  delays,  reverses,  and  losses.  Yet  the  lact  remained  tlnl 
one-sixth  part  of  the  pier  had  been  destroyed,  and  though  defeets  in 
construction  might  in  part  account  for  the  magnitude  of  the  loss,  the 
Board  saw  in  it  the  confirmation  of  their  original  opinion  that  the 
gabion  would  not  prove  strong  enough  to  endure  the  continuoos  shook 
of  waves  and  breakers,  and  that  it  would  eventually  be  disrupted,  hM 
its  sand  filling,  and  be  scattered  unless  covered  by  sand  drift.  Ab  bo 
member  of  the  Board,  however,  had  seen  the  work  in  progress,  as  tlttgf 
were  not  satisfied  that  the  gabion  had  been  tried  in  the  b^t  manner  on 
the  Bolivar  pier,  they  concluded  not  to  condemn  the  system  ilrevocaUy 
without  x)ersonal  examination  and  without  being  sure  that,  profiting  hj 
the  exx)erience  gained,  the  causes  of  the  ])artial  failure  which  had  oe* 
curred  on  the  Bolivar  pier  might  not  be  met  and  remedied.  As  a  latge 
number  of  gabions  were  on  hand  it  was  thought  advisable  to  strengthen 
them  by  additional  braces,  and  to  try  a  variety  of  methods  of  plaoinc 
theiA  before  pronouncing  finally  upon  their  success  or  failure.  It  im 
not  seem  impossible  that  they  might  be  so  arranged  as  to  cause  the  col- 
lection of  drift-sand  and  thus  protect  themselves. 

The  Board,  therefore,  in  conelusipn,  advised  that  Msqot  Howell  oon- 
struct  no  more  gabions,  but  strengthen  tliose  on  hand  and  place  then 
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I  the  pier  aceotdiag  to  the  difierent  methods  siijjjiested,  isausiug  close 
observations  to  be  made  with  a  view  to  determine  the  iian^e  of  the  fail- 
ure of  those  that  might  be  destroyed  a>nd  to  gather  stich  other  experi^ 
ence  as  wonld  enable  them  to  jndge  of  the  Byatem  alter  the  trial.  They 
also  suggested  the  trial  of  the  I>nt«h  system  of  jetty  conatmction,  of 
alternate  layers  of  brnsh  mattresses  and  stone,  provided  stone  could  be 
obtained  ft^m  the  Trinity  or  San  Jacinto  rivers  above,  or  ti'om  any 
other  source  more  cheaply  than  eoncret«  could  be  made.  If  not.,  that 
coiici'et«  in  blocks  or  in  hags  should  be  used. 

The  Board  were  desirous  to  ascertain  the  oost  of  this  method  as  com- 
pared  with  others,  also  if  the  smaU  stone  or  coni<ret«  blocks  wonld  so 
far  maintain  their  position  in  the  jetty  under  the  shocks  of  the  frequent 
storms  of  this  coast,  as  to  make  the  construction  a  success.  {See  Re- 
port of  Angiist  9,  1879.) 

From  information  derived  since  the  date  of  our  last  report  through 
General  Gillrnore,  who  visited  Galveston,  in  December,  1879,  and  from 
various  reports  made  by  the  assistJints  on  the  worb,  it  appears  that 
fipom  June  1  to  December,  1879,  289  gabions  were  placed  in  the  Bolivar 
pier,  but  that  they  were  in  no  manner  strengthened  before  being  used. 
Ten  of  these  gabions  were  set  ei-oaswise,  twenty  in  two  rows,  side  by 
side,  twenty-eight  in  a  detached  row  slightly  oblique  to  the  main  line 
with  which  it  was  connected  by  a  spur  of  ten  gabions,  and  that  of  the 
whole  number  laid,  sixteen  had  been  destroyed. 

Captain  Davis's  reports  showed  that  fW>m  its  commencement,  April 
14,  1877,  to  January  I,  1880,  the  Bolivar  pier  had  been  extended  sea- 
ward from  the  beach  10,220  feet,  513  of  which  in  shore  had  been  a  pile 
coDstniction,  and  9,707  feet  a  gabionnade.  The  latter  was  formed  of  923 
gabions  placed,  with  the  few  exceptions  above  enumerated,  lengthwise 
in  a  single  row.  About  one-third  of  these  gabions  were  placed  directly 
upon  the  sand  bottom,  the  other  two-thirds  u^wn  thin  mats,  as  already 
described. 

Of  these  gabions,  98  have  wholly  disappeared,  17  have  broken  away 
from  bottoms,  3  have  lost  their  tops  and  part  of  their  aides,  7  have  lost 
their  tops,  4  tops  loosened  when  last  examined. 

Seventy-five  of  the  above  have  been  replaced.  Examinations  made 
from  time  to  time  ^  determine  the  positions  of  the  gabions  showed  some 
lateral  displacement,  and  incidentally  a  large  amount  of  settling.  It 
does  not  appear  that  the  supple  mats  upon  which  the  greater  portion  of 
the  gabions  reste-d  prevent6«i  in  any  wise  then-  sinkinginto  the  sand,  as 
those  set  in  place  in  the  summer  of  1879,  by  report*  rendered  soon  aft«ir, 
had  settled  very  rapidly  and  seemingly  to  their  fnll  deiith  below  the 
bottom.  It  is  apparent  that  the  mats  were  neither  wide  enough  nor 
solid  enough  to  be  of  any  avail.  The  accompanying  sketches  1  and  2 
show  the  lateral  and  vertical  disturbances  of  the  gabions  in  the  Bolivar 
pier  so  f^  as  examinations  have  determined.  Captain  Da\'is's  letter  of 
March  7, 1880  {Ap^iendix  A)  gives  some  interesting  data  (Minnectod  with 
the  construction  of  the  gabionnade,  the  examinations  mtulu  thereof  from 
time  to  time,  the  extent  of  the  injuries  it  received,  its  subsidence  and  its 
prolmble  condition.  It  also  furnishes  an  account  of  the  trial  of  mat- 
tresses sunk  last  winter  in  or  near  the  inshore  part  of  the  Bolivar  pier. 

Though  but  16  of  the  242  gabions  placed  in  the  extension  of  the  Bol- 
ivar pier  between  June  30  and  December  1,  1879,  had  been  damaged  or 
desti-oyed  at  the  date  of  their  last  examination,  yet  10  of  the  last  38  laid 
in  October  and  November  had  disappeared.  These  latter  were  placed 
in  a  greater  depth  of  water  and  wore  exposed  to  greater  wave  a<jtion 
than  those  nearer  the  shore  and  to  storms  before  mncb  subsidence  had 
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occurred.  It  appears  from  the  testimony  of  Captain  Davis  that  all  of 
the  above  gabions,  after  the  lapse  of  two  or  three  months,  had  settled 
down  below  the  original  bottom  level  nearly  to  their  own  height  (6  feet), 
and  were  subjected  thereby  to  some  lateral  displacement  and  were  much, 
inclined  lengthwise  and  sidewise.  It  is  probable  that  in  this  process  of 
settling  those  that  had  disappeared  were  strained  and  broken,  while 
those  remaining,  having  attained  their  final  subsidence,  were  partially 
buried,  and,  thus  protected  from  wave  action,  become  immovable.  It 
certainly  does  appear  that  if  we  exclude  the  great  loss  of  Jnly  and  Au- 
gust, 1878,  and  of  those  of  October  and  November,  1879,  the  percentage 
of  gabions  destroyed  has  been  very  small.  We  cannot,  however,  infer 
from  the  foregoing  that  the  gabion  as  constructed — a  shell  of  wicker- 
work  cemented  on  the  inside  and  out,  with  a  total  thickness  of  about 
()  inches  and  filled  with  sand — is  strong  enough  to  endure  perpetual  ex- 
posure to  wave  action  in  this  locality,  unless  it  acquires  stability  and 
protection  either  by  sinking  down  partially  into  the  sand  or  by  being 
partly  covered  by  sand  drift.  It  has  failed,  however,  as  applied  in 
the  Bolivar  jetty,  to  gather  sand-drift  and  to  constitute  a  pier.  Intact, 
the  gabionnade  has  essentially  gone  down  below  the  original  bottom. 
The  matting  used  proved  an  insufficient  base  for  the  gabions  and  they 
have  disappeared  as  loose  stone  would  have  done  had  they  been  used  in 
their  stead.  It  is  doubtful  if  their  projection  above  the  bottom  is  suf- 
ficient to  give  any  sensible  contraction  of  water-way.  What  might  have 
been  the  result  had  the  gabions  been  placed  upon  an  unyielding  plat- 
form wide  enough  to  have  prevented  the  process  of  undermining,  there 
are  no  facts  to  determine.  Had  they  been  i)laced,  as  at  Fort  Point,  in 
two  rows,  with  cross- walls  and  lateral  spurs,  they  might  possibly  have 
gathered  sand  and  thus  formed  a  pier;  but  the  structure  would  have 
lost  the  special  merit  claimed  for  it — simplicity  and  economy. 

The  eft'ect  of  the  works  at  Galveston  has  been  to  remove  the  inner 
and  to  naiTow  the  outer  bar,  measured  between  the  18-foot  bottom 
curves  about  2,000  feet.  This  last  result  may  have  been  entirely  pro- 
duced by  the  repairs  of  the  city  dike  and  its  prolongation  as  a  gabion- 
nade nearly  half  a  mile  in  a  northeast  direction.  The  contraction  of  the 
outlet  resulting  therefrom  would  concentrate  the  outflowing  water,  in- 
crease its  velocity  and  its  living  force,  and  hold  it  together  against  dis- 
persive forces  to  a  greater  distance  from  the  shore  line,  and  thus  effect 
some  scouring  on  tlie  inner  slope  of  the  bar.  If  the  Bolivar  pier  had 
any  effect  in  narrowing  the  outer  bar,  such  result  must  have  been  very 
small,  as  its  progressive  sections  by  rajnd  subsidence  soon  ceased  to  be 
any  obstacle  to  prevent  the  dispersion  of  the  outflowing  current  in  that 
direction.  The  resjalts  produced,  however,  are  quite  sigificant,  and  seem- 
ingly promise  from  the  submerged  jetties,  when  completed,  all  the  depth 
over  the  bar  anticipated. 

It  is  now  proi)osed  by  Major  Mansfield,  who  has  recently  relieved 
Major  Howell  ot*  the  charge  of  all  the  works  of  improvement  on  the 
Texas  coast,  to  utilize  the  340  gabions  on  baud  to  construct  a  part  of 
the  south  jetty  from  «  to  ft,  a  length  of  4,080  feet  (see  accompanying 
map  1).  The  Intention  is  to  place  them  on  mattresses  30  feet  long,  plaoed 
across  the  line  so  as  to  project  12  feet  on  either  side  of  the  row  of  ga- 
bions. The  above  recommendation  seems  to  be  made  in  the  hope  that 
this  position,  for  special  reasons,  is  favorat>le  to  the  collection  of  drift- 
sand,  and  that  in  consequence  the  gabionnade  will  be  covered  and  pro- 
tected. Should,  however,  the  waves  and  currents  prove  adverse  to 
such  collection,  and  the  structure  in  that  sense  be  a  failure,  it  is 
claimed  that  the  ^^  mattresses  and  liprap  can  be  utilized  as  a  lower 
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course  in  constructing  a  Btoue  jetty,''  and  the  loss  incurred  will  be  simply 
the  cost  of  placing  and  filling  tke  gabions. 

In  the  winter  of  1879-'80  (December,  January,  and  February),  an  ex- 
periment was  made  at  Galveston  with  mattresses,  as  shown  in  sketch  3. 
Commencing  near  the  inshore  end  of  the  Bolivar  [)ier,  mattresses,  formed 
of  cane  and  brush,  1  foot  thick,  and  mostly  18  feet  wide  and  30  feet 
long,  were  laid  for  nearly  half  a  mile  in  length,  partly  in  four  rows  side  by 
aide,  but  for  the  greater  i)ortion  in  two  rows,  the  seaward  end,  however, 
consisting  of  a  single  row  only.    They  wore  held  in  i)lace  by  concrete 
blocks  witli  an  average  weight  to  the  square  foot  of  surface  of  about  21 
pounds.    The  cross-sections  of  sketch  noticed  in  reference  to  the  order 
in  which  the  ditterent  sections  were  placed  show  some  disturbance  of 
the  bottom  level,  with  but  slight  accumulation  of  sand,  and,  as  Captain 
Davis  says  in  his  rei)Oit,  "  no  tendency  to  envelop  the  mattresses  with 
it"    All  the  experiments  that  have  been  thus  far  tried  on  the  line  of  the 
north  jetty  give  no  evidence  tliat  sand  will  accumulate  around  any  ob- 
struction to  cuiTcnts  and  waves  that  may  be  put  upon  the  sea  bottom 
in  that  locality. 

The  trial  made  hist  winter  of  the  mattress  30  feet  wide  and  00  feet 
long  on  the  north  pier  line,  does  not  indicate  that  it  will  i)rove  a  suitable 
base  for  the  gabion  to  stand  upon,  nor  a  sufficient  foundation  either  for 
a  stone  enrockment  or  for  a  mixed  stone  and  fascine  jetty.  If  put  down 
in  the  south  jetty  from  a  to  b,  in  from  8  to  11  feet  of  water,  it  may  be 
nndennined  and  drop  the  gabions  resting  upon  it  down  into  a  trench,  as 
they  settled  in  the  north  pier  on  the  IS-foot  mattresses.  In  truth  such 
rosult  would  naturally  be  looked  for  unless  the  wave  and  current  action 
at  this  locality  prove  exceptional.  All  the  ex[)erience  thus  far  gained  on 
the  Galveston  jetties  shows  that  the  ba^se  assumed  for  them  ha^s  been  too 
narrow  and  unsubstantial.  The  first  success  at  Fort  l^oint  seems  to  have 
been  dne  to  the  placing  of  one  row  behind  another,  with  iVciquent  walls 
^ting  them  and  spur-dikes  to  prevent  the  undermining  process.  Be- 
sides, at  that  position,  there  wiisan  undoubted  tendency  to  the  collection 
of  sand  drift  coming  in  from  the  southwest. 

Experience  in  building  the  north  pier  of  the  harbor  at  tlie  mouth  of 

the  North  Sea  Canal  with  large  stones  and  concrete  bloeks,  develoi)ed 

the  necessity  for  a  wide  base  on  which  they  should  rest.    The  width  of 

enrockment  finally  adopted  for  that  purpose  was  100  feet.    The  base 

of  the  Maas  jetty,  Holland,  wa«  nuule  50  meters  wide.     The  timber, 

hrosh,  and  stone  apron  used  as  a  basis  for  the  dike  closing  Xew  Inlet, 

between  Federal  Point  and  Zeke's  Island,  near  the  mouth  of  (,'ape  Fear 

Biver,  North  Carolina,  varied  from  40  to  70  feet  in  width.    There  was 

a  scouring  effect  produced  in  advance  during  the  lading  of  this  apron, 

which  dropped  it  down  about  3  feet  below  the  original  bottom.    There 

was  also  scouring  on  either  side,  which  required  stone  to  be  thrown  in, 

widening  the  ba«e  largely  as  the  dike  was  raised.    The  scouring  was 

evidently  due  to  the  overfall  and  not  to  parallel  currents.    It  should  be 

remarked  in  this  connection  that  the  current  thnmgh  New  Inlet  was  a 

rapid  one.    The  Charleston  submerged  jett^'  is  an  apron  similar  to  that 

ofiied  at  New  Inlet,  North  Carolina,  for  tlie  base  of  the  closing  dike,  and 

as  far  as  it  has  been  put  down  has  varied  in  width,  aecording  to  depth 

ot  flonndings,  from  43  to  113  feet. 

* 

CONCLUSION. 

From  the  foix^going  it  would  api)ear  that  a  substantial  base  from  50 
to  100  feet  wide,  varying  with  depth  of  soundings  and  characteristics 
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of  the  position,  will  be  required  for  the  Galveston  submerged  jetties 
whatever  may  be  the  method  of  construction  determined  upon. 

On  the  north  pier  7,000  linear  feet  were  put  down  apparently  on  the 
assumption  that  the  success  of  the  system  had  been  established  at  Fort 
Point,  and  hence  with  insufficient  examinations  to  determine  whether  or 
not  the  structure  was  fulfilling  the  end  designed.  This  error  should  not 
be  rei)eated  on  the  south  pier  by  laying  a  section  4,080  feet  long  on  a 
mattress  but  30  feet  wide,  as  proposed.  If  such  experiment  is  to  be 
made  at  all  (and  we  have  little  faith  in  the  sufficiency  of  the  30-foot 
mattress,  or  expectancy  that  the  gabion  will  be  covered  with  drift  sand), 
it  would  be  judicious  to  limit  it  to  a  length  of  200  feet,  and  to  test  it  by  one 
season's  exposure.  We  are  of  opinion,  however,  that  it  would  be  better 
without  more  delay  to  adopt  a  wider  and  more  substantial  base  for  the 
trial — one,  for  example,  shown  on  attached  sketch  A. 

The  estimate  of  the  Board  for  this  base  is  but  $13.23  per  linear  foot* 
The  amount  of  stone  or  concrete  allowed  for  may  seem  too  small,  but 
the  weight  of  the  gabion  will  be  sufficnent  to  hold  the  raft  down.  Even 
should  more  blocks  be  needed,  the  estimate  will  scarcely  exceed  $20  per 
running  foot.  It  has  been  assumed  that  logs  and  brush  or  cane  are  to 
be  readily  and  cheaply  obtained  in  the  vicinity. 

We  prefer  stone  to  concrete  as  ballast  for  the  rafb,  and  if  it  can  be 
obtained  in  the  vicinity  it  will  be  the  less  costly  of  the  two  materials. 
It  can  probably  be  procured  from  northern  ports  for  $5  per  cubic  yard. 
Small  stone  will  pack  well  thrown  upon  the  brush  of  the  rafb,  and  if 
filled  with  sand  and  covered  with  sea-shells*  before  being  displaced  by 
violent  storms,  will  make  a  solid  mass.  Even  should  concrete  blocks 
be  laid  upon  the  mattresses  as  represented  on  the  drawing,  it  would  be 
well  to  fill  in  between  with  small  stones. 

Concrete  can  probably  be  made  of  Rosendale  or  Baylor's  Portland 
cement  at  $6  per  cubic  yard,  as  will  appear  from  the  following  estimate : 

300  pounds  Saylor*8  cement  at  .8  cent $2  40 

8  cubic  feetViver  sand  (dense),  at  9  cents 72 

24  cubic  feet  river  gravel  (dense),  at  9  cents 2  16 

Making,  including  ramming  and  molding 72 

Cost  for  one  cubic  yard 6  00 

The  method  of  construction  shown  in  sketch  A  may  be  varied  by 
placing  the  gabion  lengthwise  instead  of  crosswise  on  the  grillage,  and 
by  giving  the  mattress  on  either  side  of  it  a  greater  thickness  and  cov- 
ering it  entirely  with  stone  with  a  view  to  greater  solidity  and  to  the 
collection  of  drift  sand.  This  project  is  proposed  simply  to  take  th^ 
place  of  that  submitted  by  the  local  engineer  at  Galveston  for  utilizing 
the  gabions  on  hdnd,  and  it  is  understood  that  no  more  gabions  are  to 
be  constructed.  Its  merit  consists  in  the  solidity  of  the  rafb  itself,  so 
that  should  the  gabions  break  up,  additional  stone  thrown  in  would 
convert  the  structure  into  a  serviceable  jetty. 

Sketch  B,  annexed,  shows  a  solidly  made  mattress  with  60  feet  base 
and  with  an  average  thickness  of  about  3  feet.  It  is  covered  with  con- 
crete blocks,  but  stone  would  be  better  as  more  dense  and  less  liable  to 
be  removed  by  the  waves.  The  structure  will  require  to  be  strongly 
bound  together  to  resist  breaking  while  being  towed  to  its  position. 
The  thickness  of  the  mattress  itself,  as  well  a«  of  ^the  stone  covering, 
should  vary  with  the  depth  of  water  in  which  it  is  to  be  sunk,  and  the 
exposure  of  the  position.  It  is  possible  that  the  annexed  estimate  for 
this  structure  is  too  small,  and  that  the  difficulties  and  delays  of  placing 
it  in  the  open  Gulf  will  much  increase  its  cost.  It  would  scansely  be 
safe,  therefore,  to  estimate  it  at  less  than  $40  per  linear  foot. 
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We  lurthei'  submit  lor  trial  the  methods  of  couslnicliou  represeuted 
by  8ket«he8  C  aud  D,  annexed.  The  first  is  a  grillage  of  logs,  tlie  lower 
set  placed  3  feet  distaut  from  center  to  center  and  crosswise  to  direction 
of  jetty,  and  dmily  bolted  to  the  longitudinal  binders,  whicli  arc  few  in 
number.  Thin  but  cotuitoct  mattressea  fill  the  spaces  between  tbe  bind- 
ing logs,  while  the  central  portion  or  heart  of  tbe  construction  ia  formed 
of  a  solid  mattress  varying  from  1  to  3  feet  in  thickness.  Though  blocks 
of  concrete  covering  tbe  mattresses  represent  the  weight  required  to 
bold  the  mass  in  position,  it  is  understood  that  stone  will  be  preferably 
used  if  readily  procurable.  The  dimensions  given  will  probably  suffice 
for  depths  up  to  11  feet,  unless  there  is  much  settling.  In  sboal  water 
the  thickness  of  central  mattresses  and  width  of  base  may  be  reduced. 

Sketch  D  represents  cross-section  of  tbe  apron  used  in  1878  and  1879 
in  tbe  foundation  for  the  submerged  jetties  on  Charleston  bar,  South 
Carolina,  and  which  thus  far  has  i)roved  successful.  For  full  descrip- 
tion of  this  construction  see  Annual  Report  of  the  Chief  of  Engineers  for 
187a,  Appendix  L 

As  small  stones  ut>on  structures  exposed  to  the  action  of  breakers  will 
be  more  or  less  displaced  during  storms,  we  must  anticipate  some  dam- 
ages to  result  from  the  application  of  either  of  the  above  methods  to  tbe 
construction  of  the  Galveston  jetties.  Either  of  them,  however,  will 
probably  prove  a  success,  provided  the  brush  collects  sand  and  the  stones 
become  bound  together  by  molluscous  concretions,  which  uauftlly  grow 
rapidly  in  warm  climates.  Experience  in  Charleston  Harbor  and  on  tbe 
sbores  of  Holland,  especially  at  the  mouth  of  the  Maas,  bears  testimony 
to  the  rapid  growth  of  these  mollusca  upon  loose  stones  immersed  in  the 
seii  near  tbe  outlets  of  freshwater  tributaries,  and  to  their  effective  use 
in  cementing  them,  as  it  were,  into  one  mass.  Though  we  anticipate 
with  no  degree  of  certainty  the  same  favorable  results  at  Galveston  as 
at  Charleston,  yet  it  seems  probable  that  similar  shell  deposits  will  occur 
and  that  the  brush  and  stone  will  collect  sand  in  process  of  time.  Un- 
aided by  such  favorable  action,  tbe  solidification  of  tbe  jetties  will  be 
difficult  and  costly. 

The  Board  are  disposed  to  favor  the  grillage  or  raft  sj'stem  as  giving 
a,  stifier  base  than  the  mattress  unsupported  by  logs. 

We  recommend,  however,  the  trial  of  the  several  methods  proposed, 
by  constructing,  during  the  present  summer,  sections  of  the  Galveston 
jetties  in  general  accordance  with  annexed  sketches,  using  as  a  covering 
about  2  feet  thickness  of  stone  instead  of  concrete,  if  stone  can  be  pro- 
cured. By  tbe  exposure  of  the  succeeding  autumn  and  winter,  the  sec- 
tions built  will  be  tested.  When  a  satisfactory  method  of  construction 
has  been  deteiinined  we  are  of  the  opinion  that  the  Galveston  jetties 
should  be  built  by  contract,  rather  than  by  the  system  now  followed. 
In  the  mean  time  there  should  be  as  little  espenditure  for  plant  as  pos- 
sible. 

From  the  direction  taken  by  tbe  Cylinder  Channel  it  would  appear 
that  the  direction  of  the  north  jetty  for  a  distance  of  2  miles  from  the 
shore  need  not  be  changed.  The  south  jetty  should  incline  more  to  tbe 
north,  taking  direction  indicated  by  line  AB,  so  as  to  contract  the  open- 
ing between  the  two  at  their  outer  ends.  Neither,  however,  should  be 
canied  more  than  2  miles  seaward  until  the  other  has  progressed  nearly 
ill  equal  ratio,  and  the  effects  prodnce<l  by  their  prolongation,  noted 
from  time  to  time,  will  determine  the  final  directions  the  outer  [wrtions 
should  take. 

'    It  has  always  been  assumed  that  the  Galveston  jetties  are  to  be  sub- 
ni«rged,  but  to  what  depth  can  only  be  determined  by  results  produced 
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daring  the  progress  of  their  construction.  Shoald  an  average  height  of 
5  feet  above  the  sand  bottom  prove  sufficient  to  subserve  the  purpose 
for  which  they  were  designed,  it  seems  probable  that  they  can  be  con- 
structed by  either  of  the  methods  proposed  (stone  being  ftumished  fix)m 
the  vicinity)  for  $40  per  linear  foot. 
EespectfuUy  submitted.  Z.  B.  Tower, 

Colonel  of  Engineers  and  Bvt.  Maj.  Oen. 

John  Newton, 
Colonel  of  Engineers  and  Bvt  Maj.  Oen. 

Q.  A.  GiLLMORB, 

Lieutenant' Colonel  of  Engineers  and  Bvt  Maj.  Oen. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 


ESTIMATE  FOR  A  SECTION  30  FKKT  LONG. 

11  grillage  logs,  each  60  feet  long,  at  6  cents t29  60 

6  binder  logs,  each  30  feet  long,  at  6  cents 10  80 

350  poands  of  1-inch  round  holts  and  nuts,  at  H  cents 28  00 

5  mattresses  between  binders,  each  10  inches  thick =38  cubic  yards,  at  $1.50    42  00 

2  fascines,  7  cubic  yards,  at  $1.50 10  50 

1,800  feet,  board  measure,  :Mnch  plank,  at  $18  per  M 32  40 

50  pounds  of  8i)ikes,  at  5  cents 2  50 

22  cubic  yards  of  concrete  or  stone,  at  $6 132  00 

297  80 

Contingencies,  at  33^  per  cent 99  26 

Total  for  30  linear  feet 397  06 

Cost  per  linear  foot 13  23 

Every  5  feet  of  increase  or  decrease  of  width  will  add  to  or  subtract  fh>m  above  cost- 
of  linear  foot  abont  $1. 

ESTIMATE  FOR  A  SECTION  30  FEET  LONG. 

191  cubic  yards  of  mattress,  at  $1.50 $286  60 

80  cubic  yards  of  concrete  or  stone,  net  measurement,  at  $6 480  00 

766  50 
Contingencies,  at  33^  per  cent 255  50 

Total  for  30  linear  feet 1,022  00 

Cost  per  linear  foot 34  06 

Every  5  feet  of  increase  or  decrease  of  width  will  add  to  or  subtract  from  above 
cost  of  linear  foot  about  $2. 

The  mattresses  should  be  made  compact  by  drawing  the  surfaces  together  by  snit- 
able  ties. 

ESTIMATE  FOR  A  SECTION  30  FEET  LONG. 

11  CTillage  logs,  each  75  feet  long,  at  G  cents $49  50 

6  binder  logs,  each  30  feet  long,  at  6  cents 10  80 

350  pounds  ot  1-inch  round  bolts  and  nutfl,  at  8  cents 28  00 

5  mattresses  between  binder  logs,  each  10  inches  thick  =  61  cubic  yards, 

at$1.50 9150 

1  mattress,  1  foot  to  3  feet  thick  =  62  cubic  yards,  at  $1.50 93  00 

720  feet,  board  measure,  3-inch  plank,  at  $18  per  M 1296 

22  pounds  of  spikes,  at  5  cents 100 

100  cubic  yards  of  concrete  or  stone,  neat  measurement,  at  $6 600  00 

886  76 
Contingencies,  at  33^  per  cent 295  68 

Total  for  30  linear  feet 1,182  34 

Cost  per  linear  foot 39  4t 


I  Every  6  feet 
■t  of  linear  foot  aboat  tS. 
The  laattreBBes  should  be  made 
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United  States  Engineer  Office, 

Galveston,  Texas,  March  25,  1880. 

General  :  I  have  the  bonor  to  submit  tlie  accompaDjiug  report  of 
Assistant  Ripley,  it  being  a  suggestioii  of  bis  for  a  disposition  of  the 
gabions  on  band  at  Bolivar  Point. 

It  is  very  necessary  to  get  rid  of  tbese  gabions,  if  only  for  the  room 
they  occupy,  and  my  desire  has  been  to  utilize  tbem  to  the  best  possible 
advantage.  Mr.  Ripley's  project  meets  my  approval,  and  I  submit  the 
report  withont  comment,  beyond  the  siiggefition  that  the  mattresses 
be  kept  well  in  advance  of  the  gabions  during  construction,  to  counter- 
act any  tendency  to  scour  in  advance  of  the  work. 

The  placing  of  these  gabions  will  absorb  about  the  balance  of  available 
Ainds,  and  will  build  4,080  feet  of  the  jetty,  and  will  require  the  whole 
of  the  coming  season  for  its  execution. 

The  probable  success  or  failure  of  this  gabionnade  will  be  determined 
soon  after  the  work  is  begun.    The  conditions  seem  to  favor  success. 

The  plan  of  the  Board  of  Engineers  was  to  ntilize  the  gabions  on 
hand.     It  may  be  they  intended  to  conflne  their  use  to  the  Bolivar  jetty. 
I  therefore  submit  the  matter  for  yonr  consideration  and  approval, 
Very  i-espectfully,  yoar  obedient  servant, 

9.  M.  Mansfield, 


The  Chief  of  Engineees,  TJ.  S.  A. 


Major  of  Engineeri, 
Bvt.  Lieut.  Col.  U.  S.  A. 


RBPOBT  OP   MH.    R.    C.    RIPLKY,    ASSISTANT   ESGINEBR, 

BouVAR  Point,  March  29,  1880. 
Colonel  :  I  wonid  respectfiilly  Hnggeat  a  diapoiitioii  of  the  gabions  which  we  have 

We  have  317  gabions  entirely  oompleted,  and  S3  partially  bo,  mating  a  total  of  340. 
Ileae  If  ill  oonsti'Uct  4.0S0  feet  of  gabionnade.  1  send  herewith  a  tracing  upon  which 
ia  aliown,  in  red,  the  proposed  line  of  tbe  aouth  jetty.  The  blue  line,  extending  from 
tin  6-foot  onrve  out  4,0B0  feet,  shows  tbe  position  where  T  would  suggest  tbe  use  of 
tfce  gabions.  If  they  bo  pla'ied  on  matlresses,  say  30  feet  long,  platen  across  the  line, 
«xteudiag,  as  they  wonId,  12  test  ou  either  aide  of  the  gabions  and  well  riprapped  on 
Aither  eiife  to  prevent  lateral  displacement  of  tbe  gabions,  I  think  they  would  settle 
bat  little,  and  wonM  lesiat  the  action  of  the  waves  until  they  becanie  covered  with 
ud.  We  are  encouraged  in  the  belief  tbat  they  would  become  immediately  covered, 
com  tbe  fact  that  before  the  storm  of  1875  there  was  but  5^  feet  of  water  where  there 
K  15  feet,  and  where  there  is  the  deepest  water  on  this  line,  there  was  but  6  feet 
B 187S.  There  seems  to  be  a  tendency  to  a  reformation  of  a  shoal  at  this  point,  as  ia 
wwn  hy  the  sboal-watcr  a  short  distance  to  tbe  aonthwaril,  This  tendency  is 
ilMed  by  the  ebb-tide  concentrated  at  Ibis  point,  and  which,  being  cut  offby  a  line 
of  EKbioas,  will  allow  the  sand  to  form  a  bank  on  the  Hea^eide  and  finally  cover  tbe 
whole  line,  as  was  the  case  at  tbe  Fort  Point  galiionnade.  There  would  bo  an  aver- 
age depth  of  4  feet  on  tops  of  the  eabions  and  abont  the  same  depth  on  the  shoal  ex- 
Mnditiff  to  the  pile  breakwater,  which  would  leave  an  opening  of  B,800  feet  k-ngth 
Ml  4  ftet  iloptu  for  the  udmission  of  the  llood-tido  at  the  shore  eml  of  the  jclty— a 
B)dition,  it  seems  (o  me,  very  mnch  to  be  desired.  If  it  be  feared  tbat  a  channel 
_,||Kild  be  cnt  llirough  between  the  inner  end  of  thia  and  the  Fort  Point  cabionuade, 
Btf  ogle  tier  of  mattresses  well  covered  with  stone  would  prevent  it ;  bnt  Ithink  there 
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is  no  possible  danger  of  it,  for  the  water  from  Galveston  ehannel  pnshes  oat  against 
that  of  Bolivar  channel  and  prevents  its  spreading  at  this  poinjb.  Even  were  there 
considerable  doubt  of  its  success.  I  think  it  well  worth  the  experiment,  from  the  &ct 
that  we  have  the  gabions  on  hand  and  the  cost  of  placing  them  is  so  small  oompared 
with  the  cost  of  a  stone  jetty  that  in  case  of  success  the  saving  would  be  enormous. 

For  example,  the  cost  of  placing  95  gabions  in  October  and  November,  1877,  was 
|16  per  gabion  (estimated  at  the  time),  or  $1.33  per  running  foot.  The  cost  of  mat- 
tress 30  feet  wide  is  $1.83  per  running  foot.  The  amount  of  concrete  for  riprap,  say 
2  feet  hi^h  at  gabion,  and  sloping  down  to  half  a  foot  at  a  distance  of  12  feet,  would 
be  30  cubic  feet,  and  its  cost,  at  &  cents  per  cubic  foot,  would  be  $7.50  per  running 
foot. 

The  placing  of  the  mattresses  and  riprap  would  cost,  say,  $1  per  running  foot.  The 
total  cost  of  gabionnade  would  therefore  be — 

Placing  gabions $1  33 

Mattresses 1  83 

Placing  mattresses  and  riprap 1  00 

Riprap 7  50 

$11  66 

Contingencies  superintendence,  &c.,  30  per  cent 3  50 

Total  cost  per  running  foot 15  16 

And  4,080  feet  would  cost  $61,852.80. 

It  must  be  remembered,  however,  in  case  of  failure,  that  the  only  loss  will  be  the 
placing  of  gabions,  for  the  mattresses  and  riprap  can  be  utilized  as  a  lower  course  in 
constructing  stone  jetty.  The  loss  wiU,  therefore,  be  $1.33  per  running  foot,  and  the 
total  loss  will  be  less  than  $5,500. 

The  same  height  of  stone  jetty,  roughly  estimated,  would  cost  $80  per  running  fbot. 
Should  the  gabionnade,  therefore,  prove  a  success,  which  the  conditions  seem  to 
favor,  there  would  be  a  saving  of  $65  per  running  foot,  or  a  total  saving  of  $265,900. 
Very  respectfully,  your  obedient  servant, 

H.   C.   RiPLBT, 

Aegistant  Engit 
Bvt.  Lieut.  Col.  S.  M.  Mansfieu), 

Major  of  Engineers^  if.  S,  A. 


Appendix  A. 

repolvt  of  captain  charles  e.  l.  b.  da  vip,  corps  op  engineers. 

United  States  Engineer  Office, 

Galveston,  Tex,,  March  7,  1880. 

Sir  :  I  have  the  honor  to  submit  the  following  replies  to  the  questions  propounded 
by  General  Tower,  president  of  the  Board  of  Engineers  on  improvement  of  entrance  to 
Galveston  Harbor,  lu  his  letter  addressed  to  you  dated  February  23,  1880,  which  letter 
you  handed  to  me  with  the  request  to  state  my  views. 

I  transmit  with  this  letter  two  tracings,  one  showing  a  plan  and  elevation  of  the 
Bolivar  gabionnade  entire,  as  it  existed  at  times  of  last  examinations ;  there  is  also 
shown  a  plan  of  the  sheet-piling,  extending  from  the  shore  to  the  inner  end  of  the 
gabionnBrde,  which  was  destroyed  by  the  storm  of  September,  1877 ;  the  legend  amd 
notes  upon  this  tracing  will  explain  it  and  help  to  make  my  answers  to  Gtoneral 
Tower's  questions  more  readily  understood. 

The  second  tracing  shows  the  positions  of  the  mattresses  put  down  since  the  oon- 
struction  of  the  Bolivar  gabionnaide  was  discontinued. 

In  order  to  be  as  concise  as  possible,  I  will  take  up  the  questions  BeriaHm  and 
answer  them. 

1st.  ''  How  many  gabions  have  been  put  down  since  the  Board's  report  was  made 
last  summer  F 

The  total  number  of  gabions  put  down  since  June  30,  1879,  is  242.  An  examination 
of  the  tracing  will  show  but  2^,  as  5  of  those  put  down  in  November,  at  what  was 
then  the  extreme  outer  end  of  the  gabionnade,  had  disappeared  before  their  first  ex- 
amination, and  hence  are  not  showu  upon  the  tracing. 

2d.  ''Were  those  gabions  (known  to  be  on  hand)  strengthened  in  any  way  before 
they  were  put  in  place,  or  were  used  without  being  strengthened  f  If  strengthened, 
how  was  it  effected  f 

Gabions  on  hand  at  the  time  of  the  Board's  report  were  used  without  being 
strengthened.    The  weakness  of  the  gabion  arises  from  the  fact  that  it  is  an  exoeef 
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inijjly  elastic  wickcT- work  cov«'rt'd  vith  an  inclastif  (.•cm  cut  coatlii.'^  wlileli  coatiiij; 
wuen  the  gabion  is  mibjei'tod  to  any  strain,  is  certain  to  <Tack  and  tiako  ott'.  To 
utrcugthen  a  weIl-s«aHoned  ronipletcd  p^abion  could  only  be  done  in  two  \\  ayH,  either 
to  pot  in  additional  bolts  or  to  put  on  an  extra  coating  of  cement.  The  lirnt  method 
would  endanger  cracking  the  cement  on  attempting  to  tighten  the  bolts,  ami  the  sv.v- 
end  would  have  preHcnted  the  dillieulty  of  making  the  new  cement  coating  adhere  to 
the  old. 

3d.  "Describe  mat  n])on  which  they  were  ]»]noed — h'ligth,  brcfMlth,  thickness,  ma- 
terial. Strength  estinnitod  roughly  to  determine  wh.^tiier  they  wonhl  break  or  bear 
the  gabions  placed  upon  them." 

The  mat«  upon  which  the  gabions  were  pla'-ed  were  12  by  1>^  feet,  nnnh*  t)f  :i-inch 
fascines  placed  side  by  side  and  tied  t(»gether  with  houseline  at  intervals  of  aboi.t  :> 
feet,  in  the  following  manner  : 

Commencing  in  the  center  of  a  i>iece,  the  line  is  passed  over  and  under  the  fMscinc, 
the  two  ends  crossing  on  the  other  side  and  tied  with  a  tlat  knot.  The  two  ends  arc 
then  carried  over  and  under  the  lU'Xt  fascine,  and  so  on  across  tlu^  mat. 

Eight  battens,  I  inch  by  6  inches,  are  then  placed  lengthwise  of  the  mat,  four  on 
either  side  opjiosite  each  other,  and  fastent?d  together  with  galvanized-iron  wini]>:iss- 
in^  between  the  faciei nes  and  around  the  battens  at  intervals  of  about  2  tect.  The 
faacine  is  ma4le  of  river  cane  as  an  outsidti  casing  and  lilh^d  in  the  center  with  tbe 
branches  trimmed  from  the  same  cane  and  tied  together  with  marliu<s  psussiiig  twice 
around  at  intervals  of  about  9  inches.  Twelve  concrete  bUx-ks  are  placed  uiion  th<^ 
mat,  6  at  each  en<l,  to  keep  it  in  position.  A  concrete  block  is  G  inches  by  1'-'  inches 
by  30  inches  and  weighs  about  2:^]>ounds.  The  blocks  are  wired  fast  to  tin*  nuit  with 
galvanized-iron  wire.  The  mat  ip.  placed  the  long  way  across  the  line  of  tlie  galtion- 
nade,  and  the  gabion  being  placed  the  long  way  with  line,  lies  across  the  mat  be- 
tween the  concrete  blocks.  The  mats  thus  constructt'd  are  tiexibh?  and  conform  to 
the  shape  of  tbe  bottom,  and  as  far  as  is  known  they  have  sustained  the  gabion  with- 
out breaking.  The  ends  of  mats  upon  which  the  blocks  are  placed  have  in  <'very  ca>«*e 
as  far  as  is  known  settled  as  much  or  more  than  the  center  upon  which  the  gabion  is 
placed.  Th<;  <uily  way  in  which  settlement  has  occurred  is  undoubtedly  by  the  sand 
being  washed  from  underneath  the  mat. 

4th.  '*How  were  gabions  jdaced — crosswise  or  lengthwise,  in  one  or  two  tiers,  close 
or  separated  f  " 

This  qnestion  is  well  answered  by  the  tracing,  with  this  ex<*eption,  that  wher<^ 
gabions  are  much  separated  it  is  due  to  a  movement  aft^T  being  put  down.  It  was 
attempte<l  to  place  them  close  together,  and  generally  they  were  but  little  separated 
when  first  put  down. 

5th.  "  How  many  have  since  been  broken  to  pieces  or  mined  by  stonns?  " 

Since  the  1st  of  July,  1879,  thirteen  gabicms  have  disap])eared  altogether  and  two 
have  been  broken,  leaving  the  bottoms  in  position  upon  the  mats,  and  one  has  the  to]> 
gone,  making  a  total  of  sixteen  broken  or  di8apx)eared. 

Extracts  from  reports  made  from  time  to  time  will  furnish  the  specific  infonuation 
•ailed  for. 

[From  n-port  of  S<-i»t ember  20, 1879,  conci-ruiiig  gubioim  plnccd  in  July.] 

•  •  *  "There  is  one  gabion  short  of  tlie  number  put  down,  and  one  gabion.  No. 
702,  out  of  line.  This  gabion  was  put  down  close  to  No.  701.  and  was  left,  at  the  close 
of  a  day's  work,  partially  tilh'd  with  sand.  Two  days  later  it  was  found  in  its  present 
position.  It  is  altogether  probable  that  the  one  that  is  missing  disappeared  in  a  simi- 
wr  manner,  but  avos  carried  so  far  from  the  line  as  not  to  be  discovered.  »  «  » 
Nofl.  606  to  612,  inclusive,  were  examined  July  19,  eighteen  days  after  they  were  put 
down.  No8.  613  to  627,  inclusive,  wert)  examined  July  21,  from  ten  to  twenty  days 
after  they  were  put  down.  Nos.  628  to  669,  inclusive,  were  examined  July  22,  from 
four  to  eleven  days  after  they  were  put  down.  Nos.  670  to  6H(),  inclusive,  were  ex- 
amined July  29,  fi*om  seven  to  eleven  days  after  they  were  put  down.  Nos.  687  to  702, 
inclasive,  were  examined  .luly  yO,  from  two  to  eight  days  after  they  were  put  down. 
Nofl.  703  to  709,  inclusive,  we're  examined  August  2,  from  two  to  five  days  after  they 
were  put  down. 

**On  account  of  some  doubtful  locations  and  a  discrepancy  between  the  mmiber  of 

Sabions  examined  and  the  number  put  down  as  shown  by  Captain  Elwell's  memoran- 
nm,  a  re-examination  was  made  from  Nos.  709  to  633,  working  from  the  outer  end  to- 
wards shore.  Nos.  709  to  70.'),  inclusive,  were  re-examined  September  3,  thirty-two 
days  after  their  first  examination. 

**No8.  704  to  6(>5,  inclusive,  were  re-examined  September  4,  thirty-three  to  forty- 
four  days  after  their  first  examination.  Nos.  664  to  633,  inclusive,  were  re-examined 
September  16,  fifty-six  days  after  their  first  examination. 

•*Tlie  Hettlement  whicli  took  place  from  time  of  first  examination  to  time  of  re- 
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cxamiDation,  and  depth  of  water  on  top  at  time  of  re-examination  is  shown  in  the 
following  table :  ^ 


GabioDs. 

• 

Time. 

Avenge 
settlement. 

Averafire 
depth. 

633  to  664 

Numbers. 

Day. 
56 
44 
37 
36 
33 
32 

Fe€L 
2.39 
3.28 
2.28 
2.19 
1.20 
2.94 

Feet. 
6.61 

665  to  669 

6.20 

670to686 

6.6:1 

687  to  702 

a26 

703  to  704 

5.15 

705  to  700 

5.88 

"  Tilt'  least  settlement  shown  is  1  foot  (No.  694)  and  the  greatest  is  4.8  feet  (No.  665). 

*'  It  niiist  be  remembered  that  the  settlement  thus  shown  is  not  the  total  settlement 
since  the  gabions  were  put  down. 

"To  cet  the  total  settlement  there  must  be  added  the  settlement  prior  to  the  first  ex- 
amination. This  is  not  known,  but  since  the  gabions  settle  most  rapidly  for  the  first 
few  dayH  after  being  put  down,- it  is  probable  that  the  settlement  prior  to  the  first 
examination  exceeds  the  amount  shown  in  the  table.  The  fourth  column  of  the  table, 
which  shows  the  depth  of  the  water  on  the  top  of  the  gabions,  gives  a  good  idea  of 
their  totiil  st^ttlement  when  it  is  remembered  that  the  tops  of  many  of  them  were  at 
the  surface  of  the  wat-er  when  tirst  put  down. 

'*A11  the  gabions  seem  to  be  in  good  condition  except  No.  646,  which  has  lost  its  top, 
and  the  sand  tilling  is  gone." 

[Fi'om  report  of  November  17.  1879,  concorniup  gabions  pluced  in  August  and  September.] 

##♦"##»# 

*'  Two  gabions,  Nos.  750  and  751,  had  been  carried  away,  leaving  the  mats  and  blocks 
in  position.  Two  other  small  gaps  have  been  caused  by  the  shifting  of  the  gabions 
as  shown  at  Nos.  720  and  732. 

"In  the  former  case  four  gabions,  Nos.  716  to  719,  have  shifted  from  a  straight  con- 
tinuous row  to  the  position  in  which  they  are  shown  on  the  tracing.  These  more- 
nient«  are  evidences  of  the  shocks  which  the  gabions  are  called  upon  to  resist,  now 
that  the  outer  end  has  passed  the  last  shoal  and  must  henceforward  receive  the  full 
force  of  the  sea. 

"During  September,  coustniction  was  confined  to  a  wing  and  return  line. 

"*^  In  the  partial  inclosure  thus  formed,  we  should  expect  a  rapid  accumulation  of 
sand,  but  soundings  taken  on  the  21st  of  October  show  that  up  to  that  time  no  mate- 
rial a^'cnninlation  had  oeenrred." 

[Froiii  report  of  January  6,  1880.] 


'*  During  the  month  of  October  there  were  placed  in  the  gabionnado  30  gabions. 

*  #  #  #  #  #  » 

"Of  these  30  gabions,  5  (Nos.  781,  784,  787, 788,  and  789),  have  disappeared  entirely, 
•and  others,  notably  No.  763,  show  evidence  of  considerable  displacement. 

"During  the  month  of  November  there  were  put  down  8  gabions.  Fonrof  thean 
were  put  down  on  the  3d.  Two  of  these,  the  outer  ones,  had  disappeared  on  the  19th, 
•and  were  replaced,  and  two  additional  ones  were  put  down.  December  16,  when  th« 
•examination  was  matle,  only  three  remained  of  those  put  down  in  November. 

'*  It  is  worthy  of  remark  that  at  the  outer  end  where  the  gabiorns  disappeared  th# 
mats  remained  Jis  they  were  placed." 

6th.  "Has  it  been  a  success  as  a  system,  or  a  failure  ?" 

In  my  opinion  it  has  been  a  failure. 

7th.  "Has  it  caused  the  formation  of  drift  sand  against  it  or  not  ?" 

No  formation  of  drift  sand  against  the  gabionnade  has  occurred.  There  have  been 
accumulations  of  sand  on  the  north  side  of  the  line,  and  they  have  disappeared  or 
shifted  from  place  to  place,  and  reappeare<l  a  number  of  times,  but  nothing  approach- 
ing a  permanent  sand  formation  can  bo  said  to  have  resulted  from  the  gabioimade. 

7th.  "Second.  As  to  the  old  gabionnade  built  before  July  last,  what  is  its  present 
condition  f    Has  it  deteriorated  much  during  the  past  7  or  8  montlisf  " 

No  recent  examination  of  the  older  portion  of  tite  gabionnade  has  been  made* 
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111  July,  1879,  that  portion  coiiHtriictwl  in  May  and  June  was  oxarainod,  and  the 
condition  at  that  time  is  shown  by  the  foUowing: 

[Extract  fnnii  report  of  AugUHt  1,  1S79.1 

•'  In  their  settlement  many  of  the  gabions  have  worked  out  of  position,  and  one  (No. 
^i79)  has  gone  away.  Fnun  No.  58<>  to  No.  004  most  of  the  gabions  are  more  or  less  oat 
of  line..  This  is  partially  due  to  Hottlement  and  partially  due  to  an  imperfect  ranging 
of  tlie  guide  piles." 

Its  present  conditi(m  is  not  known,  but  there  is  no  evi<i«'nce  that  it  has  greatly 
det.eriorat«d  in  tlie  past  seven  or  eight  mcmths. 

8th.   "How  many  gabions  have  been  broken  to  pieces  during  that  period  f" 

There  Is  no  ]»ositive  information  a,s  to  the  number  of  gabions  broken  to  pieces  dur- 
ing that  period,  hut  from  the  absence  of  ddbris  u]K>n  the  beach  it  is  t»e1ieviHl  that  the 
destruction  has  lM?en  very  slight. 

9th.  "Have  the  gabions  settled  farther  down  into  the  sand?'' 

There  is  no  information  with  regard  t^>  their  settlement  lately.  It  is  probable  that 
the  oldest  portion  (that  <;oustrueted  in  1877)  has  ceai»ed  t-o  setth^  the  tojis  of  the  ga- 
bions having  long  since  nearly,  if  not  (|uite,  reache4l  a  depth  on  a  level  with  the  gen- 
eral surface  of  the  bottom. 

10th.  "Does  it  in  any  way  fulfill  its  j»ur])ose,  or  is  it  mostly  a  wtiste  of  means?*' 

In  my  opinion  it  is  mostly  a  waste  ol  nutans. 

11th.  *  *  *  "I  desiiv  to  learn  if  mattresses  of  brush  loaded  with  stone,  as  rec- 
ommended by  the  I^oard  of  last  summer,  have  been  tried.  If  so,  how  were  they  made, 
«nd  what  has  been  their  success  ? " 

Mattresses  of  bnish  andeauc  have  be<>n  pla<;ed  in  a  single  ti<>r,  as  shown  in  the  ac- 
companying tracing,  and  loaded  with  ('on<'rete  blocks  (UH)  blocks  to  each  mattress),  as 
no  stone  could  be  obtained. 

The  concrete  blocks  are  the  same  as  those  U8e<l  in  w(>ighting  the  mats  placed  under 
the  gabions.  Mattresses  have  been  principally  made  18  feet  by  GO  feet,  and  about  one 
foot  thick  over  all.  The  cane  or  brush  is  laid  one  layer  lengthwise,  another  crosswise, 
and  another  lengthwise,  and  all  held  in  place  hy  frames  of  wood  above  and  below, 
fa8teno<l  together  with  iron  bolts,  wooden  pin8,*aiul  galvanized-iron  wire.  A  few  mali- 
tresaes,  18  feet  by  30  feet,  made  in  a  similar  manner,  have  been  used.  The  succeas  of 
the  mattresses  is  shown  by  the  cross-sections. 

Let  us  consider  cross  section  No.  1. 

Mattress  No.  1  was  placed  December  4,  No.  2  was  ])1aeed  December  6,  No.  4  Decem- 
ber 15,  and  No.  11  Decemb<^r  16.  Now,  assuming  that  the  bottom  was  level  when  No.  1 
'wan  placed,  which  was  most  likely  the  case,  ther<^  was  a  slight  accumulation  before 
No.  2  was  placed,  and  a  slight  scour  before  No.  4  was  placed,  and  a  still  greater  accu- 
mulation before  No.  11  wju*  place<l.  Cross-section  A  A  shows  a  slight  accumulation 
on  both  sides  of  the  mattresses.  Cross-sections  Nos.  10,  13,  and  14  each  show  an  accn- 
innlation  from  time  of  placing,  respectively.  No.  40  and  No.  42,  No.  49,  and  No.  50, 
and  No.  51,  and  No.  fyi.  Cross-section  No.  29,  however,  shows  a  scour  trom  time  of 
}»lacing  No.  81  and  No.  89.  There  seems,  therefore,  little  tendency  to  accumulate  sand, 
and  no  tendency  thus  far  to  envelope  the  mattresses  with  it. 

The  placing  of  mattresses  was  conmienced  on  the  lino  of  the  gabiouna<le,  but  it  was 
thought  advisable  to  make  an  ott-set,  and  thus  avoid  the  deep  trench  and  irregular 
bottom  caused  by  the  gabions. 

12th.  •*  Are  then'  any  palmetto  trees,  scrub  oak,  or  any  timber  growth  at  or  near 
Galveston  ?    Any  brush  for  mattresses  ?  '* 

There  is  no  palmetto  in  Texas.  The  river  hanks  are  covered  with  timber,  pine, 
pecan,  ash,  willow,  &c.,  though  of  a  rather  poor  quality  for  mattress  making. 

All  of  the  rivers  in  Texas  are  extremely  tortuous,  and  navigable  only  a  sliort  time 
in  the  whole  year,  making  water  transportation  very  uncertain,  and  consequently 
#»xp«jnsive. 

It  is  thought  that  river  cane,  if  furnished  in  large  quantities,  and  not  selected  ac- 
conling  to  sample  for  matting  gabions,  could  be  obtaiin^l  cheap  enough  for  mattresses, 
aTid  would  certainly  ho.  a  good  mat-(uial  for  that  purpose. 
Very  respectfully,  your  obedient  servant, 

Chas.  E.  L.  B.  Davis, 

taj  tain  oj  j.,nyinetrn. 
Maj.  S.  M.  Maxsp'ield. 

Corpn  of  Engineer M,  V,  ^'.  A, 
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N  4. 
IMPROVEMENT  OF  SHIP  CHANNEL  IN  GALVESTON  BAY,  TEXAS. 

Estimates,  together  with  report  of  "  Survey  at  Buffalo  Bayou  for  a 
chaniiel  of  navigation  through  Buffalo  Bayou  and  Galveston  Bay  to 
Bolivar  Channel,  near  the  outer  bar  in  the  Gulf  of  Mexico,''  were  ren- 
dered April  4, 1871,  for  improvement  of  channel  designed  to  accommodate 
a  large  portion  of  the  commerce  of  the  district. 

The  several  acts  of  Congress  have  given  to  this  work — 

June  10,  1872,  $10,000,  and  June  23, 1874,  $10,000 =$20,000;  by  which 
a  channel  was  dredged  through  Red  Fish  Bar,  1,500  feet  long,  70  feet 
wide,  and  over  7  feet  in  depth. 

March  3, 1875,  $35,200;  by  which  a  channel  was  made  (between  Bolivar 
Channel  and  mouth  of  San  Jacinto  River,  and  through  Red  Fish  Bar) 
6,100  feet  in  length,  14J  feet  in  depth,  connecting  depths  in  channel  of 
9  feet,  and  8J  feet  in  the  upper  and  lower  bays,  and,  with  the  private 
work  of  improvement  at  Morgan's  Point,  permitting  the  passage  of 
vessels  of  9-foot  draught  to  within  a  short  distance  of  Houston. 

August  14, 1876,  and  June  18,  1878,  a  total  of  $147,000;  made  appli- 
cable to  that  portion  of  channel  between  Red  Fish  Bar  and  Bolivar 
Channel ;  contract  entered  into  with  George  C.  Fobes  &  Co.  Decem- 
ber 3,  1878,  to  dredge  channel  12  feet  deep,  100  feet  wide  at  bottom 
through  lower  bay,  from  head  of  Bolivar  Channel  to  Red  Fish  Bar. 

March  3,  1879,  $80,000;  "This  amount  made  applicable  on  a  direct 
line  between  the  cut  through  Morgan's  Point,  subject  to  conditions  that 
have  not  yet  been  placed  in  the  form  of  legal  documents  required  by 
the  United  States  before  application  of  the  money  appropriated."  (Vide 
Report  of  Chief  of  Engineers,  1879,  page  918.) 

PEOGEESS  MADE  DURING  THE  YEAR  ENDING  JUNE  30,  1880. 
report  of  captain  c.  e.  l.  b.  davis,  corps  of  engineers. 

United  States  Engineer  Office, 

GalvesUm,  Tex.,  July  1,  1880. 

Sir:  I  liav«  the  honor  to  Hubinit  the  foUowing  report  of  operations  for  improvin}^ 
the  ship  channel  in  Galveston  Bay,  Texas,  from  July  1,  1879,  to  February  sfe,  1^0, 
the  date  of  your  arrival  at  Galveston,  Tex. 

The  contract  entered  into  with  Geo.  C.  Fobes  &  Co.,  of  Baltimore,  Md.,  called  for  a 
channel  100  feet  wide  and  12  feet  deep  throutrh  lower  Galvestcm  Bay  from  12  feet  of 
water  in  Bolivar  Channel  to  the  cut  through  R(hI  Fish  Bar,  a  distance  of  about  10 
miles. 

As  the  <lredgeboat  could  make  a  cut  40  feet  wide  without  change  of  position  it  was 
decided  to  make  three  cuts  successively  the  entire  length  of  the  channel,  two  of  40 
feet,  and  one  of  20  feet  in  width. 

On  July  1,  1879,  the  lower  3  miles  of  the  first  cut  ha<l  been  completed.  Ftom  that 
time  up  to  the  date  of  your  arrival  work  on  the  cuts  was  continued.  The  first  cut 
was  completed  October  6,  1879,  the  second  cut  Februarj'^  7,  1880. 

During  the  time  specified  above  the  amount  of  material  drtMlged  was  as  follows: 

Cubic  yardff. 

Julv,  1879 77,043.29 

August,  1879 70,290.25 

September,  1879 86,619.39 

October,  1879 72,853.21 

November,  1879 60,111.0:) 

December,  1879 52,411.69 

Januarv,  1880 50,623.92 

February,  1880 40,425.98 

Total 510.378.76 
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The  (liimnin^  ground  for  tlie  lower  8  milcH  of  the  channel  was  to  the  eastward  about 
thrce-foiirt-118  of  a  mile  diHtant  from  tlie  cut,  and  was  marked  out  by  a  line  of  pilen 
driven  a  mile  apart  and  parallel  to  the  cut.    The  dum])ing  bcowh  by  keeping  abreast  of 
the  dn'djTe  dumped  the  matt^rial  iu  a  contlnuoiu  ridge,  as  it  was  thought  this  would 
be  ItHJs  of  an  obstruction  to  light -draught  sailing  vessels  than  if  dumped  in  spots. 

For  the  upi)er  2  miles  of  the  ship  channel,  the  dumping  grounds  were  changed  to 
tho  westward  of  the  cut  to  avoid  crossing  a  schooner  channel  at  that  point. 
Verj'  respectfully,  your  obedient  servant, 

CiiAS.  E.  L.  B.  Davis, 

Captain  of  Engineers, 
Miy.  S.  M.  Mansfield, 

CorpH  of  EnginetTHj  U.  S.  A. 

During  March,  April,  and  May  dredging  was  continued,  the  work 
being  done  satisfactorily,  so  that  by  the  close  of  May  the  contractors, 
having  delivered  to  the  United  States  a  channel  in  accordance  with  the 
terms  of  their  contract,  received  liual  payment,  and  contract  with  them 
was  then  closed. 

The  material  excavated  and  removed  from  channel  under  this  con- 
tl*act  amounted  in  the  aggregate  to  703,646.63  cubic  yards,  the  entire 
work  being  done  by  one  dredgeboat  (the  Charles  Fobes),  carrying  a 
dipper  of  4.22  cubic  yards  capacity,  equal  to  discharging  in  scows  along- 
side 200  cubic  yards  per  hour. 

Two  dump-scows,  with  a  total  capacity  of  438,172  cubic  yards,  and 
one  tugboat  comprised  the  rest  of  the  plant,  with  the  addition  of  a 
schooner  of  small  tonnage  as  tender  to  the  dredging  fleet. 

PROPOSED  OPERATIONS  FOR  YEAR  1880-'81. 

Available  funds  amount  to — 

Appropriation  of  March  3,  1879 $80,000 

Appropriation  of  Jnne  14,  1880 60,000 

130, 000 
Balance  of  approju-iation  of  1878 25, 000 

Total 155,000 

This  amount  may  be  expended  in  improving  the  line  from  the  cut  in 
Bed  Fish  Bar  to  the  cut  in  Morgan's  Point,  and  in  continuing  improve- 
ment in  cut  in  the  lower  bay.  To  be  done  by  contract,  after  advertis- 
ing for  proposals  in  the  usual  manner. 

OriiriQal  estimate  (for  cliannel  100  feet  wide  and  12  feet  deep),  1877 $446,326  42 

Appropriated  ( 1872  to  1880) 302,000  00 

Unappropriated  balance  of  the  original  estimate  ( 1877) 144, 326  42 

Which  sum  can  be  profitably  expended  in  the  fiscal  year  ending  June 
30,  1882,  in  continuing  improvement  as  originally  estimated  for. 

As  heretofore  reported,  the  work  cannot  be  considered  as  one  of  a 
permanent  character. 

This  work  is  in  the  collection  district  of  Galveston. 

For  commercial  statistics,  see  report  of  improvement  of  Galveston 
Harbor  and  entrance. 

This  work  is  designed  to  accommodate  a  large  portion  of  the  com- 
merce of  the  district. 

The  llffht-honses  on  or  near  the  line  of  the  work  are  near  Clopper's  Bar,*  at  tlio 
moath  of  the  San  Jacinto  River,  in  Red  Fish  Bar,  and  at  BoUvar  Point. 

*  To  be  discontinued  April  1,  1880. 
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Money  statement. 

Jnly  1,  1879,  amount  available $212,868  33 

Amount  appropriated  by  act  approved  June  14,  1880 50,000  00 

$262, 868  33 

July  1,  1880,  amount  expended  during  fiscal  year 107, 554  72 


July  1,  1880,  amount  available 155,313  61 

Amount  (estimated)  required  for  completion  of  existinc  project 144, 326  42 

Amount  that  can  be  profitably. expended  in  fiscal  year  ending  June  30, 1882.     144, 32()  42 


N  5. 

IMPROVEMENT  OF  TRINITY  RIVER,  TEXAS. 

Plan  and  estimate  for  improvement  was  submitted  April  29,  1871> 
based  upon  survey  of  the  mouth  of  this  river. 

Kecommendation  and  estimate  for  improvement,  based  upon  survey 
of  the  "  Trinity  River  from  its  mouth  to  Magnolia,  Tex.,''  was  rendei-ed 
in  1873. 

The  appropriations  of  1878-79  have  been  made  applicable  to  dredg- 
ing of  a  channel  5  feet  deep  at  mean  low-tide,  with  a  width  of  100  feet 
across  the  bar  at  the  mouth  of  the  river,  or  so  much  thereof  as  the  ap- 
propriation will  permit. 

PROGRESS  MADE  DURING  THE  YEAR  ENDING  JUNE  30,  1880. 

Work  of  dredging  (conti*act  of  June  10,  1879,  with  Mr.  Seth  N.  Kim- 
ball, of  Mobile,  Ala.)  commenced  June  1,  1880;  and  at  the  close  of  the 
fiscal  year  the  number  of  cubic  yards  of  material  dredged  averaged 
22,000,  the  material  being  cast  over  and  deposited  ui>on  the  banks,  cut- 
ting a  channel  3,500  feet  long  by  65  feet  wide  and  5  feet  deep  through- 
out its  length. 

The  weather,  together  with  other  difficulties  arising,  hindered  the 
work  so  much  that  the  contractor  failed  to  complete  the  work  here,  a» 
he  intended,  by  the  end  of  June. 

PROBABLE   OPERATIONS  OF   THE   YEAH  ENDING  JUNE  30,   1881. 

Continuation  of  contract  work — dredging  bar — to  the  limit  of  funds 
available  for  the  purpose.  The  expectations  are  that  this  contract  with 
Mr.  Kimball  (the  one  mentioned  as  of  date  June  10,  and  a  later  one  iu 
continuation  thereof,  dated  November  14,  1879)  wUl  be  satisfactorily 
closed  prior  to  the  1st  of  August,  1880. 

Attention  is  here  invited  to  the  report  "of  the  result  of  a  resurvey  of 
Trinity  River,  Texas^  from  its  mouth  to  the  bridge  of  the  Great  North- 
ern llailroad,  made  in  accordance  with  the  i>rovision8  of  the  river  and 
harbor  act  of  March  3, 1879.''  (Kx,  Doc,  No.  135,  Forty-sixth  Congress, 
second  session,  copy  herewith.) 

THE  OUIGINAL   ESTIMATE   (1871-73). 

1.  *Work  at  mouth,  dredging,  aud  pile  breakwater •■...  $40,000 

2.  Removing  snags,  &c.,  uetweeu  mouth  of  the  river  and  Liberty 6, 000 

Total 46.000 

^  *  Estimate  for  dredging  (1873)  $16,581.40. 
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The  amount  appropriated  by  act  of  June  14, 1880,  $4,000,  may  be 
applied  to  dredging  a  navigable  cut  through  the  bar  4^  miles  below  Lib- 
erty, which  may  cost  $2,000;  the  balance  of  the  appropriation  may  be 
reserved  for  such  work  of  improvement  as  may  hereafter  be  considered 
most  judicious. 

There  is  no  basis  for  estimates  as  to  the  length  of  time  the  cuts  made 
through  the  bar  at  the  mouth  and  the  bar  near  liberty  will  remain  open 
for  navigation,  or  as  to  cost  of  maintaining  the  river Vrom  its  mouth  to 
Liberty  in  a  navigable  condition. 

Original  estimate  (1871-73) *. §146,000 

Appropriated  (ld7o-'80) 16,500 

Unappropriated  balance 29,500 

Twenty-nine  thousand  five  hundred  dollars  can  be  profitably  expended 
in  continuing  improvements — dredging  channel,  removing  snags,  &c., 
and  constructing  requisite  protection  work  in  the  next  fiscal  j^ear. 

The  work  is  located  in  the  collection  district  of  Galveston.    Nearest  lightrlioiise. 
Red  Fish  Bar,  Galveston  Harbor. 

STATISTICS. 

Considerable  lumber  is  brought  down  the  river,  but  1  have  not  been 
able  to  obtain  a  statement  thereof. 

Money  statement 

July  1,  1879,  amount  available tl2,349  92 

Amount  appropriated  by  act  approved  June  14, 1880 4, 000  00 

$16,^9  92 

July  1,  1880,  amount  expended  during  fiscal  vear 345  92 

July  1,  1880,  outstanding  liabilities ". 5,700  00 

6, 045  92 

July  1,  1880,  amount  available 10,304  00 

Amount  (estimated)  required  for  completion  of  existing  project 29, 500  00 

Amount  that  can  be  protitably  expended  in  iiscal  year  ending  June  30,  1882.     29, 500  00 


besurvey  of  tkinity  rivkr,  texas,  from  its  mouth  to  the 
uridge  of  the  great  northern  railroad. 

United  States  Engineer  Office, 

Galveston^  Tex.,  March  20, 1880. 

General  :  I  have  the  honor  to  submit  the  following  report  on  re- 
Burvey  of  Trinity  Ki  ver,  Texa^,  from  its  mouth  to  the  bridge  of  the  Great 
Northern  Eailroad. 

This  survey  was  made  in  pursuance  of  the  act  of  Congress  approved 
March  3, 1879,  by  Mr.  W.  L.  Webb,  assistant  engineer,  under  the  imme- 
diate supervision  of  Oapt.  C.  E.  L.  B.  Davis,  Corps  of  Engineers.  Begun 
in  September,  1870,  the  field  work  was  completed  in  November. 

The  object  of  the  survey  was  to  determine  the  improvements  necessary 
to  be  made  to  open  the  river  to  navigation,  and  thereby  accommodate 
and  increase  the  commerce  of  the  region  through  which  the  river  nius. 

Mr.  Webb's  report  show  s  that  above  Liberty,  the  head  of  tide-water, 
and  41  miles  from  its  mouth,  no  sufficient  improvements  can  be  made 
except  at  a  cost  out  of  all  proportion  to  the  importance  of  the  interests 
to  be  benefited,  the  river  being  a  succession  of  rocky  or  gravel  shoals, 
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witli  deep  pools  between,  very  tortuous,  with  abrupt  bends,  and  filled  with 
sna;y:s  which  become  waterlogged  and  are  not  carried  off  during  the  high 
stage  of  the  liver.  Below,  the  character  of  the  river  changes  entirely. 
Between  Liberty  and  Moss  Bluff  it  varies  in  width  from  200  to  275  feet, 
and  in  depth  from  5  to  30  feet,  with  the  exception  of  a  bar  with  2  feet 
water  over  it  4 J  miles  below  Liberty.  From  Moss  Bluff  to  the  month  of 
the  river  it  opens  out  to  500  feet  in  width  and  a  depth  of  from  10  to  45 
feet,  free  from  any  obstruction. 

The  river  flows  into  Galveston  Bay  through  four  principal  channels 
and  a  number  of  small  bayous. 

Two  appropriations  have  been  made  for  impro\'ing  the  mouth  of  the 
river ;  one  of  $10,000  in  1878-'79,  and  one  of  $2,500  in  1879-'80 ;  and  the 
work  of  deepening  one  of  the  channels  over  the  bar  has  been  put  out  to 
contract,  and  will  soon  be  executed.  There  will  only  remain,  then,  to 
be  done  to  give  5  feet  of  water  at  all  times  to  Liberty,  the  cutting  out 
of  the  bar  4J  miles  below  the  town. 

The  following  estimate  is  given : 

Lengtb  of  cut,  COO  feet ;  average  depth  of  cut,  2  feet ;  cubic  yards  of 
excavation,  3,511. 

This  is  a  small  amount,  and  if  it  could  be  removed  while  the  con- 
tractor has  his  dredge  at  the  mouth  of  the  river,  it  could  be  done  at  a 
small  cost,  say,  50  cents  a  yard,  or  $1,755.50. 

Ko  commercial  statistics. 

The  work  is  located  in  the  collectiou  district  of  Galveston.    The  nearest  li^ht-lionse, 
Red  Fish  Bar,  Galveston  Harbor. 

Very  respectfully,  your  obedient  servant, 

S.  M.  Mansfield, 

Major  of  IhiffineerSj 
Bvt.  lAexit  Col,  U.  S.  A. 
The  CiriEF  of  Engineers,  U.  S.  A. 


nKPOHT   OF    MU.    W.    L.    WEBB,    ASSLSTAXT   KXGINKKK. 

Bolivar  Point,  Tkx.,  January  29,  18el0. 

Caitain:  I  have  tlie  honor  to  submit  the  following  report  on  the  snrvey  of  the 
Trinity  River,  Texas,  from  the  crossing  of  the  International  and  Great  Northern  R«il- 
i^oad  to  the  mouth  of  the  river,  made  under  your  direction,  from  September  19'to 
November  8,  1879. 

On  September  25,  1879,  T  arrived  at  Riverside,  Walker  County,  the  initial  point  of 
the  survey,  September  27  the  boats  and  supplies  for  the  survey  were  received,  and 
work  was  begun  on  the  28th.  The  appropriation  for  the  survey  being  small,  only  a 
compass  and  stadia  line  was  run,  angles  being  measured  from  the  magnetic  meridian. 
The  river  wa«  at  extreme  low-water  stage,  not  navigable  in  places  for  our  light  sldffii, 
and  every  obstruction  to  navigation  was  in  full  view.  Daring  the  survey  the  rlyor 
rose  a  few  inches,  and  then  fell  again  to  about  its  former  stage. 

September  28,  a  cross-section  was  made  at  the  International  and  Great  Northern 
Railroad  bridge,  but  the  velocity  was  so  small  and  floats  were  so  much  influenced  by 
the  wind  that  the  discharge  could  not  be  determined.  Twelve  miles  below,  theamontit 
of  water  flowing  in  the  river  was  found  t/o  be  about  60  cubic  feet  per  second.  Thia 
amount  was  slightly  increased  lower  down  by  creeks  and  springs. 

(iKNERAL   DKSCUIPTIOX  OF  THE  RIVER. 

From  the  crossing  of  the  Int^emational  and  Great  Northern  Railroad  the  river  flows 
in  a  southea^iterly  direction  te  Marianna,  thence  south  by  east  to  its  mouth.  A>t  tiie 
International  and  Great  Northern  Railroad  bridge  it  is  the  bonndary  between  Walkor 
and  Tiinity  counties.  Then  it  flows  between  Trinity  and  San  Jacinto,  and  San 
Jacinte  and  Polk  counties,  then  through  the  center  of  Liberty  County,. and  thn>ngh 
Chambers  County  into  Galveston  Bay. 
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The  river  riowH  throii«rli  a  lieavily-tiiiiborod  valley  2  or  '\  mUvs  in  width,  bordered 
liy  abnipt  bluli'H  UHiially  covered  witli  pine  foreHts.  At  hi^h-water  it  iiHually  overflown 
one  of  its  bankn,  and  at  places  both.  The  height  of  high-water  above  low-water  at 
the  International  and  Great  Noilhern  Railroad  bridge  is  44.6  feet.  Tliis  difference  irt 
gradually  lessened  at  an  almost  nniform  rate  of  0.15  foot  per  mile  until  the  head,  of 
tide-water  is  rra<'hed  at  T^ibcrty,  high-water  there  being  22.8  feet  above  low-water. 
From  Liberty  to  the  month  of  the  river  it  diniinislies  at  the  rate  of  0.6  foot  ])er  mile. 
The  river  usually  begins  to  rise  in  Sc^ptember  and  reaehes  its  lieight  in  February. 
From  Riverside  to  Chalk  lilnft'  the  river  is  about  125  feet  wide  and  from  6  inches  to  IM) 
feet  deep,  being  a  succession  of  rocky  and  gravel  shoals  with  deep  current-less  portions 
between.    The  bends  are  large  and  the  banks  are  worn  very  littl^^ 

From  Chalk  Bluff  to  Lil)erty  the  liver  is  from  150  to  250  ft^et  in  width,  with  the 
same  succession  of  deep  portions  and  shoals  as  in  theu]>per  part,  the  shoals  iMMng  sand 
deposits  with  very  short  distances  betwi^en.  The  river  is  very  tortuous,  with  a  brunt 
bends,  exposing  its  banks  alt-ernately  to  the  action  of  the  current.  The  banks  at  higii- 
"n'flter  are  worn  away  <ni  one  side  and  built  out  on  the  otlier,  and,  as  they  are  covered 
with  timber,  immense  quantities  are  drawn  into  the  rivtT.  Trees  are  undennined  and 
soon  fill  the  bonds  with  snags  which  become  waterlogged  and  are  not  carried  off 
during  the  high  stage  of  the  river.  Any  imurovement  of  this  part  of  the  river  should 
include  the  girdling  or  cutting  away  of  timber  along  the  concave  banks.  There  is  an 
average  of  one  tree  1^  foot  in  diameter  to  every  30  feet  squaris  The  concave  banks 
are  almost  vertical,  wliile  the  opposite  bank  fre(|nently  lias  a  slope  of  1  to  10.  At. 
these  bends  the  water  surfiu>e  at  low-water  is  from  50  feet  to  100  feet  wide. 

Several  cut-offs  have  been  formed  in  this  part  of  the  river,  and  one  is  now  pari 'y 
made.  (See  map,  shee.t  No.  4.)  It  is  1,250  feet  in  a  <lirect  line  from  the  upper  to  tli»< 
lower  end  of  this  cut-off.  It  leaves  the  channel  abovi*  and  conies  into  that  l>elow  .a 
right  angh^s.  The  banks  an;  about  W  feet  in  height  above  low-wat<*r.  High-waN-r 
rises  25.6  feet  above  low- water,  and  5  feet  higher  than  the  bank.  The  channel  of  the 
cut-off  is  90  feet  wide  at  itsupi)erend  and  50  feet  at  the  lower  end,  and  is  a  succession 
of  pools  50  feet  to  75  feet  in  length,  and  15  feet  to  20  ievt  jleep,  with  narrow  partitions 
or  dams  between,  which  are  20  feet  to  25  feet  thick,  measured  in  the  direction  of  the 
current,  and  which  rise  3  fet?t  to  4  feet  above  low-water.  At  the  time  of  the  survey  no 
water  was  flowing  into  the  cut-off,  it  being  separate<l  from  the  river  by  banks  3  feet 
and  6  feet  high  at  its  up]Mir  and  h)wer  ends,  respectively.  Half  a  dozen  trees,  a  foot 
in  diameter,  growing  on  the  bank  at  tluo  upper  end  prevent  any  drift  from  entering 
the  cut-ofl*. 

Half  a  mile  above  this  <Mi(-off  there  is  a  width  of  about  120  feet  between  two  i)or- 
tions  of  the  river,  which  is  being  constantly  diminished  by  caving  on  each  side.    . 

At  Liberty,  41  miles  above  its  mouth,  the  river  is  afle<tted  by  the  ticle  and  changes 
its  charactAjr  entirely.  IJetween  Liberty  and  Moss  Blutt'  it  is  from  200  to  275  feet  in 
width  and  5  feet  to  30  feet  in  depth,  with  the  exception  of  one  place  where  only  2  feet 
was  found  for  a  distance  of  200  feet.  There  are  few  snags,  the  banks  are  worn  very 
little,  and  uncovered  sand  bars  are  ftuind  only  near  Liberty.  It  however  continuins 
ver>-  tortuous. 

l*>om  Moss  Bluff  t;0  its  mouth,  it  is  200  feet  to  500  feet  wide  and  10  feet  to  45  fe^'t 
deep,  a  clear  open  channel  free  from  obstruction  of  every  kind. 

At  its  mouth  the  river  flows  into  Galvest'Cui  Bay  thnmgh  four  ]>rincipal  channels, 
Southwest,  Middle,  and  Anderson  Passes,  and  the  "  Canal ''  and  a  number  of  small 
bayous. 

TOWN'S. 

■ 

Riverside,  Walker  County,  at  the  eroshing  of  the  International  and  Great  Northern 
Railroad,  has  3  stones,  a  cotton-seed-oil  mill  capable  of  ])roduciug  50  bamds  of  oil  ]>er 
day,  and  3  dwellings.  There  is  a  stone  quarry  here  worked  by  tlie  Inteniati(uial  an<l 
Great  Northern  Railroad  Company,  from  which  a  soft  sandstone,  excellent  for  build- 
ing pnrp(»ses  is  obtained  in  abundance;  1,05(5  bales  of  cotton  were  shipped  in  187H, 
and  about  800  bales  of  the  crop  of  1879  will  be  shipped,  all  of  it  going  by  way  of  the 
iDtematioual  and  Great  Northern  Railroad.  An  average  of  1,(K)0,0(X)  feet,  board 
raeaaoie,  of  lumber  is  shipped  per  numth  from  a  saw-mill  1.J  miles  north  of  Riverside. 
No  steamlK)at  has  been  at  this  place  since  1H70. 

Newport,  Walker  County,  on  the  west  bank  of  the  river,  2|  miles  below  Rivei-side, 
htm  a  store  and  2  dwelling-houses.     There  is  a  juiblic  ferry  here. 

The  site  of  S«»vafttopol  is  marked  by  the  ruins  of  a  warehouse. 

In  January,  1878,  the  steamer  Wren  went  up  to  Ryan's  FeiTy,  17  miles  below  River- 
Nde,  and  took  off  aloa^l  of  cotton.  No  steamboat  has  been  that  high  up  since.  In 
1879,  600  bales  of  cotton  were  carried  down  the  river  without  steam  ])ower,  (m  a  barge 
built  at  the  ferry. 

Swartwout,  Polk  County,  on  the  east  bank  of  the  river,  has  4  dwelling-houses.  No 
bnHineas  is  done  here. 

Marianna,  Polk  County,  75  miles  below  Uiverside  and  82  miles  above  Liberty,  has  3 
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►torcH,  a  Hcliool-lioiiHc,  iiiul  warolioiiw',  aixl  5  reHideiices.  While  8teainl>oat8  Avero  uuv- 
i>(iitiiiK  thr  riv«T  it.  waw  the  most  important  place  above  Liberty.  lu  1879,  75  bales  of 
rotton  were  lloat(^<i  down  the  river  on  a  tiat-boat.  The  steiimer  Van  Bnskirk  made 
two  tripH  t(»  thiH  place,  one  in  .lannary  and  another  in  April,  1879,  taking  off  450  bale« 
(»r  <^otton.  <  hi  ttie  flrnt  trip  Hlie  was  detained  one  month,  and  on  the  scicond  two 
nionthH,  by  Iho  falling  of  the  river.  The  Houston,  East  and  West  Texas  Narrow-gauge 
KailrotMl,  now  nn<U'r  conHtruotion,  crosses  the  Trinity  River  4^  miles  alK)ve  Mariaiuia. 
It  will  be  eoninU^ted  to  (jloodwieh,  7  miles  north  of  Marianna,  by  July  1,  1880,  and 
will  carrv  olf  all  tlw*  cotton  from  that  vicinity,  as  fanners  have  to  sell  as  early  as  pos- 
sible an<i  ennnot  de]>end  ninm  arise  in  the  river. 

IJbertv,  <M>unty  seat  of  Liberty  (.Jounty,  1  mile  west  of  the  river  and  41  miles  above 
its  numtli,  on  the  Texas  and  New  Orleans  Railroad,  is  by  far  the  most  important  place 
on  the  river.  It  has  300  inhabitants,  9  stores,  and  is  surrounded  by  a  thickly  settled 
etMUitry.  An  average  of  l,r>()0  bales  of  cotton  is  shipped  per  annum  over  the  railroad, 
all  of  which  would  go  by  boats  if  the  river  were  free  from  obstruction.  Sngar-cane 
is  raised  in  snuUl  (|uantities,  and  G  or  8  small  sugar-mills  in  the  vicinity  supply  the 
Murrtuuiding  country  with  sugar  and  molasses.  It  is  the  head  of  ti<le-water,  and  the 
river  is  usually  navigable  to  this  place  from  October  1  to  June  I,  if  boat«  could  get 
over  the  bar  at  at  the  mouth  of  the  river. 

Mi>ss  HlutV,  *^l  miles  below  Liberty,  has  a  store  and  post-office  and  2  dwellings,  and 
ti\\\\\H  UK)  bales  of  cotton  per  annum  (h>wn  the  river  on  scho<mers.  These  S4rli(»ouei*s 
ulm»  carry  c«u'»1-w(muI  and  lumber  tVom  above  aiul  below  Moss  Blutf. 

WalUs\ille«  the  county  seat  of  Chambei-s  County,  6  miles  above  the  mouth  of  the 
river,  has  ^stores,  a  ptist-oihce,  and  steam  eotttmgin,  and  about  200  inhabitants. 
Alwut  vkH)  l»ales  (»f  cotton  aiv  shinp(><l  ]>er  annum  per  schooners. 

The  priMlnots  of  the  valley  auu  ai\jacent  country  are  cotton,  com,  sugar-cane,  and 
huiiWr,  i'ottou  ivceives  more  attention  than  any  other  crop,  and  is  cuTtivate<l  with 
sueeess*  Near  the  mouth  of  the  river  sea-island  cotton  is  produced.  The  valley  is 
i*overe*l  w  ilh  fori'sts  of  oak,  gum,  walnut,  cypn»ss,  and  other  timber,  and  the  mUaceut 
hills  an*  covertMl  \n  ith  pine.  Fii-st-class  building  stone  is  found  in  the  vicinity  of  Riv- 
erside, 

The  chief  e\|H)rts  of  the  valley  an*  cotton,  conl-wmHl,  and  lumber.  The  cane  used 
in  the  gabiouuade  now  under  construction  at  the  entranet*  to  Galveston  Harbor  is  ob- 
(aiiuHl  tVom  the  banks  of  the  Trinity  and  transiH>rtiHl  to  HolivarFoiDt  in  schooners. 

i^ue  sl«*anilHmt  was  cugagtsl  in  the  river  mule  in  I'CIK  but  is  not  exjiected  to  re- 
»uu»e  the  tiadc  in  l>^>. 

iMTum  kmi:ni"s. 

>WU>w  LilK^rty  the  only  impnucmeuls  ueetUnl  to  pnHlui^e  a  channel  75  feet  wiileand 
%» tVvl  deep  at  low  tide  an*  the  dn*dgiug  of  a  sand  Inir  4*  miW  Wlow  l<.ib«*rty  and  the 
Imr  at  the  mouth  \>(  the  river  and  the  nMuoval  of  alnuit  ^»  snags. 

The  estimates  of  material  to  In*  excavattnl  an': 

tW  Mr  ««•»*  tntr, — l.c!igth  of  cut,  liiO  tVvt :  aver:»s;e  depth.  'i.O  fert:  cubic  yaunls  of 
c\ca>atioM,  i^olL 

tW  i\tr  m\}»ttk  x\r'  (kf  .Vi(^it\V  ra**.  — l.c!»«:;h  of  cut,  tj.'tiiv  tV*'t :  avenii^e  depth.  1.7  feet ; 
vubu'  xanl*  of  e\ca\aCiou.  V>.TU>. 

AlH»xe  l.iWriy  the  i!upr\»\»*meuts  will  o»t»'iist  **f  r*»«K»ving  snn^  ami  cutting  down 
or  midluvit  tn'^'s  on  the  vor\ave  Kiuk'*,     f'**^  >>uicx  w  i!l  a\eni^f  :K>  i»er  mile,  and  the 
tnx*  ^.nl  the  Iviulv  I  tuv  tv»  ^i**  uv'  <«fMV\ . 
K«-s>tv\ttulty. 

W.  L..  Webb, 

C;4^»t.  i\  K.  I.  K   lUx.x, 


IVVKv^XlNv.;  CKVNNKl    o\  b  K  KvK    VV  Vv>l  Hi  OF  tiKAZvXS  RIVEK,  TEXAS. 

K^jviC  v»t'  i'hivf  of  Kt!u:tu^'rs  for  ISTvK  A^^jvii^liv  S  J^  piK  929-Wl, 
U^^i^rciUvs  tti**  ifiumiivt*  aikI  i:*^v>  pluus  j^nd  tfstrtiuite*  ft»r  the  improve- 
atufttt  ot'  tlw  vhAuiul  o\^r  l>**r. 

r^«f  !*V:i  ••»*  K'^v'c  doN*-' !>•'*    Ml-   ■  >«'  «,^r''  .•!'  V',*\"-«^  "hrvHiith  dh  single  natural 
V'k*  "NCI   ■•;»sc'^''w  i  ■i«M.v\  '»•'•"«»»•«  1 1  ^\ '..?'•»    iii«'  -.li.-i*:?!  vc\nu  the  cucitfC  far  several 
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miles  up  stream,  the  width  averaging  from  500  to  600  feet,  the  depth  from  15  to  18 
feet. 

The  be<l  of  the  river  is  soft  mud ;  the  banks,  except  at  a  few  points,  arc  above  over- 
flow. 

At  the  month  a  bar  has  been  formed,  composed  of  sand  overlying  a  bed  of  bhie  clay 
in  position. 

The  crest  of  the  bar  is  about  three-eighths  of  a  mile  from  the  shore  line.     ♦     *     * 
The  dex)th  of  wat*;r  available  for  crossing  is  ordinarily  between  7  and  8  feet.     *     *     ♦ 

RECOMMENDATIO^'S. 

Construction  of  two  jetties  startinfj  from  the  headlands  at  the  mouth 
of  the  river,  following  the  sides  of  the  natural  channel  across  the  bar, 
and  converging  so  as  to  give  an  oi)ening  between  their  heads  on  the 
crest  of  the  bar  of  about  400  feet.  The  greatest  length  to  be  given  each 
jetty,  five-eighths  of  a  mile. 

APPRO-XIMATK   ESTIMATE. 

Palmetto  piles,  1  foot  diameter,  15  feet  long 6,000 

Palmetto  piles,  1  foot  diameter,  30  feet  long 4, 000 

Linear  feet  yellow-pine  stringers,  8  by  I'i  inches 8,000 

Linear  feet  yellow-pine  anchor-piles,  8  by  1*2  inches 14, 000 

Cobio  yards  stone 20,000 

Cubic  yards  fascines 20,000 

Pounds  boltfl :W,00O 

Total  cost,  $286,4^4. 

EFFECTS  TO  BE  CAUSED  BY  THE  JETTIES. 

1st.  Concentration  of  river-discharge  directly  on  the  bar,  with  in- 
creased velocity  of  cnrrent,  causing  erosion  of  a  deeper  channel. 

2d.  Deepening  of  river-bed  for  several  miles  above  the  bar. 

3d.  The  accumulation  of  sand  behind  the  jetties,  thereby  extending 
the  headlands  at  tlie  river's  mouth. 

4th.  A  slow  extension  of  the  bar  gulfward,  necessitating  in  the  course 
of  time  an  extension  of  the  jetties. 

In  addition  to  the  estimate  of  $28G,484,  as  above  given,  attention  is 
invited  to  Report  of  Chief  of  Engineers,  pp.  938-94G,  1879. 

The  first  appropriation  for  this  point,  applicable  to  improving  channel 
over  bar  at  mouth  of  Brazos  Kiver,  Texas,  including  a  report  upon  the 
capacity  of  the  harbor  at  the  mouth  of  the  Brazos  and  its  adaptability 
as  a  harbor  of  refuge  and  naval  station,  $40,000,  was  made  by  act  of 
Congress  approved  June  14,  1880. 

PROBABLE  OPERATIONS  OF  THE  YEAR  18S0-'81. 

The  report  upon  the  capacity  of  the  harbor  and  its  adaptability  as  a 
harbor  of  refuge  and  naval  station  will  be  renderetl  immediately  after 
the  examination,  <&c.,  necessary  is  made. 

Actual  work — improvement  of  the  harbor — will  commence  early  this 
taHlj  and  an  exceUeut  beginning  can  be  made  here  with  the  funds  now 
made  available. 

Original  estimate  (inconii>lfte) ^286, 4H4 

Appropriated 40,000 

Unappropriated  balance 246, 484 

Of  which  amount  $100,000  can  be  protitiibly  expended  in  constnictirg 
jetties  during  the  fiscal  year  ending  June  30,  1882. 


• 
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The  work  is  not  considered  as  susceptible  of  permanent  completion, 
and  estimates  will  vary  accordingly. 

It  is  located  in  the  collection  district  of  Galveston,  and  tlie  nearest  light  house  is  at 
entrance  to  Galveston  Harbor. 

Money  statement. 

Amount  appropnated  by  act  approved  June  14,  1880 >tO,  000  00 

July  1,  IHHO,  amount  available 40,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 246, 484  00 

Amount  that  can  be  profitably  expeuded  in  fiscal  year  ending  Juno  30, 1882.  100, 000  00 


N  7. 
IMPROVEMENT  OF   TASS   CAVALLO  INLET  TO   MATAGORDA  BAY,  TEXAS. 

First  survey  made  in  1871 ;  report  rendered  May  2, 1871. 

Second  survey,  ^'  at  the  entrance  of  Matagorda  Bay  and  the  channel 
to  Indianola,  Tex.,''  was  made  in  1873,  and  report  forwarded  February 
4, 1874 :  recommendations^  &c.,  for  a  system  of  training  walls  and  jet- 
ties (gaoion  structure),  to  insure  a  single  channel  across  the  bar  witibi  a 
depth  of  18  or  20  feet,  and  a  width  of  from  500  to  1,000  feet  Estimate, 
$715,315. 

Appropriated,  August  14,  1876 |20,000 

Appropriated,  Jiuie  18,  1878 25,000 

Ee-examination  of  the  pass  was  made  between  August  21  and  Sep- 
tember 23,  1878;  from  report  of  which  the  olBftcer  in  charge  concladed, 
April  12,  1879,  to  recommend  that  the  subject  of  improvement  of  this 
pass  (with  the  funds  available,  $70,000)  be  laid  before  a  Board  of  En- 
l^neers.  Eeport  of  Board  (convened  by  Special  Order  No.  63,  head- 
<iuarter8  Corps  of  Engineers,  1879)  recommends : 

1.  Construction  of  one  jetty,  starting  from  the  head  of  Matagorda 
Island  and  running  in  a  southeasterly  direction ;  and, 

2.  For  construction  of  groins  to  protect  the  shores  where  protection 
becomes  necessary. 

Object  of  jetty,  to  obtain  a  depth  of  12  feet  over  the  bar. 

ESTIMATE. 

Jetty  1,(H)0  feet,  6  feet  high,  7i  feet  wide  at  top,  at  $:i6 $36»  000 

Jetty  6,550  foot,  10 feet  high,  20  feet  wide  at  top,  at  $100 655,000 

691,000 
<'()iitingeiici<\s,  10  p<'r  cent 69, 100 

Total 760,100 

Groinafor  shore  proieciion. 


r),400  feet  on  shore,  at$:j |16„! 

•<),  600  feet,  at  $36 237,000 

963,600 
Coutingeiicies,  10  per  cent •••      S6|380 

Total 279,180 

See  report  of  Board  of  Eugineers  for  1879,  published  herewith. 
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PROGRESS  MADE  DrUING  THE   YEAR  ENDING  JUNE  oO,  1880. 

Preparing  for  the  conduct  of  the  work  outlined  by  the  Board  of  En- 
gineers, under  the  several  appropriations  given — 

August  14,  1876 $-20,000 

June  18,  1878 2r>.00O 

March  3, 1879 25,000 

Juno  14,  1880 50,000 

Ag^rogate 120,000 

PROPOSED  OPEKATIONS  FOR  THE  YEAR  188()-'81. 

Constniction  of  works  in  the  manner  planned  by  the  Engineer  Boards 
to  the  extent  of  available  funds,  by  contract,  after  inviting  lu'oposals  in 
the  usual  manner. 

Original  estiuinte  (1879) §l,0:»,18O 

Appropriated  (187b-'80) 120,000 

Unappropriated  balance 919, 180 

Of  which  sum  $200,000  can  be  profitably  expended  during  the  j'ear^ 
iu  oonstructiDg  the  works  of  improvement  i)rojected. 

The  "work  \h  located  in  th<"  collection  district  of  Indianola/fex.,  and  near  Matagorda 
li^ht-house. 

Money  statement 

July  1,  1^9,  amount  available irf>7,()68  50 

Amount  appropriated  by  act  approved  June  14,  1880 50, 000  00 

I||ill7,068  59 

July  1, 1880,  amount  expended  during  fiBcal  year 536  79 

July  1,  1880,  amount  available 117,131  80 

Amount  (eHtimated)  required  for  completion  of  existing  project 919, 180  OO 

Amount  that  can  be  pi-ofitably  exjiendcd  in  iiscal  year  ending  June  30, 1882.     200, 000  00 


N  8. 

IMPROVEMENT  OF  AKANSAS  PASS  AND  BAY  UP  TO  ROCKPORT  AND  COR- 
PUS CPIRISTI,  TEXAS. 

Ill  1871  snrvey  was  made,  report  of  which  was  rendered  April  1, 
1871. 

In  1878  a  "  snrvey  of  Aransas  Pass  and  Bay  np  to  Kockport  and  Cor- 
poB  Christi  Pass  and  Channel"  was  made.  Plans  and  estimates  for  im- 
provement were  rendered  February  1,  1879. 

Estimate  (for  outer  bar  and  protection  of  Mustang  Island) ^180, 845  00 

Efltimat-e  (for  inside  work,  dam,  dredging,  «fec.) 441, 537  75 

Appropriated  March  3,  1879 35,000  00 

The  subject  of  the  improvement  of  this  pass  and  bay  was  referred  to 
ft  Board  of  Engineers,  and  their  report,  dated  August  9, 1879,  published 
lierewith,  gives  all  attainable  information.  They  submit  projects  and 
estimates  as  follows : 

Parallel  jetties  from  the  south  end  of  Saint  Joseph's  Island  and  the 
north  end  of  Mustang:  Island,  contracting^  width  of  water-way,  and  car- 
ried out  a  sufficient  distance  to  attbrd  a  draught  of  12  feet  at  mean  low- 
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water  over  the  bar,  aud  of  groins  for  the  protection  of  the  head  of 
Mustang  Island  up  to  and  beyond  Turtle  Cove,  in  conjunction  with  a 
beach-flooring  of  mattresses. 


ESTIMATES. 


For  the  Pass. 


North  jetty $344,000 

South  jetty 203,950 

Oroina 26,400 

Shore  protection 24,000 

Contingencies,  10  per  cent 68,835 

riautiug  trees  on  Saint  Joseph's  Island 2, 000 

Aggregate 759,185 

For  the  Bay. 
<M^jor  HowelVs  report,  1879 $441,537  75) 

PROGRESS  MADE  DURING  YEAR  ENDING  JUNE   30,  1880. 

Preliminary  mc^siirss  for  the  conduct  of  the  work  of  improvement,  as 
outlined  by  the  Board  of  Engineers,  were  taken  early  in  April,  and  dur- 
ing May  and  June  the  work  proceeded  fairly  satisfactorily. 

The  principal  hinderance  to  rapid  progress  was  the  delay  experienced 
in  procuring  material,  owing  to  the  general  bad  weather  along  the  coast 
and  the  unusually  high  stage  of  water  at  the  pass  and  in  the  bay.  Pre- 
paratory arrangements  for  the  constant  supply  of  stone,  brush,  &c..  to 
be  furnished  were  made,  and  now  that  accommodations  are  in  complete 
order  for  the  working-force  it  is  expected  that  work  upon  the  improve- 
ment of  the  pass  will  proceed  rapidly  to  the  exhaustion  of  funds  avail- 
able for  expenditure — appropriation  of  1879 — in  doing  work  by  hired 
labor  and  purchasing  materials  in  open  market. 

There  were  constructed  two  frame  buildings,  viz,  one  lodging  and 
lK)arding  house  (for  the  employes)  and  one  office  (for  use  of  assistant 
in  charge),  also  the  necessary  accessiories  required. 

On  June  17  the  work  on  Harbor  Island  jetty  was  commenced,  mat- 
tresses constructed  in  situ  in  shallow  water  (18  to  24  to  30  inches  where 
they  are  to  remain),  from  thence  out  into  deep  water;  mattresses  to  be 
placed  in  regular  manner,  viz,  constructed  on  platform,  launched,  towed 
to  place,  and  then  sunk  as  required. 

A  forming  platform  for  constniction  is  well  under  way  and  will  be 
ready  for  work  the  eiirly  part  of  July. 

PROBABLE  OPERATIONS  OF  THE  YEAR  ENDING  JUNE  30,  1881. 

Continuation  of  work  in  acconlance  with  the  views  expressed  by  the 
Board  of  Engineers,  the  methoil  of  procedure,  &c.,  being  subject  to 
**  approved  nuHlifications"  during  the  continuance  of  the  work. 

The  $3o,0lK)  appropriated  in  1879  will  Ik*  exhausted  in  work  done  by 
hired  lalx)r  and  purchase  of  material  in  o]H*n  market. 

The  ;JOr>,000  appn>priateil  in  1S80  will  be  applied  to  continuing  work 
by  contract  after  inviting  proposiils  in  the  usual  way. 

Orijjinal  estimate  (l^79^ $1,200,782  75 

Appropriate4i(li?7»-'j?0) 100,100  00 

Total 1,100,782  75 
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Of  this  amount  $200,000  can  be  very  profitably  exiiended  in  the  fiscal 
year  ending  June  30, 1882,  in  constructing  jetties,  &c.,  in  accordance 
with  approved  plans  for  the  improvement  of  the  pa«a. 

STATISTICS. 

The  letter  of  June  30, 1880,  with  accompanying  paiHjrs,  1  to  7  inclu- 
sive from  Col.  Thomas  S.  Sedgwick,  my  assistant  in  immediate  charge 
of  the  work  of  improvement  at  Aransas  Pass,  is  given  herewith ;  also 
attached  hereto  is  a  copy  of  a  letter  of  recent  date  (June,  1880)  re- 
ceived from  Mr.  O.  W.  Fulton. 

The  work  is  located  in  the  collection  district  of  Coq^ns  Christ  i,  and  the  nearest  light- 
faoiise  is  at  Aransas  Pass. 

Money  statement 

Jnly  1,  1879,  amount  available 1^35,000  0(> 

Amount  appropriated  by  act  appwved  June  14, 1880 65, 000  00 

$100, 000  00 

July  1, 1880,  amount  expended  during  fiscal  year 5, 694  99 

Jijly  1,  1880,  outstanding  liabilities /. 2, 000  00 

7,694  99 

Jnly  1,  1880,  amount  available 92,305  01 

Amount  (estimated)  required  for  completion  of  existing  project 1, 100,722  75 

Amount  that  can  be  profitably  expended  in  fiscal  year  eii<ling  Juu<*  30, 1882 .     200, 000  00 


COMMRRCIAL    STATISTICS,    KT1\ — UKIH»RT    OF    MR.     TUoMAS    H.    SKDOWICK,   ASSISTANT 

KNGINKER. 

Aransas  Pass,  Texas,  June  30,  1880. 

Sir:  I  have  the  honor  to  fransmit  the  following  tables  of  statistics  of  comiueFoe  and 
trade  of  the  bays  entered  from  this  pass  and  the  towns  thereon : 

c'oRrrs  niRisTi  ri'STOM-norsE. 

1.  Statement  of  arrival  of  vessids. 

9.  Statement  of  entries  of  vessels  and  tonnage  inside. 

r^.  Statement  of  vesscds  entere<l  and  cleared  via  Pass. 

4.  Sliipmenta  and  n*eeipts  over  Corpus  Christi  Wharf  Comi»any's  Wharf. 

r>.  Shipment  of  cattle  by  Coleman  &  Fnlton  at  Kockport. 

f.,  Pnilncts  shipi>e4l  by  Boston  Beef- Packing  Company,  Fulton, 

7.  Arrival  and  departures  at  Aransas  Pass,  and  average  stage  of  water. 

The  statement  of  Mr.  E.  F.  Mercer  is  very  interesting  as  showing  the  average  stage 
of  water  on  the  bar  for  each  mouth  for  the  last  five  years,  and  his  remarks  in  reganl 
to  the  ch*bracter  of  vessels  aiTiving  and  departing  as  the  water  on  the  bar  decreased. 
From  November,  1879,  to  June,  iHdO,  inclusive,  there  have  been  no  arrivals  of  steani- 
■  ffn  regularly  in  trmle,  tho.se  arriving  and  departing  in  February  and  March  being  an 
"  occasiouar'  regular  steamship  anua  steam  combine<l  four-masted  schooner  (the  Sid- 
bnry)  built  for  this  s]>ecial  trade,  now  running,  claased  as  sail. 

Statement  No.  1  shows  a  gr(>at  falling  off  of  arrivals  via  the  Piiss,  and  a  correspond^ 
ing  increase  of  arrivals  from  inside  coastwise  waters. 

Statement  No.  2  shows  the  greatly  increased  business  for  inside  ports  from  4  entries 
and  no  clearances  in  1878  to  141  entries  and  62  clearanc«>s  in  1879, 

Statement  No.  3  shows  a  d4'<Tejis«^  of  tonnage  from  70,768  t<nis  in  1877  t-o  47,729  in 
l'*78,  and  to  3,276  in  1879,  a  (U^Tease  of  95  per  cent,  in  two  years  in  both  entries  au<l 
cl^^arances. 

Statement  No.  2  shows  the  coiTes])ouding  increase. 

Statement  No.  4,  with  letter  of  Mr.  Doddridge,  explains  that  the  change  of  tonnage 
and  character  of  ves.sels,  as  stated  by  Pilot  Mercer,  has  <?()st  the  commerce  of  Corpus 
Christi  alone  jB6.'),01K)  for  the  ])ast  year. 

Statement  No.  5  shows  that  the  business  of  C«)lemau  &.  Fulton  has  gradually  de- 
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creased  to  1877,  and  is  now  suspended  from  this  port.    Rockport  is  ahnost  deserted  in 
business. 

Statement  No.  6  shows  the  oflfect  on  the  industries  established  here  under  the  most 
favorable  circumstances.  It  is  doubtful  whether  the  Boston  Beef-Packing  and  Can- 
ning Company  will  resume  operations  until  there  is  an  increased  depth  of  water  on 
the  uar. 

Statement  No.  7  shows  that  while  the  depth  of  water  on  the  bar  was  8  feet  and  more, 
the  average  arrivals  of  steam  vessels  was  6,  7,  or  8  per  month — about  two  each  week, 
indicating  the  regular  demand  for  steam  transportation.  You  will  further  observe 
that  as  the  bar  shoaled  to  a  depth  below  8  feet  there  was  a  mairked  falling  off  of  busi- 
ness per  steam  vessels.  They  seemed  loth  to  abandon  the  trade,  and  held  on  while 
there  were  7^  and  7  feet  of  water,  evidently  hoping  for  some  favorable  change  on  the 
bar. 

This  feature  is  instructive,  as  showing  that  6  feet  of  water  on  the  bar  has  been  suf- 
ficient for  the  demands  of  commerce. 

The  greater  number  of  arrivals  and  departures  of  steam  vessels  during  the  months 
of  September,  October,  November,  and  December,  1877,  indicate  a  promised  and  in- 
creased commerce  for  these  bays,  which  was  disappointed  because  of  the  shoaling  of 
the  bar  to  7^  feet. 

The  increase  of  water  on  the  bar  from  ftj  to  11  feet  was  caused  by  a  severe  north- 
wester that  blew  on  the  16th  of  September,  1875,  accompanied  with  such  heavy  rain- 
fall that  a  fire  could  not  be  kept  up  in  a  common  fire-place. 

The  channel  then  made  hehl  about  the  same  relative  position  with  the  north  end  of 
Mustang  Island  as  does  the  present  one. 

I  am,  very  respectfully,  your  obe<lient  servaut, 

Thomas  S.  Skdgwick, 

Jsmstant  Engineer, 

Maj.  S.  M.  Mansfikld, 

Corps  of  EngineerH, 


List  of  arnvah  of  vesseh  at  port  of  Corptis  Chrintij   Ttx,^  from  Janaaryj  1876,  to  Junej 

1880,  inclusive. 


Total  lor  vear. 


1876 

1877 

1878 

1879 

1880 

Total 


Through  Aran- 
sas Pass. 

From  inside. 

No.    Tonuage. 

No. 

Toonage. 

156 
188 
177 
137 
68 

51,  557 
75,  065 
48,257 
7,867 
11,851 

309 
434 
402 
608 
251 

5,093 
6,745 
6,609 
10,403 
4,874 

726 

194,097 

2,004 

33,  784 

Remarks. 


Only  for  six  mouths. 


Statement  of  vessels  and  their  tonnage  entered  and  cleared  at  Corpus  ('hristif  Tex,, for  inside 

portSf  from  January^  1876,  to  JunSj  1880,  inclusive. 


Total  for 

year. 

Entered. 

Cleared. 

i  No. 

1 

...1        5 

Tonnage. 

1 

No.  t  Tonnage., 

1876. 
1877  . 

80 

5                80 

187rt 

Total 

...1     141 
...'      74 



62 
3,025 
1,813 

,..,..i 

1879. 
1880. 

62           1, 240 
26  1            652 

. . .      224 

1        4,980 

93           1,972 

Remarks. 


No  transaotions. 
No  clearances 

652     Only  for  six  months 
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Statement  of  vessels  and  their  ionncige  entered  and  cleared  at  Corpus  Christi,  Tex,,  via 

Aransas 'Pass,  from  January,  1876,  to  June,  1880,  inclusive. 


Total  for  year. 


Entered. 


Cleared. 


No. 


1876 ■  09 

19n '  100 

1878 79 

1879 !  61 

1880 1  32 

Total I  341 


Tonnage.    Ko.  I  Tonnage. 


40, 401 

70,768 

47,729 

3,276 

9,005 


70  ! 

84l 
67 
34 
9  I 


47, 415 

56,882 

35,346 

2,325 

6,718 


177, 179  >    254  I    148, 686 


Bemarks. 


Only  for  six  months. 


LETTER  OF  COIIPUS  CHRI8TI   WHARF  AND  WAREHOUSE  COMPANY. 

Corpus  Christi,  Tex.,  June  28,  1880. 

Dear  Sir:  I  lierewitli  inclose  you  a  statement  of  receipts  and  shipments  over  oar 
wharves  for  the  last  year. 

Before  the  closing  of  Aransas  Bar  all  this  freight  came  and  went  by  that  route,  bat, 
owing  to  the  closing  of  the  bar,  most  of  it  now  goes  by  lighters  through  the  bays  to 
Indianola  for  shipment,  at  an  additional  cost  to  the  X)roducer  and  consumer  of  about 
15  cents  per  100  pounds,  say  ^  per  ton  on  the  whole,  as  what  few  vessels  now  cross 
the  bar  are  of  light  draught  and  small  carrving  capacity,  and  charge  a  much  higher 
Tat«  of  freight  than  we  formerly  had  while  the  bar  wa«  open  and  we  could  get  a  larger 
class  of  vessels  and  steamers  in. 

The  rates  of  lighterage  since  I  gave  a  former  report  to  Hon.  C.  Upson,  M.  C,  from 
our  district,  have  been  reduced,  so  that  we  now  pay  15  cents  per  100  pounds  instead  of 
25  cents  at  that  time. 

I  estimate  the  actual  extra  expense  for  this  year,  for  above  reasons,  at  about  $65,000 
for  goods  shipped  to  and  from  Coriiiis  Christi. 
Yours,  respectfully, 

P.  Doddridge, 
Treasurer  Corpus  Christi  Wharf  and  IFarehouse  Company, 

Col.  Thos.  S.  Sedgwick. 


ceipts  and  shijmienUi  over  the  tcharves  of  Corpus  Cliristi,  Tex.,  from  July  1, 1879,  to  June 

28,  1880. 


Articles. 


'  Quantity. 


SHIPMENTS. 

Wool pounds. 

Hides,  green  salted number. 

Bones tons. 

Kips,  dry pounds. 

Sheep head. 

Hides,  dry number. 

Skins  pounds . 

HoTse-bair do... 

Tallow barrels. 

RECEn»T8.  • 

Merchandise barrel  s . 

Lnmber feet . 

Shingles v number. 


6, 500, 000 

1,700 

164 

177,000 

800 

65,000 

792,000 

42,000 

65 


120,000 
4,500,000 
1,500,000 


P.  DODDKIDGE, 

Treasurer  Corpus  Christi  Wharf  and  Warehoxtse  Company, 


LETTI-:il  OF  MESSRS.  COLEMAN  &  FULTON. 


ROCKPORT,  Tex.,  June  30,  1880. 

Sib:  In  accordance  with  your  recxuest  we  hand  you  herewith  the  total  nimiber  of 
Cftttie  shippedfrom  this  port  for  New  Orleans.  This  constitutes  about  one-third  of  our 
entire  shipments,  the  balance  having  been  shipped  from  Indianola,  principally  to  Cuba« 

79  E 
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From  this  port  for  New  Orleans,  say — 

Head, 

1873 83,000 

1874  26,000 

1875 21,600 

1876  18,300 

1877  15,700 

Total 104,600 

In  1878  a  very  few  cattle  were  shipped — only  one  load — and  since  then  we  have  been 
completely  shut  in  from  the  world  in  consequence  of  the  closing  of  the  bar. 
Yours,  truly, 

Coleman  &  Fulton. 
Col.  Thos.  S.  Sedgwick. 


LETTER  OF  BOSTON  BEEF-PACKING  COMPANY. 

Fulton,  Tex.,  June  25,  1880. 

Colonel:  By  request  of  Col.  G.  W.  Fulton  we  inclose  herewith  statement  showing 
the  amount  of  our  exports  and  imports  and  the  effect  of  the  shoaling  of  Aransas  Pass 
Bar  on  our  business. 

Very  respectfully, 

Boston  Beef-Packing  Company, 
G.  M.  Cox. 
Col.  Thos.  Sedgwick. 

Statement  of  production  of  Boston  Beef-Pctcking  Company  At  Fulton,  Aransas  County,  TexoB, 

for  the  season  of  1879-'80,  exported  through  Aransas  Pass. 


Artioles. 


Hides pounds.. 

Calf-skins do — 

Tallow do.... 

Beef  (in  tin) do — 

Tongue  (in  tin) do — 

N'eavs-foot  oil do — 

Blood do — 

Bethes do — 

Hoofis do — 


Quantity. 


1, 246, 200 

8,526 

1, 142. 350 

2, 492, 400 

31, 155 

12,800 

83,  080 

35, 309 

20, 770 


Articles. 


Shin-bones pounds 

Knuckles do. . 

Hair do.- 

Tankings do. . 

Total 

Horn  s number 


Quantity. 


49,848 

28.039 

3,6S0 

830, 8(K) 


5,6m,  807 


41,540 


The  cost  of  freight  and  extra  charges  (necessitated  by  indirect  communication), 
the  excess  of  what  we  paid  during  the  season  of  1877  and  1878,  has  been  about  $20,000, 
and  in  addition  thereto  wo  have  had  to  build  extra  warehouses  for  the  storage  of 
coarse  products,  the  profit  on  which  will  not  admit  of  the  payment  of  heavy  freights 
caused  by  the  snoaling  of  the  bar. 

We  have  now  on  hand  over  a  million  pounds  of  fertilizers,  &c.,  awaiting  favorable 
charter. 

Our  imports  of  supplies  for  the  season  amounted  to  about  2,500,000  pounds. 


LETTER  OF  MR.  ED.   T.   MERCER,  BRANCH  PILOT,   ARANSAS  BAR. 

Aransas  Pass,  Texas,  June  30,  1880. 

I  have  the  pleasure  to  hand  you  herewith  a  statement  of  the  arrivals  and  departoieB 
over  this  bar  for  the  last  five  years,  together  with  the  average  depth  of  water  doling 
that  time,  taken  from  log-book  kept  at  this  station. 

I  respectfully  direct  your  attention  to  the  difference  of  tonnage  at  the  time  the  bar 
afforded  from  8  feet  and  upwards  and  then  when  the  bar  shoaled  to  7|  feet. 

When  we  had  from  8  to  10  feet,  the  steamships  wore  of  the  Morgan  line,  and  others, 
carrying  from  3,000  to  5,000  barrels  of  merchandise,  inward  and  outward,  ftill  cargoes 
of  wool,  hides,  canned  meats,  and  live-stock,  drawing  from  8  to  9  feet;  the  said  Tea- 
sels tnMing  from  New  York,  Boston,  Philadelphia,  and  other  ports,  were  from  200  to 
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300  tons,  carrying  cargoes  of  merchandise  inward  on  draft  of  from  8  to  10  feet,  and 
ftQl  oaigoes  outward  on  8  to  9  feet;  also  a  number  of  large  sailing  vessels  employed 
in  the  mmber  trade  on  draft  of  8  to  9  feet. 

When  the  bar  shoaled  to  7^  feet,  the  large  steamships  and  sailing  vessels  were  com- 
pelled to  haul  off  £rom  the  trade,  and  ones  of  lighter  draft  were  used  until  the  bar 
ahoaled  to  6  feet,  when  all  the  steamships  haul^  off  also  the  sailing  vessels,  only 
those  of  very  light  draft,  of  the  capacity  of  300  to  1,000  barrels. 

The  lumber  trade  was  changed  to  small  coasters  of  from  20,000  to  70,000  feet  capac- 
ity, and  the  bar  at  the  present  time  can  be  crossed  only  when  very  smooth. 
Yours,  respectfully, 

£d.  T.  Mercer, 
Branch  Pilotj  Aransas  Bar, 
CoL  Thos.  S.  Sedgwick, 

Assistant  Engineer. 
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Krci.TON,  Tex.,  Juh«  - 
Tbeintereiteviiiaed  bjr  vontn  ^niir  fiivot  of  lUh  instant  for -tben 
u  of  tbe  improvement  of  Aranstu  Paae,  now  nnder  yonr  charge,  induces 
swioiHy  miort!  yoa  my  views  of  the  importance  of  that  work  with  ngnrd  to  loon]  aa 
well  B8  national  interosts. 

In  the  years  1837-'38  and  '39,  in  the  two  latter  as  collector  of  customs  for  this  dis- 
trict under  the  Repnblio  of  TexM,  I  became  intimatnly  aoqnainted  with  ita  condition 
at  that  time,  when  vesaels  drawing  I'i  to  14  toet  poised  over  safely,  nnd  became  fully 
etmviuoed  of  its  fotnre  impart«ncc  to  the  commerce  of  a  large  area  of  coiuitj^  Ihen 
•Imoat  nuinhnbited,  and  tile  land,  except  along  rivet  and  bay  frouts,  esolnstvelj-  tli» 
wnperty  of  the  State.  Now  there  is  BOnroeiy  an  ncro  of  public  land  within  an  ares  of 
900  miles  fW>m  this  point  a«  a  center,  and  the  country  Is  rapidly  settling  beyond  towttrd 
t^  Upper  Sio  Gratide,  which,  fttia  its  mouth  in  latitnde  'i&^  to  a  point  due  west  from 
*^~iam  latitude  28",  does  not  vary  SI)  miles  b;om  the  quadrant  of  a  circle  of  300  milea 
iiM.  Beyond  that  point  tbe  Rio  Grandn  strct^ben  to  the  northwest  and  the  Gulf 
it  to  the  northeast,  whereby  Aronsae  remains  t.he  focal  point  of  the  vast  rti-^on  to 
.  n  Puo  Mid  beyond. 
AronsM  is  the  central  jioint  of  the  great  cattle-producing  country  of  Weet  Te:iaa. 


I!  Between  II 

I'&iSTe,  St  ^        , . - 

■i0ie  bar;  also,  great  numbera  of  horses,  sheep,  and  hogs,  as  well  as  tbe  large  wool 
Ktflpof  West  Texas,  and  the  hides,  wool,  load,  &d.,  of  Mexico,  and  the  return  cargeos 
^l|br  that  markfit ;  also,  a  large  Inmber  trade  and  geueral_8iip|i]ies  for  the  sorroiindljij; 
mlleH  north  n    ' 


rl  general  siippl: .        .    ._        ._ 

mtey  for  one  hundied  mlleH  north  and  west  to  the  Bio  Oraude.  Shice  thentl.  . 
fgt  oattle  hnsinesH  hoe  dwindled  to  the  extent  of  corned  meat  from  one  etitablf^- 
mt,  the  Bi>8ton  Beef-Packing  Company,  at  this  place,  wliich  has  heen  obliged  to 
a  the  extra  expense  of  lighterage  to  Inilianola  or  Galveeton  npon  its  large  opeia- 
1,  and  the  wool  and  Mexican  trade  of  Corpus  Chrlstt  has  been  likewise  overbnr- 
,_  la  and  injured.  Of  the  future  of  the  region  depcniling  npon  Aransas  PiuiafoTon 
Htlet,  I  would  remark  that,  in  luy  opinion,  it  is  destined  to  beeonwt  oua  of  the  best 
^rieultiiral  districts  iu  the  Bmith.  In  former  times  It  acquired  the  name  of  being 
^^ly  At  for  pasturage."  This  was  owing  to  the  fact  that  what  little  attempt  at 
—  AwasmadewOB  by  small  fariaers,  wltose  greater  interest  was  in  their  herds,  that 
.  ded  their  exclnsLvo  attention  at  a  time  that  should  have  been  exclusively  given 
m  their  crops,  which,  iu  oousoquence,  Vere  nniTersally  smotheied  with  rank  weeds 
toon  their  retnm  &am  the  spring  brouding,  the  growth  of  weeds  shoring  the  strength 
■the  ground,  which,  under  proper  culture,  woiud  have  produced  remunerative  crops. 
^thln  the  last  decade  there  h.is  been  a  great  revolution  going  on,  that,  like  all  revo- 
"'  "  LS,  was  looked  upou  with  small  favor  by  those  accustomra  to  the  former  order  of 
I,  bnl  which  In  moral  and  iudiiatrial  effects  npon  tlie  conntiy  is  only  now  begin- 
o  be  understood  and  realized.  I  aUnde  to  the  fact  that  almost  the  entire  radlna 
'e  described  around  ArauBan  has  been  inclosed  in  large  pastures  &om  10,000  to 
[nres  each.  Instead  of  the  former  abortive  effVirts  at  farming,  the  pasture 
■e,  by  proper  tillage,  proving  that  good  and  regular  crops  may  be  depended 
Is  will  lead  to  the  oatabhsluuent  of  fomiN  on  suitable  spots  now  used  cxcln- 
y  ton  pasturage ;  these  farmers  will  be  enabled  to  pay  for  their  lands  from  the 
rale  of  grniu  and  forage  to  the  cattle  berdora,  who  are  now  imjiroviiig  their  stocks, 
and  when,  by  the  opening  of  Aranaoa  Pom  to  foreign  shipping,  a  home  market  for 
groin-fed  beeves  will  be  estnJiliahed,  and  the  agricultural  anil  pastoral  interests  of  the 
ccnuitry  will  be  harmonized  to  their  mutual  benefit. 

f  rbo  moral  teudenc?  of  this  radical  chauKc  &om  the  former  mode  of  herding  cattle 
Ion  the  common,  with  its  anuual  scrambb  for  mavericks  or  unbranded  stock,  caus- 
[  the  ruin  of  many  young  men,  cannot  be  overestimated.  In  relating  the  foregoing 
rtionlais,  I  have  eudeavored  to  show  the  rapid  progress  of  the  country  dependent 
on  Aransas  Pass  for  its  commerce  with  the  world  under  its  present  embarra^tnnnt, 
d  to  ^VB  some  idea  of  its  capabilities,  when,  by  tbe  completion  of  the  work  in  which 
'  "  restrictions  opposing  its  iiirther  development  shall  have 
D  of  Aransas  as  a  commercial  port  is  thus  exprossed  by 
_.  ._juit  Maury:  ''The  waters  &om  every  part  of  the  Atlantis  tend  towanl  the 
tf  of  Mexico  and  its  streams,  and  Aransas  is  at  the  point  of  nearest  approoicli  of  the 
f  Stream  to  tbe  western  shore  of  the  Gulf.  This  great  river  of  the  ooeau  is  over 
'2  to  bring  and  take  commerce  to  and  &om  this  point,  while  the  reflex  current 
jnd  by  its  near  approach  will  remove  &aoa.  befbre  our  entrance,  wbeu  iinpmved, 
B  dtbrit  that  might  otherwise  remain  to  obstruct  it."  That  this  Uttoral  current  is 
"■■maximum  at  Aransas  is  well  shown  by  tbe  chart  of  the  surveys  of  the  Uniteil 
~  t,  aecompauyiug  Mi^or  Howell's  last  report.  Supposing  the  tendency  of  titn  mit- 
>om  each  pass  into  still  water  in  the  Oulf  would  be  at  a  right  angle  to  the  emut, 
e  CaflMtion  shown  is  3tP  at  Sabine,  3(P  ait  Galveston,  3.V  at  Cavollo,  66^  at  AtanMB, 
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and  nothing  at  Brazos  Santiago ;  hence,  at  Aransas  we  have  the  best  assorance  of 
suocess  for  the  jetty  system  proposed,  that  is,  a  strong  littoral  current.  Now,  in  tho 
natural  condition  of  the  pass,  this  strong  south  current  continually  forces  the  chiumel 
towards  the  coast  of  Mustang  Island  until,  being  brought  at  a  right  angle  to  the  pre- 
vailing southeast  wind,  the  breakers  drive  the  sand  into  it,  filling  it  up  and  presenting 
a  flat  in  front  of  the  pass,  barring  entrance  until  a  friendly  storm  opens  another  chan- 
nel directly  to  the  east  or  north  of  east,  only  to  follow  the  same  routine  and  share  the 
fate  of  its  predecessor. 

The  future  of  Aransas  as  an  Atlantic  terminus  of  a  system  of  railroads  to  the  Pacific, 
skirting  the  Rio  Grande  and  giving  to  the  government  the  nearest  and  most  direct 
approach  from  the  Gulf  to  our  Mexican  border,  can  scarcely  be  overestimated.  As  a 
naval  rendezvous  in  case  of  war,  or  a  harbor  of  refuge  in  time  of  peace,  words  need  not 
be  wasted  in  proving  its  great  advantage.  As  an  engineer,  I  have  long  been  impressed 
with  its  superior  availabilities  for  improvement.  The  distance  from  20  feet  inside  to 
20  feet  outside  never  exceeds  three-fourths  of  a  mile,  and  is  offcen  much  less.  During 
last  summer  the  strong  south  current  swept  the  outer  portion  of  the  bar  away,  causing 
18  feet  of  water  within  a  stone's  throw  ot  the  wreck  of  the  steamer  Mary,  and  leaving 
a  mere  ridge  of  sand  that  provokingly  barred  our  commerce  with  the  outside  world. 
That  this  natural  fickleness  of  our  bar  can  be  more  easily  controlled  than  if  it  were  of 
a  more  immovable  nature  is  as  clear  to  my  mind  as  the  fact  that  a  strong  will  can 
easily  govern  a  weak  and  unstable  one,  nor  do  I  believe  that  the  difierence  of  the  cost 
of  20  or  more  feet  of  water  will  greatly  exceed  that  necessary  to  obtain  12  or  15  feet, 
the  difierence  being  more  in  position  than  in  the  magnitude  of  the  jetties  required. 

The  embarrassments  that  now  surround  us  cause  an  anxiety  that,  in  someway, 
quick  relief  may  be  given,  and  if  it  should  be  possible  that  this  work  could  proceed 
in  such  a  manner  as  to  afibrd,  say,  an  8-foot  channel  during  its  progress,  without 
greatlv  increasing  the  ultimate  cost,  the  gratitude  of  a  sufiering  community  would  be 
cheaply  earned. 

Thanking  you  for  the  opportunity  of  thus  presenting  my  views, 
I  remain,  with  great  respect,  yours,  very  truly, 

G.  W.  Fulton. 

Maj.  S.  M.  Mansfield, 

United  Stutea  Engineer  in  Charge^  Texas  Coast  Improvement. 


report  of  board  of  engineers. 

Army  Building, 
New  Yorlc^  August  9, 1879. 

General  :  The  Board  of  Engineers  convened  by  the  following  order, 
viz: 

[Special  Grdcrs  No.  63. J  ' 

Headquaktkks  Corps  of  Enginisbks, 

Washington,  D,  C,  June  3,  1879. 

By  direction  of  tho  Secretary  of  War,  a  board  of  officers  of  the  Corps  of  Enflineers, 
to  consist  of  Col  Z.  B.  Tower,  Lieut.  Col.  John  Newton,  Lieut.  Col.  Q.  A.  Ofllmore, 
Capt.  C.  W.  Howell,  will  assemble  in  New  York  City,  on  the  call  of  the  senior  officer 
and  as  soon  as  other  duties  of  members  will  permit,  to  take  into  consideration  and 
report  upon  the  improvement  of  Pass  Cavallo  lulet  luto  Matagorda  Bay  and  of  Aransas 
Pass  and  Bay  up  to  Rockport  and  Corpus  Christi,  Tex. ;  and  also  the  continuation  of 
the  improvement  of  the  entrance  to  Galveston  Harbor. 

The  Board  is  authorized  to  visit  tho  localities  named  if  considered  imx>ortant  to  do 
so. 

H.  G.  Wright, 
Acting  Chief  of  Engineers. 

having  assembled  on  the  1st  instant,  and  continued  their  sessions  as 
frequently  as  other  necessary  duties  permitted,  have  the  honor  to  Rub- 
mit  the  following  report : 

GENERAL  REMARKS. 

All  of  the  passes  and  entrances  submitted  to  the  consideration  of  the 
Board  agree  in  certain  prominent  features^  which  are  due  to  tihe  action 
of  the  winds  and  tides  upon  the  charactenstic  formation  of  the  coast. 


I 
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At  all  of  these  places  there  are  interior  bays,  separated  Ij-om  the  Gulf 
by  long,  narrow  islands  or  peninsulas,  which  form  the  exterior  coast 
line.  The  water-level  in  these  basins  is  daily  raised  and  lowered  by  the 
Gulf  tides,  aided  by  the  winds,  and  in  the  comparatively  contracted 
inlets  and  outlets  the  tidal  cnrreuts  are  strong.  All  of  the  silt  brought 
down  by  the  inconsiderable  streams  which  empty  into  these  basins  is 
deposited  before  reaching  the  Gulf. 

Besides  ordinary  tides  of  little  elevation,  the  bays  are  subject  to  storm 
tides,  caused  by  violent  in-shoro  winds  driving  in  large  volnmes  of  water 
from  the  Gnlf.  When  these  are  followed  by  gales  from  the  land  the 
heaped-up  waters  are  forced  back  through  the  outlets  with  great  velocity. 
After  such  series  of  operations  the  bars  are  found  to  be  in  their  best 
condition. 

Along  the  exterior  coast  line  the  drift  of  sand,  by  the  action  of  the 
cnrrentB  and  waves,  is  in  the  general  direction  &ou  northeast  to  south- 
west. The  tendencies  are  for  the  east  shores  of  the  inlets  to  gain  to- 
wards the  west,  and  for  the  west  shores  to  recede  correspondingly  in 
the  same  direction. 

The  Board  are  not  in  possession  of  maps  of  ancient  date  with  which 
to  compare  surveys  of  the  present  time ;  but  such  has  probably  been 
"le  action  which  in  the  lapse  of  years  has  placed  the  inlets  in  their 
sent  positions  by  a  nearly  continuous  movement  down  the  coast, 
len  the  inlet,  as  at  Aransas  Bay,  has  reached  the  line  of  the  lower 
or  southwest  side  of  that  bay,  a  further  movement  would  tend  to  draw 
©at  and  narrow  the  pass,  which,  if  not  arrested,  might  cause  the  inlet 
to  be  closed  by  the  occurrence  of  a  heavy  wind  from  seaward  forming 
'nnosoal  deposits  across  the  bar.  The  pass  into  the  Bay  of  Corpus 
Christi  has  virtually  closed  to  navigation,  apparently  from  the  effect  of 
(liie  narrowing  process;  and  it  is  not  inappropriate  here  to  quote  from 
idle  report  of  Capt.  George  B.  McClellau,  formerly  of  the  Corps  of  Eb- 
''gineers,  made  to  the  Chief  of  Engiaeers  January  13,  1853,  in  which, 
Narrating  certain  changes  produced  on  the  bars  at  the  inlets  to  Aransas, 
Matagorda,  and  Corpus  Christi  Bay,  he  states  of  the  last  named,  "  this 
"  'lannel  is  probably  closed  by  this  time,  or  soon  will  be,"  showing  at 

it  early  date  the  opinions  entertained  of  its  want  of  permanence.    It 

highly  probable  that  Aransas  Pass  and  Pass  Cavallo  have  once  been 

the  same  position  relative  to  their  surroundings  that  the  pass  at  Gal- 

iton  now  is. 

The  late  Lieut.  W.  H.  Stevens,  Corps  of  Engineers,  in  his  report  of 

"  ember  26,  1853, 1'ecommending  a  breakwater  at  Fort  Point,  Galves- 
Harbor,  states : 


le  Bund  from 


^7be  object  of  this  Btrnctiiru  is  Wpiiiveut  the  southeast  gales  waabi 
B  point  between  the  i^ast  enii  of  Galvi 

•   "   into  the  channel  between  "East  End  "  and  "Pehcan  Shoal,"  and  also  t* 
■  water  which  now  Aowa  between  the  bno;  and  the  point  into  the  channel. 
KS.  am  informed  that  the  point  once  extended  nearly  to  the  south  bnoy,  nnd  that 
^beie  jou  see  13  feet  of  water  in  the  channel  a  few  years  a^o  there  was  ;<()  feet,  and 
Ut  this  shoaling  has  been  aj^clironons  with  the  washing  til  the  jioint. 

I  It  is  apparent  from  this  quotation  that  the  tendency  has  been  to  wash 
7  the  east  end  of  (iaiveston  Island,  and  for  the  inlet,  as  noticed  at 
bber  points,  to  move  down  the  coast,  which  has  been  prevented  hitherto 
f  artificial  works,  similar  in  position  and  scope  to  the  breakwater  ad- 
ated  by  Lieutenant  Stevens. 
But  for  sucli  works,  which  the  preservation  of  the  site  of  the  city  of 
Galveston  demanded,  it  is  evident  that  the  same  lateral  movement  of 
the  inlet  which  characterizes  the  passes  into  Aransas  and  Matagorda 
bays  would  tc-day  be  chronicled. 
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The  movements  of  the  inlets  and  passes  are  due  not  only  to  wave 
action,  but  also  to  the  direction  of  the  interior  currents  in  the  principal 
channels  of  the  bays,  which  strike  with  force  upon  the  shores  forming 
the  west  side  of  the  passes,  with  eroding  effects  proportioned  to  their 
strength. 

The  width  of  the  inlets  are,  for  Galveston,  9,000  feet,  for  Pass  Cavallo 
about  the  same ;  while  for  Aransas  Pass  the  width  is  only  3,300  feet. 
As  it  is  conceded  that  the  depths  over  the  bars  are  greatly  due  to  the 
piling  up  of  the  waters  within  the  bays  by  heavy  winds  from  the  sea- 
ward, and  their  consequent  discharge,  aided  in  velocity  by  the  action 
of  the  northers,  it  would  seem  that  the  bars  would  be  in  best  condition 
when  the  cross-sections  of  the  inlets  were  so  proportioned  to  the  spaces 
to  be  filled  as  to  allow  a  free  ingress  to  the  Gulf  water,  and  that  conse- 
quently any  proposition  to  narrow  the  inlets  should  be  carefully  scruti- 
nized, and  the  necessity  and  effects  of  such  action  clearly  demonstrated. 

It  is  not  meant  that  every  change  of  position  of  the  inlets  has  been 
due  solely  to  the  causes  enumerated  above ;  obviously  a  change  may 
have  been  effected  at  times  by  the  heaped-up  waters  of  the  interior  basins 
finding  their  way  to  the  Gulf  across  a  low  level  of  the  outer  line  of  coast, 
forming  thus  a  new  outlet,  and  ultimately  causing  the  old  one  to  fill  up. 
Such  an  operation  could  be  prevented  by  planting  the  low  levels  with 
trees  and  bushes  to  accumulate  sand. 

From  this  description  of  influences  at  work,  the  principles  of  improv- 
ing such  bars  would  generally  be  to  protect  the  west  shore  of  the  inlet 
from  erosion  by  waves  and  currents,  and  to  sustain,  by  jetty  or  by  par- 
allel jetties,  the  natural  direction  of  the  ebb  currents  over  the  bar,  which 
is  to  the  east  of  south  or  nearly  southeast. 

The  Board  are  not  committed  to  the  opinion  that  the  west  shores  of 
the  inlets  can  be  protected  or  the  lateral  movements  of  the  channels 
prevented  in  all  cases;  nor  do  the}'  intend  to  say  that  if  such  arrest  of 
movement  be  obtained  it  would  prove  to  be  of  permanent  benefit;  on  the 
contrary,  it  is  not  impossible  that  such  result  might  sometimes  culmi- 
nate in  the  closing  of  the  pass  itself. 

The  Board  feel  that  little  more  can  be  done  in  this  report  than  to 
I)oint  out  the  general  principles  involved  in  the  problems  presented  to 
their  consideration,  for  the  influences  at  work,  though  they  may  be 
known,  cannot  be  estimated  for  a  number  of  years  ahead  as  to  their 
relative  values.  There  have  been  almost  no  opportunities  for  expe- 
riences valuable  as  precedents  along  this  coast,  and  the  conditions  are 
so  variable  with  time  that  a  large  margin  should  be  lefb  to  the  study 
and  intelligence  of  the  constructing  officer  on  the  ground. 

MATAGORDA  INLET. 

The  first  official  report  upon  this  channel  accessible  to  the  Board  is 
that  of  Gen.  George  B.  McClellan  (at  the  time  a  lieutenant  of  engineers) 
to  the  Chief  Engineer,  U.  8.  A.,  dated  January  13, 1853.    Speaking  oi 
tiie  sanguine  opinions  of  those  interested  in  the  improvement  of  the  bar 
as  to  the  feasibility  and  cost,  he  states : 

I  cannot  ascertain  that  any  well-considered  plan  has  been  proposed.  I  can  meet 
with  nothing  but  bap-hazard  opinions  as  to  the  location  of  the  proposed  hrwakwmtitf 
and  still  wilder  guesses  at  the  cost ;  the  fact  is,  I  think  that  all  consider  the  ob|eot  ae 
desirable  and  important,  but  that  no  one  in  any  respect  competent  hae  ■erionaiy  oea- 
sidered  the  proper  location  y  cost,  practicability,  and  effect  of  such  a  conslxactlon.  *  *  * 

He  describes  the  bar  as  comiK)sed  of  loose  shifting  sand,  and  fblly  ez- 
ix>sed  to  the  action  of  great  storms,  the  consequence  being  tiie  flihiftbig 
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of  the  chauuel,  particularly  after  a  Htorm.  While  engaged  in  the  ex- 
amination,  it  moved  laterally  150  yards,  having  0  feet  in  the  new  channel 
and  leaving  but  6  feet  in  the  old.  With  respect  to  the  re/»oinmendation 
of  closing  the  space  from  Pelican  Island  to  Decrowns  Point,  he  con- 
sidered that  the  effect  of  the  southeast  winds  in  filling  the  bay  would 
be  thereby  decreased  about  three-fifths,  and  that  in  thus  seeking  to  deepen 
tihe  bar  the  bay  might  be  rendered  more  shallow. 

The  great  current  passes  elose  to  the  northwest  point  of  the  ]>eninHiiln,  wliich  is 
cutting  away,  and  impinges  on  the  opposite  shore  nearly  opposite  Pelican  Island,  and 
is  continnaUy  cutting  away  that  shore. 

He  finally  recommends,  as  prelim inaiy  to  any  project  and  estimate, 
continued  observations  and  a  careful  survey. 

The  late  Lieut.  E.  A.  Woodruff,  Cori)s  of  Engineers,  made  a  report  to 
Capt.  C.  W.  Howell,  Corj^s  of  Engineers,  April  1, 1871,  of  a  survev  of 
Pass  Cavallo  (lieport  of  Chief  of  Engineers  for  1871,  pp.  531,  532,  533): 

It  prcbents  the  same  general  characteristics  as  Aransas  Pass,  hut  on  a  much  larger 
scale.  Its  history,  like  that  of  Aransas  and  Corjjus  Christi  passes,  shows  a  steady  de- 
terioration as  a  harhor  and  a  constant  shifting  of  the  channel  to  the  south ;  the  his- 
torical fact  of  the  dct-erioration  of  these  harbors  in  the  same  tinio  leads  to  the  inference 
tliat  the  shoaling  is  due  to  the  change  of  position.  Tlio  general  cause  for  the  change 
is  probably  the  prevalent  direct  i(m  of  the  winds,  which  have  the  greatest  eftect  on  the 
aonthem  shores  of  the  passes.  The  most  rapid  erosion  ban  taken  ]ilace  during  high 
tides  accompanied  by  easterly  winds. 

Fort  Esperanza,  an  earthwork  on  Matagoixla  Island  built  during  the 
war,  100  feet  from  the  shore,  had  its  eastern  parapet  carried  away  by 
the  sea  in  1868. 

In  1854  a  remarkable  stonn  occuiTed,  which  reduced  Pelican  Island  to  a  mere  sand 
flat,  hardly  above  ordinary  high-water.  Before  this  storm  it  had  grass-covered  sand 
mounds  about  20  feet  high,  and  fresh  water  could  be  obtained  by  digging  in  the  hol- 
lows. The  storm  began  by  a  southeaster,  which  filled  Matagorda  and  Kspiritu 
Bancto  Bays  unusually  full  of  water;  then  changing  to  the  northwest,  the  wind  drove 
the  water  of  the  bays  through  the  channel  and  over  the  cud  of  Matagortla  Island  and 
Peninsula.  The  direction  ot  the  channel  was  changed  considerably  to  the  south,  and 
Its  depth  increased  to  13  feet ;  but  it  shoaled  to  8  feet  in  1856,  and  at  present  7  feet  is 
all  that  can  be  depended  u])on.  *  *  *  Every  storm,  however,  changes  the  position 
of  the  system  of  shoals  running  south  from  Dccrow's  Point.     ♦*     •     * 

Pelican  Island  itself  has  shifted  its  position  to  the  north  aijout  three-ciuailers  of  a 
mile  since  the  surv«'y  of  IHGO. 

I  found  an  idea  generally  ]»r(?vailiug  among  Ihe  citizens  interested  in  the  iniju-ove- 
ment  of  the  pass  that  it  wouhl  bo  easy  to  stop  up  the  channel  between  Decrow'a  Point 
and  Pelican  Island,  thus  causing  a  greater  cuiTent  at  ebb-tide  to  act  on  the  bar. 

Decrowns  Point,  and  a  portion  of  Matagorda  Island  opposite,  arc  low  and  sulnectto 
overflow  iu  extreme  high-water.  This  is  especially  the  case  with  Matagorda  Island, 
where  the  salt  water  has  killed  the  grass  on  about  half  the  surface.  In  planting  a 
signal-pole  on  this  island  I  found  that  after  getting  through  a  crust  of  a  few  inches  on 
the  suxiace  I  could  easily  thrust  the  whole  pole,  8  feet  in  length,  into  tin?  eiu*th. 

The  effect  of  any  work  closing  Peli(;an  Island  Channel  would  be  much  nun-e  ])er- 
ceptible  on  Matagorda  Island  than  on  the  bar,  which  at  present  is  alwut  three-quar- 
ters of  a  mile  from  the  shore-line  of  the  Gulf,  and  any  att<'mpt  to  narrow  the  inlet  of 
Matafforda  Bay  without  first  protecting  Matagorda  Island  by  an  efhcient  revetment 
would  be  a  waste  of  the  money  t^xpeuded. 

Lieutenant  Woodruff',  specifying  the  work  necessary  for  improvement, 
says: 

This  would  require  a  jetty  from  Decrowns  Point  to  the  bar,  a  distance  of  4  miles,  and 
a  teyetment  of  Matagoisda  teland  from  Uayou  McHcnry  to  the  point  Itelow  the  light- 
boase,  also  a  distance  of  4  miles.  Both  of  these  works  would  be  piincipally  on  quick- 
sand foundations,  and  both,  especially  the  jetties,  would  be  ex])osed  to  seas  which 
only  a  massive  sea-wall  could  ]H*nnanently  resist.  Small  works,  such  as  pile- groins 
or  piers.  wiU  succeed  in  causing  an  accretion  of  sand  during  the  continuance  ol  ordi- 
nary tides  and  weather ;  but  a  high  tide  with  strong  winds  will  in  a  f<^w  hours  sweep 
anray  the  accretion  of  months  and  the  work  which  caused  it.  8uch  has  actually 
been  the  history  of  some  small  pile  works  attempted  on  the  Mat-agorda  Island  shore. 
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Lieutenant  Woodruff  recommended-  no  plan  of  improvement  for  this 
channel,  and  Captain  Howell  indorsed  his  course. 

Capt.  G-eorge  B.  McOlellan,  reporting  to  Bvt.  Brig.  Gen.  Joseph  G. 
Totten,  Chief  Engineer,  U.  8.  A.  (Ex.  Doc,  vol.  2, 1853-'64,  p.  661),  says: 

With  regard  to  the  project  of  improving  Pass  Cavallo  by  closing  the  Pelican  Island 
Channel,  to  which  my  attention  has  been  called  by  the  department,  I  have,  since  my 
letter  of  January  13,  1853,  given  it  an  attentive  consideration.  »  *  *  Were  the 
strength  of  the  current  increased,  it  would  exert  itself  in  cutting  away  more  rapidly 
the  points  of  Matagorda  Island  where  the  light-house  now  stands  and  thus  enable 
itseli  to  spread  out  still  more  than  it  now  does  before  reacliing  the  bar.  So  far  as  it  is 
possible  to  foresee  the  effect  of  so  uncertain  an  operation,  and  judging  principally 
from  what  I  have  observed  at  the  passes  in  general,  I  think  that,  were  any  appreciable 
effect  produced  by  closing  the  opening  in  question,  it  would  be  lateral  ratner  than 
vertical. 

Captain  Howell  reports  to  tfie  Chief  of  Engineers,  under  date  of  Feb- 
ruary 4,  1874,  the  results  of  the  survey  in  1873,  by  Mr.  H.  C.  Eipley* 
assistant  engineer,  of  the  entrance  into  Matagorda  Bay  and  Channd 
to  Indianola  (Report  of  Chief  of  Engineers,  1874,  Part  I,  pp.  760-765) : 

Pelican  Island  has  moved  north  and  approaches  Decrowns  Point  nearly  its  entiio 
width,  thus  making  the  Elizabeth  Channel  more  defined  and  deeper,  and  diminishiiig 
the  distance  from  the  island  to  Decrowns  Point  from  7,440  feet  to  4,180  feet. 

The  main  channel  south  of  Pelican  Island  was  divided  into  the  '^  Old 
Channel "  and  "  Veto  Channel,''  the  latter  and  the  more  recent  having 
become  the  principal  entrance.    The  depth  over  the  bar  was  7  feet. 

The  bar,  ^^  like  the  one  at  Galveston,  is  composed  of  pure  quicksand 
to  a  depth  of  from  40  to  60  feet." 

Captain  Howell,  submitting  a  project  with  estimates,  writes : 

For  works  of  this  kind  it  is  only  deemed  possible^to  submit  a  general  plan,  with  sug- 
gestions as  to  i1^  probable  effects. 

The  first  work  recommended  was  the  closure  of  Decrowns  and  Elizabeth 
channels  by  inducing  the  formation  of  shoals  and  thereby  the  extension 
of  Matagorda  Peninsula  to  include  Pelican  Island ;  among  other  efiEects, 
it  was  supposed  this  work  would  obliterate  the  ^^  Old  Channel,"  and  that 
the  "Veto  Channel"  would  be  driven  southward.  The  depth  over  the 
bar  it  was  thought  would  bo  12  feet. 

The  next  step  would  be  two  parallel  dikes  or  structures  to  induce  the 
formation  of  dikes,  the  lines  being,  respectively,  from  Matagorda  Inland 
aloDg  the  southwest  boundary  of  the  channel  and  from  Pelican  Island 
along  its  northeast  boundary.    The  estimate  was  as  follows : 

Gabionnade  closing  space  between  Pelican  Island  and  Decrowns  Point $291, 187 

Gabionnade  on  parallel  pins  to  bar 424, 188 

The  closure  of  the  space  between  Pelican  Island  and  Decrowns  Point 
it  was  supposed  would  give  a  depth  over  the  bar  sufficient  for  the  wharves 
at  Indianola,  and  the  parallel  jetties  were  considered  advisable  only  to 
afford  a  depth  over  the  bar  sufficient  to  enter  the  harbor  near  the  point 
marked  on  the  chart  *'  Saleeria." 

The  amount  of  $20,000  appropriated  by  act  approved  August  14, 1876^ 
being  considered  by  Captain  Howell  as  insufficient  to  commence  work 
with,  he  was  authorized  to  await  further  appropriations.  Estimate  of 
sum  needed  for  a  commencement,  $160,000.  (Report  of  Chief  of  Engi- 
neers for  1877,  Part  I,  pp.  469-471.)  Amount  appropriated  by  act  ap- 
proved June  18, 1878,  $25,000.  Authority  was  asked  to  make  a  new 
survey.    (Report  of  Chief  of  Engineers  for  1878,  Part  I,  p.  613.) 

Captain  Howell  reports  to  the  Chief  of  Engineers,  December  17, 1878, 
upon  survey  of  that  year  made  to  determine  the  aavisability  of  apply- 
ing the  funds  available  to  the  protection  of  the  head  of  Matagorda 
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Islaud.  Althongh  the  head  of  the  island  was  washed  away  for  a  con- 
siderable length  of  beach,  and  to  a  width  varying  from  200  to  1,300  feet, 
yet  the  indications,  as  reported  by  Captain  Howell,  were  not  for  imme- 
diate protection.  Mr.  Abraham  Cross,  the  surveyor,  reports  as  his  opin- 
ion that  the  whole  damage  was  done  by  the  storms  of  1875,  since  which 
time  he  considered  the  beach  to  have  been  reforming. 

Other  changes  very  remarkable  were  reported.  Pelican  Island  having 
moved  southward  about  4/JOO  feet  and  the  "  Veto^  and  "  Old^  channels 
having  merged  into  one  in  the  prolongation  of  the  channel  above,  but 
curving  slightly  to  the  eastward.  The  depth  over  the  bar,  with  a  long 
increase  of  width  of  Decrow's  and  Elizabeth  channels,  nevertheless  had 
changed,  since  1873,  from  7  to  over  10  feet.  Captain  Howell  in  his  re- 
port states  that  ''an  appropriation  of  $100,000  in  addition  to  that  now 
a\'Bilable  would  justify  commencement  of  the  work." 

APPROPRIATIONS. 

August  14,  167G ^20,000 

June  1^,1878 25,000 

March  3,  1879 25,000 

Total 70,000 

PROJECT  FOR  3IATAGORDA  INLET. 

Eecommendatious  have  been  made  to  close  Decrow's  and  Elizabeth 
channels,  thus  bringing  the  south  end  of  Matagorda  Peninsula  to  the 
position  of  Pelican  Island,  with  the  intention  of  increasing  the  depth 
over  the  bar.  The  Board  are  not  prepared  to  say  that  some  such  effect 
would  not  be  produced,  but  the  necessity  for  such  an  extreme  step  does 
not  seem  to  have  arisen,  and  the  result  would  be,  by  shutting  up  one 
inlet,  to  diminish  the  quantity  of  flood  going  up  the  bay. 

Pelican  Island  between  1871  and  1873  moved  northward  its  width, 
and  from  1873  to  1875  receded  southward  4,700  feet.  This  island  may, 
in  the  future,  be  the  nucleus  of  shoals  which  will  close  Decrow's  Channel, 
and  thereby  take  the  first  step  towards  elongating  and  narrowing  the 
pass,  as  at  Corpus  Christi  and  Aransas  bays.  As  the  Board  do  not  per- 
ceive the  benefits  to  be  derived  from  such  result,  but  rather  the  reverse, 
they  cannot  recommend  constructions  to  close  this  passage. 

It  is  true  that  if  Pelican  Island  should  continue  its  southerly  move- 
ment, it  might  become  necessary  to  line  the  bed  of  the  channel  between 
the  island  and  Decrow's  l^oint  with  a  row  of  mattresses  to  prevent  an 
increase  of  water-way. 

The  necessity  of  a  shore  protection  for  the  head  of  Matagorda  Island 
seems,  from  all  the  papers  submitted  to  the  Board,  to  be  in  doubt,  and 
they  prefer  to  leave  the  decision  of  this  point  to  the  future. 

A  project  is  submitted  for  one  jetty,  starting  from  the  head  of  Mata- 
gorda Island  and  running  in  a  southeasterly  direction,  as  represented 
on  the  sketch  sent  herewith ;  and  also  for  groins  to  protect  the  shores, 
when  this  becomes  necessary. 

The  object  of  the  jetty  is  to  obtain  a  depth  of  12  feet  over  the  bar. 

ESTIMATE  FOR  JETTY. 

1,000  feet,  6  feet  high,  7i  feet  wide  at  top,  at  $36 $36,000 

6,550  feet,  10  feet  high,  20  foot  wide  at  top,  at  $100 655,000 

691,000 
10  per  cent,  for  contiugencies 69, 100 

760,100 
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GROINS  FOR  SHORE  PROTECTION. 

5,400  feet  on  shore,  at  J>3 #16,600 

6,600  feet  on  shore,  at  ^ j». 237,600 

253,800 
10  per  cent,  for  contiugeucics 25, 380 

279, 180 

The  groin  next  to  the  jetty  should  be  begun  at  the  same  time  as  the 
jetty. 

The  project  submitted  by  the  Board  should  not  be  considered  as  neces- 
sarily complete,  or  that  it  may  not  admit  of  revision  from  the  light  fur- 
nished by  experience  »nd  continued  observations. 

The  opinions  of  the  various  engineers  who  have  reported  upon  the 
improvement  of  the  pass  offer  occasion  for  wide  differences  as  to  the 
amount  and  description  of  the  works  required  for  the  place. 

The  Board  have  attentively  considered  the  information  furnished  by 
surveys  and  reports  thereon,  and  recommend  for  present  constmctioii 
only  what,  by  a  careful  comparison  of  data,  appears  to  be  strictly  neces- 
sary for  the  improvement  of  the  bar.  The  jetty  should  be  high,  probably 
throughout  its  entire  length,  as  it  is  designed  to  sustain  the  current  of  the 
bar  channel,  which  will,  it  is  thought,  be  pressed  against  it  by  the  north 
shoal,  formed  of  the  usual  drift-sand  do^vll  the  coast.  Should  such  as- 
sumption not  prove  to  be  correct,  a  parallel  jetty  on  the  north  shoal,  in 
co-operation  with  the  other,  would  become  a  necessary  part  of  the  project. 

The  general  laws  of  formation  along  this  coast  are  perhaps  well  euongh 
known,  and  the  industry  of  observers  have  collected  valuable  facts, 
which  can  now  be  utilized,  but  something  additional  is  required — the  de- 
termination, by  actual  experience  from  constructed  works,  joined  with 
further  accurate  observations,  how  far  influences  peculiar  to  this  pass 
may  modify  general  conclusions. 

For  these  reasons  the  Board  have  confined  their  recommendaticm 
only  to  what,  in  their  judgment,  could  not  be  dispensed  with. 

The  Board  do  not  consider  that  positions  of  the  jetties  and  groins,  or 
the  number  of  the  latter,  should  now  be  rigidly  fixed ;  modifications  in 
these  respects  would  probably  arise  from  the  experience  gained  at  the 
locality  from  a  partial  applic.itioii  of  the  project  itself,  as  well  as  from 
other  considerations. 

It  is  understood  that  the  amount  available  is  something  over  $70,000, 
the  expenditure  of  which  sum,  in  the  opinion  of  the  Board,  would  be 
inadequate  to  produce  a  useful  effect  upon  the  bar. 

INLETS  INTO  ABANSAS  AND  CORPUS  CHBISTI  BAYS. 

Capt.  Geo.  B.  McOlellan's  report  to  the  Chief  Engineer,  U.  S.  A.,  Jan- 
uary 13, 1863,  states,  with  respect  to  this  bar,  that  it  is  composed  of  a 
loose  shifting  sand,  and  exposed  to  change  of  jwsition  after  heavy 
storms.  Withui  a  week  while  he  was  on  the  coast,  the  bar  channd 
shifted  all  the  way  over  from  the  north  to  the  south  breakers,  having  9 
feet  in  the  new  and  leaving  4  feet  in  the  old  channel,  three  vessels  being 
wrecked  in  as  many  days  before  the  change  was  discovered;  and  the 
"Corpus  Christi  Bar  opened  at  the  same  time  to  9  feet,  having  but  5 
feet  in  it  before ;  this  channel  is  probably  closed  by  this  time,  or  soon 
wiUbe.^ 

The  sudden  changes  of  the  channel  of  Aransas  Inlet  appear  to  leave 
temporarily  a  swash  channel  near  Saint  Joseph's  Island,  the  deeper 
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cIiaiiDcl  being  ucarer  to  Mustang  Island,  to  wliicli  i)osition  it  constantly 
tends  to  shift. 

In  the  Iteport  of  the  Chief  of  Engineers  for  1871,  i)p.  52(>-531,  is  found 
the  report  of  Capt.  C.  W.  Howell,  Corps  of  Engineers,  transmitting  the 
letter  of  the  late  Lieut.  E.  A.  Woodruff,  Corps  of  Engineers,  giving  the 
results  of  his  survey  of  the  bars  and  passes  of  Cori)U8  Christi  and  Aran- 
sas bays. 

Corpus  Christi  Pass  or  lulot  is  nu  entrance  from  the  Gulf  of  Alexieo  to  Corpus 
Cliristi  Bay,  between  Mustang  Island  on  the  north  and  Padre  Island  on  tlie  south. 
*  *  *  The  channel  from  th«'  pass  to  Corpus  Christi  Bay  is  narrow,  and  bears  in 
general  direction  nearly  due  north  about  6  nnles  before  reaching  the  deep  water  of  tlie 
hay,  Ent'ering  the  pass  from  the  gulfs  we  Hud  the  water  on  the  bar  from  5  to  7  feet, 
varying  with  the  wind  and  tide. 

He  describes  the  pass  as  interrupted  by  shoals  and  bulkheads  before 
entering  into  the  deep  water  of  the  bay.  He  considers  the  length  and 
tortuous  course  of  the  channel  of  the  pass  as  unfavorable  to  the  free 
flow  of  the  waters  of  the  bay  over  the  bar  and  to  the  improvement  of 
the  latter.  He  calls  attention  to  the  better  chances  of  improving  the 
bar  at  Aransas  Pass,  and  of  accommodating  the  commerce  of  Corpus 
Christi  Bay,  by  enlarging  the  communication  between  these  bays,  and 
diverting  the  course  of  navigation  to  Aransas  Jiar. 

In  regard  to  Aransas  Pass,  he  states  its  continuous  encroachment  on 
Mustang  Island  (on  the  south)  and  the  con»espoiiding  gain  of  Saint 
Joseph's  Island: 

In  1869  work  was  begun  by  privati*  entei'])nst'  1o  improve  the  ehanuel  tlirough  the 
bar  by  iiiuning  out  lines  of  jetties  from  the  Saint  Joseph's  Island  shore  to  cut  otf  a  sec- 
ondary channel  near  this  shore.  *  *  *  They  were  expected  to  act  as  a  nucleus, 
about  which  sand  would  accumulate  and  close  up  the  secondary  channel,  thus  divert- 
ing the  flow  of  the  water  directly  through  the  cliannel  on  the  bar.  Fr<mi  the  fact  tliat 
the  secondarj'  chaniK'l  lias  shoaled  alxmt  2  feet  and  the  niaiu  eliannel  <leopened  about 
2  feet  since  i)Iacing  the  crates,  it  may  be  supftosed  that  they  have  contributed  to  pro- 
duce tills  result,  but  <me  of  the  oldest,  pilot-s  hohls  that  the  change  is  due  to  storms, 
and  would  have  taken  place  without  any  works. 

He  states  that  the  head  of  Mustang  Islfind  nuist  lii'st  be  protected 
against  erosion  by  a  riprap  or  groins,  and  further  makes  a  project  for 
exca rating  and  revetting  a  canal  or  channel  from  Tuitle  Cove  into  Cor- 
pus Christi  Bay,  which  would  serve  not  only  as  a  passage  for  vessels, 
but  would,  by  its  discharge  into  Aransas  Bay,  serve  to  arrest  the  ero- 
sion above  Turtle  Cove,  due  to  the  ebb  waters  of  Aransas  Bay,  by  de- 
flecting these  cuiTents.    He  thinks — 

The  cost  of  building  a  Jetty  from  Mustang  or  Saint  Jtiseph's  Island  tx>ward  the  bar. 
which  would  be  able  to  resist  the  acticm  of  the  storms  ui>on  the  quicksand  foundation, 
iniist  be  an  insurmountabh*  objection  to  any  such  exi)eriment.  The  stone  to  be  ob- 
tained at  Kockport  is  too  poor  in  <iuality  for  use  in  so  exposed  a  work. 

Captain  Howell,  in  forwarding  this  report  of  Lieutenant' Woodruff, 
says: 

I  coincide  with  Lieutenant  Woodrnifin  the  ojunion  tinitallthei)lanssu^<;ested  iind 
diHCUBscd  by  him  oiler  no  certainty  of  ]»roducin^  good  results,  and  that  the  exjiense 
mrhich  wouiil  be  incuiTCil  by  testing;  them  will  be  out  of  all  i»roi)orfcion  to  the  benefits 
deriTable  from  succe^.^. 

Capt.  George  B.  McClellan,  reporting  to  Bvt.  Brig.  Gen.  Joseph  G. 
Totten,  Chief  Engineer,  17.  S.  A.  (Ex.  Doc,  vol.  2,  1853-'54,  p.  561), 
writes: 

The  passes  at  **  ^  -^  rorpns  Christi  and  Aransas  have  each  but  a  single  outlet, 
all  exceedingly  narrow,  aiKl  none  admitting  any  further  decrease  in  width.     The  only 

{HMsible  application  of  dikes  in  these  cases  would  be  to  pndong  the  walls  of  the  out- 
et  nntil  tliey  reached  a  point  very  near  the  present  position  of  the  bar,  in  order  t^ 
Gonccutrate  upon  one  spot  the  whole  action  of  whatever  outward  current  there  might  be. 
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The  ultimate  effect  of  this  would  undoubtedly  be  the  formation  of  a  new  bar  outside ; 
that,  too,  at  no  distant  period.  The  immediate  effect  would  by  no  means  be  certainly 
favorable,  and  the  new  outlet  would  be  liable  to  be  closed  up  by  heavy  storms  (snl>- 
ject  to  breaking  out  again),  as  is.  now  frequently  the  case  with  small  inlets  on  the 
coast  of  Florida. 

Capt.  C.  W.  Howell,  February  1, 1879,  reports  upon  a  survey  in  187S 
of  Aransas  Pass,  Corpus  Cliristi  Pass,  &c.,  and  recommends  the  closure^ 
to  height  of  mean  low- water,  of  Corpus  Christi  Pass,  with  the  object, 
among  others,  of  improving  the  channel  between  Corpus  Christi  and 
Aransas  bays;  dredging  and  deepening  this  channel;  the  construction 
of  a  jetty  from  the  end  of  Saint  Joseph's  Island  toward  the  bar;  protec- 
tion of  the  end  of  Mustang  Island;  preventing,  by  planting  trees,  the 
lower  end  of  Saint  Joseph's  Island  from  losing  sand  by  wind-drifts,  and 
dredging  channel  to  Rockport. 

ESTIMATE. 

Deepening  channel  over  bar  by  jetty ^1*60,405  00 

Protection  of  head  of  Mustang  Island 1^6,440  00 

Dam  across  Corpus  Christi  Pass 11,748  00 

Planting  south  end  of  Saint  Joseph's  Island 2,000  00 

Dredging  channel  between   Aransas  and  Corpus  Christi   bays,  three)    1(57' 022  00 
estimates -^    198|888  75 

Dredging  channel  to  Rockport  in  Aransas  Pass 30, 555  60 

Total 628.382  65 

The  passes  Oavallo,  Amasas,  and  Corpus  Christi,  while  keeping  a 
nearly  north  and  south  direction  as  long  as  sheltered  by  the  sand  islands 
and  peninsula  between  thepi  and  the  Gulf,  on  making  connection  with  the 
Gulf  tum.shaq)ly  to  the  southeastward,  so  that  the  channels  across 
their  Gulf  bars  are  nearly  in  the  general  or  prevailing  direction  of  the  on- 
shore winds  and  storms.  At  Aransas  Pass  the  chart  also  shows  that 
the  channel  of  the  bar,  as  soon  as  it  comes  under  the  influence  of  the 
drift  along  the  coast,  turns  again  from  a  southeasterly  direction  to  one 
more  southerly. 

In  the  communication,  dated  December  30, 1878,  by  Mr.  H.  C.  Col- 
lins, assistant  engineer,  and  filed  with  Captain  Howell's  report,  many 
notes  occur  connected  with  the  physical  features  of  Corpus  Christi  and 
Aransas  bays,  which  are  herewith  transmitted  in  substance. 

The  channel  connecting  these  bays  is  partly  an  old  bayou  and  partly 
dredged,  under  the  control  of  a  stock  company,  who  charge  tolls  upon 
articles  of  freight  carried  through  it.  Its  deptli  at  summer  low-tides  is 
8  feet,  which  has  not  decreased  more  than  half  a  foot  since  it  was  cut 
through  j  it  is  very  narrow  at  some  points,  though  for  most  of  the  dis- 
tance it  IS  from  80  to  100  feet  wide.  The  banks  of  the  dredged  portion, 
where  thrown  up  above  water  in  Corpus  Cliristi  Bay,  are  of  blue  clay, 
quite  hard,  and  do  not  wash.  No  sand  bottom  was  found  in  this  por- 
tion of  Corpus  Christi  Bay,  but  the  bottom  in  Aransas  Bay,  from  the 
head  of  the  bay  down  to  Lydia  Ann  and  Ship  channels,  is  sand.  The 
whole  shoal  at  the  lower  end  of  Aransas  Bay  is  sandy  in  places,  but  the 
deep  portions  of  this  and  Corpus  Christi  bays  has  a  blue-clay  bottom, 
except  the  shell  reefs  which  run  out  from  the  shore  in  many  places. 

In  Aransas  Harbor  the  bottom  blue  clay  is  found  at  a  depth  of  27J 
feet,  and  outside  of  the  bar  at  30  feet. 

Of  the  two  channels  connecting  Aransas  Bay  with  lower  harbor,  that  of 
Lydia  Ann  follows  Harbor  Island,  and  is  over  10  feet  for  nearly  it«  entire 
length,  but  has  a  bar  at  its  upper  end  of  7^  feet,  while  tiie  Ship  Chan- 
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nel  has  8  feet  for  more  than  half  its  length.    The  Lydia  Ann  Channel 
is  increasing  in  width  and  depth. 

The  bad  practice  of  cattle-grazing  ux)on  the  coast  islands  and  penin- 
snlas  has  the  effect  of  depriving  the  sand  hills  of  their  protective  cover- 
ing of  grass,  and  these  are  being  fast  carried  inland  under  the  action  of 
winds.  This  drift  sand  has  an  important  bearing,  not  only  upon  the 
depth  of  some  of  the  interior  channels,  but  also  of  the  i)as8,  including 
the  bar  channels. 

A  great  similiarity  exists  between  Aransas  and  Corpus  Christi  passes, 
but  tiie  latter  has  cut  its  way  for  a  distance  of  8  miles  from  its  head, 
while  the  former  has  only  advanced  3  or  4  miles  from  a  similar  connec- 
tion with  its  bay.  Corpus  Christi  Pass  is  very  shoal  and  narrow,  and 
it  has  at  its  head  less  than  3  feet  of  water  over  a  wide  quicksand  bar. 
The  sand  blown  from  the  south  end  of  Mustang  Island  was,  at  the  time 
of  the  survey,  much  greater  in  quantity  than  that  from  Saint  Joseph's 
Island.  Corpus  Christi  Pass  is  said  to  have  decreased  to  about  half  the 
size  it  had  in  1846.  It  is  now  much  shoaler  and  more  narrow  than  it 
•was  at  the  time  of  Lieutenant  Woodruff's  survey  in  1871. 

The  head  of  Mustang  Island  is  continually  receding  towards  the 
southwest,  and  Aransas  Pass  follows  with  it.  A  comi)arison  of  the 
Coast  Survey  charts  of  1858  and  1868  with  each  other,  and  with  Lieu- 
tenant Woodruft's  of  1871,  and  the  last  survey  of  1878,  shows  an  annual 
rate  of  wear  from  210  to  260  feet. 

The  area  of  these  back  bays  is  very  great,  and  for  nine  or  ten  months 
in  the  year  no  fresh  water  runs  into  them.  The  evaporation  is  so  great 
that  salt  is  found  in  the  shoal  water  far  back  from  the  gulf.  From 
La^na  Madre,  which  is  a  part  of  Corpus  Christi  Bay,  the  beet-packers 
obtain  their  salt.  In  consequence  of  the  evaporation,  the  bay  waters 
are  more  dense  than  those  of  the  Gulf. 

From  observations  of  the  tides  at  Aransas  Pass,  the  Gulf  waters 
breaking,  even  on  quiet  days,  upon  the  flat  between  Saint  Joseph's 
Island  and  the  wreck  of  the  St.  Mary,  were  carried  in,  during  the  flood, 
gray  with  sand,  which  was  deposited  by  the  time  the  current  reached 
the  light-house.  The  flood-tide  currents  were  found  only  from  the  sur- 
&ce  to  about  mid- depth  of  the  passes  for  the  rest  of  the  depth,  there 
being  no  current.  The  Gulf  water  remained  entirely  distinct  from  the 
bay  water  up  through  Lydia  Ann  and  Ship  channels,  slowly  mixing 
with  the  heavier  bay  water. 

On  the  ebb,  the  current  in  the  channel  abreast  the  head  of  Mustang 
Island  was  about  as  strong  near  the  bottom  as  at  the  top ;  and  the  notes 
of  the  survey  also  state  that  none  of  the  water  ran  out  over  the  flat 
where  it  came  in. 

It  is  also  stated  that  in  1809  a  short  pier,  600  feet  long,  was  inin  out 
from  the  south  end  of  Saint  Joseph's  Island,  vdih  the  aid  of  funds  de- 
rived from  private  subscription. 

The  consequence  was  that  for  several  months  an  increased  depth  over 
tbe  bar  of  2  feet  was  obtained. 

Thus  far,  from  the  notes  of  the  survey,  which  in  some  places  have 
been  literally  transcribed. 

PROJECT  FOR  ARANSAS  AND  CORPUS  CHRISTI  BAYS. 

The  problems  then  presented  to  the  Board  are : 
First.  The  improvement  of  the  depth  of  Aransas  Bar. 
Second.  To  improve  the  interior  navigation  from  Aransas  Pass  up  to 
Bockport 
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Third.  To  improve  the  present  channel  connecting  Corpns  Ohristi 
and  Aransas  bays. 

Fourth.  As  connected  with  the  preceding,  and  to  improve  the  chsoinel 
into  Lagana  Madre,  to  close  the  inlet  of  Corpus  Christi  Bay. 

Taking  up  these  in  the  order  named,  the  Board  presents  a  project  (see 
sketch  below)  of  parallel  jetties  from  the  south  end  of  Saint  Joseph's 
Island  and  the  north  end  of  Mustang  Island,  contracting  the  width  of 
water-way,  and  carried  out  to  a  sufficient  distance  to  afford  a  draught 
of  12  feet  at  mean  low- water  over  the  bar,  and  of  groins  for  the  pro- 
tection of  the  head  of  Mustang  Island  up  to  and  beyond  Turtle  Cove, 
in  conjunction  with  a  beach  flooring  of  mattresses,  which  may  at  certain 
points  be  necessary  until  the  shore-line  shall  have  been  fixed  and  con- 
solidated by  the  groins. 

ESTIMATE. 

North  jetty : 

4,000  feet,  6  feet  high,  7i  feet  wide  on  top,  at  $36 $il44,000 

1,000  feet,  SfeethUh,  10  feet  wide  on  top,  at  $58 58,000 

*2, 000  feet,  8  feet  high,  20  feet  wide  on  top,  at  J71 142,000 

$344,000 

Soutli  jetty : 

1, 100  feet  on  shore,  at  $3 3,300 

900  feet,  6  feet  high,7i  feet  wide  on  top,  at  $36 32,400 

2, 800  feet,  8  feet  high,  10  feet  wide  on  tap,  at  $58 162,000 

l,:i50  feet,  8  feet  high,  20  feet  wide  on  top,  at  $71 , 95,850 

293,950 

Groinu : 

2, 600  feet,  at  $4 10,400 

2, 000  feet,  at  $8 16,000 

26,400 

Shore  protection  with  mattresses : 
2, 000  feet,  150  feet  wide,  at  $12 24,000 

688,350 
Contiugencics,  &c.,  10  per  cent 68,835 

Total  for  jetties,  groins,  and  shore  protection 757,185 

Planting  trees  on  Saint  Joseph's  Island 2,000 

Total 759,185 

The  portions  of  the  project  in  full  lines  are  recommended  to  be  first 
constructed ;  and  these,  as  well  as  the  other  portions  designed  for  a 
later  constructiou,  should  be  undertaken  in  such  combinations  as  to 
meet  the  necessities  of  the  case. 

One  important  consideration  also  ought  to  be  to  take  the  works  in 
that  order  which  would  involve  the  least  loss  in'  the  event  of  a  long 
omission  by  Congress  to  appropriate  further  amounts. 

One  of  the  members,  General  Kewton,  considers  it  preferable  to  dis- 
pense witli  the  jetty  from  Saint  Joseph's  Island,  retaining  that  from 
Mustang  Island,  for  several  reasons.  As  none  of  the  members  consider 
that  improvement  of  the  bar  would  wece««ar%  be  permanent,  because  a 
mere  extension  of  the  pass  by  jetties  may  induce  the  closing  of  the 
channel  as  at  Corpus  Christi  Bay,  so  by  the  consolidation  of  the  drift 
sand  about  the  jetties  on  both  sides  of  the  channel  the  impediments  to 
the  water  flowing  in  and  out  may  bo  further  increased,  and  the  closing 
of  the  pass,  if  such  tendency  now  exists,  accelerated.  Second.  Becanse 
one  jetty  on  the  south  side  of  the  pass  may  suffice,  in  conjunction  with 
the  north  shoal,  to  sustain  the  ebb  currents.  Third.  A  wider  opening 
will  be  left  for  the  flood-tide.  Fourth.  One  jetty  would  be  less  costly 
than  two ;  and,  Fifth.  The  other  jetty,  if  further  experience  should  in- 
dicate any  beneficial  effects  to  be  derived  from  it,  could  be  afterwards 
constructed. 
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Stmdi  jetty ! 

1, 100  feet  on  shore,  at  ^3 133,000 

900  feet,  6  feet  high,  7^  feet  wide  on  top,  at|36 32,400 

]I,eDOfeot,  Sfeethi^h,  20  ftM>t  wMe  on  tflp,  at  (58 1(12,400 

I  1,350  feet,  lOfeett'gh,  30  feet  wide  on  top,  at  #94 186,000 
ShiG,  ouo 
Orolns: 
AIM  feet,  at  !4 12,400 
5,000  fael.nt  8a 16,000 
I  900  feet,  at  jlG H,40l» 
f          Shore  proleotion  with  mattresaea : 
fc  000  feet,  150  feet  wide,  at»ia 34,000 
[  391.800 
fJO  [lev  oent.  for  Kontingeiitiys , 39, 180 
L  4^10,980 
■nautJiig  tnieaiiuSuiut  Joseph's  lalftnd 8,000 
[          Total - 432,960 
L    Tlie  portious  of  tlits  project  in  full  lines  are  recommended  to  be  first 
coii8tni<it«(l,  the  probable  effect  being  t«  stop  tUe  abrasion  of  the  ontei" 
point  of  the  island  head  as  well  as  to  produce  an  immediate  effect  upon 
tJie  bar.    The  amonntof  funds  available  will  not  suffice  for  the  sectiou 
of  jetty  under  consideration  as  well  as  for  the  lirat  given,  the  couatmc- 
tion  of  which  should  proceed  together  in  order  to  protect  the  outer 
point  of  the  island,  but  the  construction  of  sufficient  length  of  the  jetty 
to  produce  an  immediate  effect  upon  the  bar  is  possible  with  th(»  funds 
on  hand. 

Por  future  oiwnitions  the  protection  of  the  hea<l  of  Mustang  Island 
and  the  prolongation  of  the  jetty  should  go  together,  depending  upon 
the  uect!saities  of  the  case,  and  adhering  to  the  principles  laid  down. 

The  Board  finds  that  no  precedents  have  been  established  npon  this 
coast  competent  to  indicate  the  best  mode  of  constructing  the  jetties 
and  groins  in  those  positions  exposed  to  heavy  sea^.  As  the  most  suit- 
able in  respect  to  economy  and  convenience,  they  suggest  a  structure 
of  reed  mattresses,  supposed  to  be  proof  against  the  teredo,  weighted 
with  small  st^ne,  the  upper  and  exposed  surfaces  to  be  paved  with  large 
stone  or  concrete  blocks.  Brush  might  a^lvantageously  be  placed  bo- 
tvreen  the  mattresses,  in  the  intetior  of  the  mass,  where  it  would  be 
protected  from  the  worm.  The  Board  also  recommends  that  the  works 
in  places  exjioaed  to  the  full  force  of  the  Gulf  storms  should  be  carried 
on  during  the  favorable  seasons  of  the  year,  and  that  tlie  sections  suc- 
cessively commenced  shotdd  be  entirely  finished  and  prot«cbMl  before 
the  adveot  of  the  stormy  seasons.  As  to  those  portions  of  the  project 
with  little  or  no  exposure  to  the  waves,  much  clieaper  constructions, 
suggested  by  the  materials  at  hand,  would  suffice. 

Itefore  discussing  any  project  for  providing  a  depth  of  20  feet  apon 
tlie  bar  in  order  to  constitute  the  lower  part  of  AransoiS  Bay  &  harbor  of 
refuge,  or  as  a  resort  tor  lines  of  large  steamers,  the  Board  considers  it 
lie»t  to  await  the  results  of  the  experience  to  bo  gained  as  to  feasibility 
and  cost  tVom  their  more  moderate  project. 

As  to  the  second  problem,  viz,  the  improvement  of  the  interior  nav- 
igation from  Amusas  Pass  to  Rockport,  the  discussion  of  this  should 
wait  upon  the  protection  of  Saint  Joseph's  Island  from  abrasion  by 
winds  and  upon  the  aqccess  of  increasing  the  depth  ovei'  the  bar  to  13 
feet.  The  di^pth  of  water  in  this  interior  cliannel  is  now  8  feet,  and  if 
80  E 
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dredged  before  the  protection  of  the  island,  would  be  liable  to  deteriora- 
tion IVoin  Hand  blown  off  by  winds.  The  third  problem — ^the  advisa- 
bility of  iini)roving  the  channel  between  Corpus  Ghristi  and  Aransas 
IJjiyH — may  likewise  wait  upon  the  improvement  of  the  bar,  before  ob- 
t4iining  which  result  no  additional  depth  would  be  necessary. 

The  fourth  problem — the  closure  of  Corpus  Christi  Inlet-— should  not 
be  undertaken  until  its  necessity  becomes  more  apparent  than  it  now 
is,  or  bofoiv  the  communication  between  the  two  bays  is  made  wider 
and  deoiH^r. 

The  ivcommendation  of  Captahi  Howell,  to  plant  trees  upon  Saint 
JoMophV  Island  for  its  protection  against  abrasion  by  winds,  is  indorsed. 

It  ivs  stutiHi  that  a  pier  (HK)  feet  in  length,  constructed  in  1869,  from 
the  end  of  S;unt  Joseph  Island,  caused  the  temporary  deepening  of 
Aransas  bar.  It  is  not  clear  how  such  effect  could  be  attributed  to  the 
struct im\  unless,  as  Lieutenant  Woodruff"  reports,  it  was  instrumental 
in  oUvsing  a  swash  channel  then  existing.  Its  effect  in  preventing  the 
tnins|H>rt<Uion  of  sauul  into  the  channel  by  the  waves  and  flood  currents 
siiouM  i^ave  Ihvu  very  slight,  since  Mr.  Collins,  assistant  engineer,  re- 
poH.H  i\\\\\  the  extent  of  shoal  over  which  the  waves  and  currents  acted 
«>\to«uUMl  iWm  the  point  of  Saint  Joseph's  Island  to  the  wreck  of  the 
8ahU  Mwi\\\  a  distance  of  about  5,500  feet. 

At  the  pit^ent  time,  however,  no  swash  channel  exists  to  the  deteri- 
«\iiitiou  of  the  depth  on  the  bar,  and  a  much  more  considerable  length  of 
iett>  \\\n\M  be  re4iuired  to  produce  any  effect  at  all. 

ij  Is  ditlloult  to  perceive  how  a  sufficient  length  with  such  object 
e^Mild  Ih^  (M)nstru(*.ted  from  the  available  funds  (about  $35,000,  appropri- 
ated iNlaivh  .'i,  1879)  unless  the  works  be  made  of  a  slight  and  temporary 
ehariu^ter,  lial)le  to  destruction  by  the  first  severe  storm. 

The  tumiinunications  to  the  Secretary  of  War  on  the  part  of  the  Hon. 
Pry  or  l<ee,  pre^sident  and  general  agent  of  the  Aransas  Eoad  Comi>any, 
hearing  date  June  16  and  17, 1879,  with  printed  summary  statement  by 
the  road  4U)nipany  on  application  to  the  Texas  legislature  for  relief 
and  the  art  of  relief  granted,  all  go  to  prove  that  the  Aransas  Boad 
i  S)iiipaiiy  possesses  no  right  to  collect  tolls  on  vessels  entering  Aransas 
Push. 

GALVESTON  HARBOR. 

An  examination  of  this  harbor  with  a  view  to  the  question  of  its  im- 
provement was  made  by  Lieut.  Geo.  B.  McClellan,  Corps  of  Engineers, 
111  the  year  1852,  but  it  does  not  appear  that  anything  resulted  there- 
from. .       ;       , 

In  1807  a  survey  of  the  harbor  was  made  by  Lieutenant  Stanton, 
under  direction  of  Major  McAlester,  Corps  of  Engineers,  and  reports 
were  submitted,  with  estimates,  looking  to  the  improvement  of  the  inner 
harbor,  and  an  appropriation  was  made  in  1868  to  dredge  the  inner  bar. 

In  the  year  1869  the  citizens  of  Galveston  commenced  a  pile  dike, 
which  was  extended  from  the  city  towards  Fort  Point,  with  a  view  to 
contracting  the  water-way,  and  thus  scouring  off  the  inner  bar.  Aboat 
1  mile  of  this  dike  had  been  completed  in  1873  with  beneficial  results. 

Captain  Howell,  Corps  of  Engineers,  assumed  charge  of  this  harbor 
in  1869,  and  after  a  short  study  of  the  x>osition,  gave  it  as  his  opinion 
that  dredging  would  furnish  but  a  temporary  relief.  New  surveys  were 
therefore  instituted  by  him,  and  after  their  completion  and  a  thorough 
investigation  of  the  subject  involved,  a  project  was  submitted  to  '£e 
Chief  of  Engineers  in  1873  for  the  removal  of  ;the  inner  bar  and  deep- 
ening the  channel  over  the  outer,  x>ossibly  to  18  feet  depth. 
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Tliis  project  cousistetl  in  the  extension  of  the  city's  dike  to  the  uortli- 
vast,  to  force  the  water  flowiug  fi'om  Galveston  Harbor  in  that  tlirection 
far  enon^h  to  remove  by  scouring  the  inner  bar  before  permitting  it  to 
flow  toward  and  into  tlie  Gulf. 

2d.  In  the  prolongation  of  this  dike  after  tnTning  it  seawai-d  well  out 
toward  the  outer  bar. 

3d.  In  the  construction  of  a  similiir  dike  from  the  outer  shore  of 
Bolivar  Point  iu  a  direction  nearly  at  right  angles  to  the  coast  line  and 
approximately  parallel  to  the  first ;  both  Jetties  to  be  extended  to  such 
tUstauces  as  would,  by  contracting  the  water-way,  deepen  the  Gulf  bar 
to  a  possible  draught  of  1^  feet. 

The  Board  of  Engineer  officers  (three  of  whom,  including  Captain 
Howell,  are  members  of  this  Board)  ordered,  February  2,  1874,  to  con- 
sider and  report  upon  the  foregoing  project,  approved  the  general  plan 
of  the  improvement,  but  expressed  their  doubts  as  to  the  durability  of 
the  cemented  gabions  with  which  it  was  proposed  to  build  the  jetties. 

The  report  of  the  Board  will  be  found  in  the  Eeiwrt  of  the  Obief  of 
Engineers  for  1874,  Part  I,  page  736.  After  a  abort  description  of  the 
posititm  and  its  tidal  phenomena,  the  Board  give  their  opinion  of  the 
improvement  as  follows : 

Thnt,  if  pietn  prnpnaed  by  Captniu  Howelt  were  couatnioted,  extending  over  tbo 
hnr,  the  [iDjith  at  water  thereon  would  lie  iuoi'eiuied  in  nn  imxiortant  dej^e,  thongh 
tsaotly  wliut  depth  might  he  looked  for  cannot  be  predicted.  It  is  also  believed  that 
the  ioHhore  extremity  of  the  pier  on  the  Fort  Point  aide  of  the  entrance,  from  the 
poiut  where  it  oonnoctH  with  the  bulkhead  cotiatructed  by  the  city  to  where  it  joins 
the  long,  atrai^htportion  imining  to  thu  bnr,  will  have  tlie  elfeet  of  moving  '  ' 
-  ■' Ivestoii  Harl  ■  ■    "  '"        "'         ^ 


»t  the  Galveston  Harlior  ontmnoe  near  to  Bolivar  Cbaunel,  whereby  it 
extent,  be  (Murtod  olf  by  the  main  currant  of  tbo  latter. 

As  to  its  pernianeucy,  and  method  of  constraction  with  gabions,  they 
added: 

If  taken  literally,  thiM  condition  (of  permanency)  cannot,  in  the  opinion  of  tba 
Bou^,  be  fuimied  by  the  present  project,  nor  by  any  otlier  known  method  of  improve- 
ment. Thiiiiy;h  the  present  piers  will  not  aecuie  an  actual  permanency  of  the  depth  at 
first  attained,  unless  they  should  be  &odi  time  to  time  extended,  *  *  *  it  is  be- 
lieved that  the  requirements  of  a  practical  permanenoy  will,  under  the  coDdltions 
before  expressed,  be  fulfil  ted. 

As  regards  the  method  of  constmation  nroposeil  by  Captain  Howell  tbo  Board  is 
compelled  to  npeak  witli  less  coutidence.  The  importance  of  some  device  for  pierti  or 
tratninE-wulls  for  the  improvement  of  our  harbore  whiuh  shall  be  leas  costly  than 
those  hitherto  practiced,  is  readily  TeaoEUized     *    •    • 

The  Board  therefore  thinks  it  would  be  welt  to  make  a  trial  of  tbe  device,  and 
would  thereforere  commend  that  be  tested  by  first  constructing  the  inner  end  of  the 
pier  on  the  Fort  Point  side,  and  if  found  to  succeed  there,  that  the  pier  on  the  other 
side  be  commenced  at  its  shore  end,  while  at  the  same  time  a  length  of,  say,  from  300 
to  500  feet  be  put  down  near  tbe  bar  extremity  of  the  same  pier  Co  teat  its  ofUciency 
in  the  most  exposed  position,  the  extremities  of  this  detEu:hed  portion  being  protected 
from  the  undermining  action  of  the  waves  and  cnrrents  bj  a  suitable  aprou  of  bags  of 
concrete  or  other  material.  By  carrying  out  the  shore  eud  of  the  pier  at  the  same 
time  as  or  before  the  experimental  portion  on  the  outer  bar,  some  idea  can  be  (brmed 
to  the  width  to  be  given  to  the  latter  to  enable  it  to  withstand  the  violeaC  action  in 

"  exposed  position.  * 


^H[t  W 


Ptt  was  thought  by  Captain  Howell  and  the  other  members  of  the 
I  that  the  drift  saud  would  bury  the  gabionnade,  and  the  trial  pre- 
^wribed  was  therefore  needed  to  test  its  durability  until  thus  covered. 
An  appropriation  of  $ti«,(W()  for  the  improvement  of  Galveston  Harbor 
was  made  in  L874  and  the  work  commenced.  Diiriug  the  summer  nearly 
2U0  running  feet  of  gabions  were  laid  iu  the  Fort  Point  dkeor  pieiT, 
which  withstood  the  Septeml)er  gale.  In  consequence  a  favorable  report 
thereon  was  made  to  the  Chief  of  Engineers,  who  referred  the  question 
as  to  the  method  of  construction  back  to  the  Board  by  letter  of  instruo* 
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tions  of  December  31, 1874,  to  decide  if  the  test  to  which  it  had  been 
subjected  was  in  their  opinion  adequate  to  establish  the  system. 

The  reply  of  the  Board,  given  in  Eeport  of  the  Ghief  of  Eogineers, 
Part  1, 1876,  page  869,  says  briefly: 

We  do  not.  therefore^  regard  the  trial  made  by  Lientenaiit  Qninn  as  decisive,  but 
still  advise  that  the  full  tests  recommended  in  our  report  of  January  1874,  be  carried 
out. 

Should  further  trial  prove  it  a  suitable  structure  for  a  breakwater  on  the  Gnl^  its 
manner  of  construction,  whether  with  a  single  row  of  gabions,  Or  two,  or  even  three 
in  the  first  tier,  and  its  height  and  finish  at  top,  must  be  worked  out  by  continued 
experiment.  So  great  a  saving  will  be  effected  by  limiting  the  construction  to  a  single 
row  of  ^abioDS  in  each  tier,  that  the  trial  with  this  limit  ought  to  be  made  in  connec- 
tion with  the  method  of  two  rows  in  those  portions  of  the  jetties  it  is  proposed  to 
build  in  order  to  test  the  practicability  of  the  system. 

In  the  summer  of  1375.  with  the  further  appropriation  of  $150,000, 
preparations  were  made  tor  continuing  the  work  on  a  larger  scale  by 
increasing  the  plant,  collecting  a  sufficient  supply  of  material,  and  con- 
structing a  large  number  of  gabions.  In  addition  about  2,000  feet  of 
gabionnade  had  been  put  in  place  when  the  hurricane  of  September  15, 
almost  unprecedented  in  duration  and  force,  destroyed  nearly  everything 
on  hand  and  washed  away  the  north  part  of  Galveston  Island  in  the  vicin- 
ity of  Fort  Point  to  such  an  extent  as  to  leave  portions  of  it  under  water 
at  ordinary  high-tide.  The  losses  to  the  government  work  by  the  storm 
were  reported  as  amounting  to  $50,000. 

In  consequence  of  reported  changes  in  the  channels  and  shoals  of  the 
harbor  of  Galveston  and  its  entrance,  produced  by  the  hurricane  of  Sep- 
tember 15, 1875,  the  Board  upon  the  improvement  of  this  harbor  was 
again  called  upon,  December  10, 1875,  to  review  the  subject  and  to  give 
their  opinion  whether  any  modification  of  the  plan  heretofore  followed 
was  made  necessary  by  the  experience  due  to  tlie  gale.  Their  report  is 
given  in  the  Chief  of  Engineers'  Report  of  1876,  part  I,  page  581,  from 
which  we  quote  their  conclusions,  as  follows: 

1.  That  the  two  jetties  or  training  walls  recommended  in  the  report  of  January, 
1874,  willy  if  constructed,  produce  an  important  increase  of  depth  over  the  outer  bar. 

2.  That  the  ]>ortion  to  be  iirst  constructed  should  be  that  part  of  Uie  west  jetty 
starting  from  Fort  Point  towards  the  main  cliannol  and  continuing  as  far  along  the 
same  as  may  be  neccHsary  in  order  to  improve  the  inner  bar,  by  preventing  the  trans- 
port of  the  sand  by  waves  and  currents  into  the  inner  channel  and  allowing  the  cur- 
rents of  that  channel  to  increase  the  erosion. 

•  'S,  As  the  use  of  gabions  is  a  novelty,  and  consequently  as  we  have  no  experimental 
knowledge  regarding  their  reliability  for  such  works,  they  should  not  be  adopted  defi- 
nitely for  the  main  works  until  a  more  thorough  and  extended  test  shall  have  been 
made  of  them  by  the  extension  of  the  inshore  end  of  the  Fort  Point  jetty,  by  construct- 
ing from  300  to  400  feet  of  the  northern  jetty  on  the  most  exposed  position  on  the  bar 
and  of  a  portion  of  the  inshore  end  of  that  jetty,  as  recommended  in  our  first  report. 

It  should  be  stated  that,  in  the  opinion  of  the  Board,  the  use  of  these  gabiODB  in 
exposed  positions  can  be  attended  with  success  only  in  case  they  shall  be  soon  covered 
by  the  drifting  sands,  so  as  to  protect  them  from  injury  from  the  continued  action  of 
waves,  from  tne  shock  of  floating  bodies,  and  from  all  other  causes  which  misht  tend 
to  disrupt  them  and  allow  their  sand  tilling  to  escape.  When  so  protected  they  wiU 
form  a  nucleus  for  the  sand  ridges  as  stable  and  as  permanent  as  if  of  stone  or  concrete. 
But  if  not  so  protected,  those  gabion  structures  will  be  constantly  liable  to  injury  and 
in  time  to  decay,  when,  losing  their  sand  filling,  the  structure  would  soon  be  waaiied 
away.  That  the  proposed  jetties  will  be  so  covei*ed  seems  probable,  but  can  be  dieter- 
mined  only  by  trial  such  as  we  have  recommended. 

Establishing  a  suitable  plaot  on  Bolivar  Peninsula,  instead  of  rebtiild- 
ing  it  at  Fort  Point,  collecting  needed  material  and  manufacturing  ga- 
bions with  which  to  resume  construction,  nearly  exhausted  the  balance 
of  the  second  appropriation  and  caused  cessation  of  woi^  early  in  Jcdy 
1876.  The  third  appropriation  ($142,000)  was  made  in  August,  1876 
but  was  not  freely  available  until  February  22, 1877.    With  it  the  B<d. 
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'ar  jiier  was  (lommencwl  and  the  Fort  Point  jjabionnadc,  designed  to 
remove  tlie  inner  bar,  uontimied  and  finally  completed,  the  funds  giving 
ont  in  November  ol"  tliat  year.  In  .Tnne,  1878,  a  fonrth  appropriation 
{♦125,000)  was  made  by  Uongress,  which  has  been  expended  in  the  con- 
BtmctioD  of  the  Bolivar  pier  to  a  length  of  about  7,000  feet,  and  the  col- 
lection of  material  and  manufacture  of  a  large  number  of  gabions  for  this 
summer's  work. 

The  inner  bar  by  the  action  of  the  Fort  Point  pier  has  been  removed 
to  a  depth  of  20  feet.  The  effect  of  the  Bolivar  pier  in  reported  as  favor- 
able, but  it  lias  not  yet  been  extended  far  enough  to  give  an  increase  of 
depth  on  the  outer  l)ar. 

Having  thus  given  a  brief  history  of  the  works  of  improvement  at 
Galveston  during  the  past  tlve  years,  the  Board  proceeds  to  the  main 
question  presented  for  its  consideration,  viz:  Have  the  cemented  gabions 
used  thns  far  in  building  the  Galveston  piers  been  snfhciently  tested  as 
to  solidity  and  durability  to  warrant  their  continued  use  in  the  comple- 
tion of  these  pierst 

In  their  trial  at  the  Fort  Point  pier  they  stood  against  the  force  of 
currents  and  stonu  waves  until  they  were  co^■ered  by  sand,  thus  fulfill- 
ing the  purpose  for  which  they  were  intended  by  becoming  the  nnoleus 
for  a  sand  pier.  It  whs  the  expectation  of  Captain  Ilowell,  tlio  origin- 
ator of  this  method  of  construction,  as  well  as  of  the  Board  that  recom- 
mended its  trial,  that  the  drift  saudof  the  coast  would  cover  the  gabion- 
na<le  in  a  few  months  after  it  had  been  place<l  in  position,  or  at  least 
sufficiently  so  to  protect  it  in  great  part  from  the  <ie8trnctive  effects 
of  storm  waves.  While  such  result  was  obtained  at  the  Fort  Point  pier, 
the  same  success  has  not  attended  the  construction  of  the  Bolivar  pier. 
This  latter  has  been  extended  seaward  into  the  open  gulf  about  7 ,000  feet. 
A  portion  of  the  gabions  were  placed  directly  on  the  sand  bottom.  These 
settled  into  the  sand  to  depths  varying  from  J  to  g  of  their  height,  pos- 
sibly by  oscillation,  while  those  placed  on  mattresses  do  not  a))pear  to 
have  sunk  to  any  appreciable  degree;  nor  has  the  drift  formed  against 
them  thus  far,  as  was  anticipated.  Exposed  to  the  full  foiH^  of  the  storms, 
about  J  part  of  the  gabions  placed  in  the  north  pier  have  been  broken 
lip  and tlisappeared.  Captain  Howell  attributes  this  loss  in  part  to  the 
fact  that  many  of  these  gabions  had  been  kept  on  hand  for  a  long  i>erio<l, 
between  one  and  two  years,  Iwfore  they  wore  used,  and  that  in  conse- 
quence the  wood  of  which  they  were  in  part  made  had  suffered  partial 
decay.  Further,  that  many  of  the  gabions  thns  lost  were  not  entirely 
filled  with  sand  and  did  not  attaui  their  full  weight,  stability,  and 
strength.  Many  delays  and  adverse  circumstances  have  attended  this 
work  as  thus  far  carrie<l  on. 

It  is  not  inapproiiriate  here  to  allude  to  the  magnitude  of  this  enter- 
prise. The  building  of  7  miles  of  piers  into  the  open  Gulf  of  Mexico, 
beyond  tlie  shore  line,  is  an  undertaking  of  its  kind  unprecedented  in 
this  country.  The  Delaware  breakwater  and  those  more  noted  abroad, 
SIB  at  Plymouth,  Cherbourg,  Algiers,  and  Port  Said,  being  eurockments 
of  natural  or  artificial  stone,  are  not  parallel  cases.  They  were  regarded 
as  too  expensive  methods  of  construction  for  this  locality.  The  question 
at  Galveston  was  to  build  into  the  Gulf  {where  the  water  is  shoal 
<>nough  to  become  in  violent  storms  either  a  continuous  line  of  breakers 
or  sufficiently  approachiug  thereto  to  involve  the  destrnctive  effects  of 
wave  translation)  two  piers  by  some  method  that  would  bring  the  cost 
within  justifiable  and  therefore  practicable  limits  of  expenditui-e.  It 
was  with  this  riew  that  the  cemented  gabion  was  resorteii  to.  It  was 
an  expenmeot  under  peculiar  circumstances.     It  Amis' only  in  part  a 
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parallel  in  the  improvemeut  of  the  mouth  of  the  Maas.  the  outflow,  of 
which  was  in  part  tidal  and  in  part  a  river  current,  and  the  piers  a  de- 
parture from  the  heretofore-established  system  known  as  enrockment. 
It  is  quite  probable  that  the  same  system,  viz,  alternate  layers  of  mat- 
tress and  stone,  carefully  laid  and  protected  on  the  slopes  and  top 
curved  surface  above  water  by  large  blocks  selected  and  placed  wit^ 
care,  might  have  been  efficient  at  the  Galveston  piers  j  but  it  was 
thought  to  be  too  costly  on  account  of  the  difficulty  of  obtaming  suitable 
stone.  The  gabion,  therefore,  was  resorted  to  as  worth  the  trial,  and 
with  the  hope  that  it  would  furnish  a  method  of  construction  in  like 
cases  not  so  expensive  as  to  be  prohibitory.  As  an  experiment,  it  was 
open  to  modification  when  experience  should  suggest  changes  promising 
improvement.  The  change  from  the  cylindrical  to  the  large  oblong 
gabions  was  made  soon  after  the  Fort  Point  gabionnade  was  commenced 
with  a  view  to  greater  weight,  and  hence  to  stability  and  to  economy  of 
construction ;  but  it  is  questionable  if  the  change  has  not  weakened 
the  structure.  This  was  of  no  consequence  in  the  south  pier,  or  so  long 
as  the  gabionnade  was  rapidly  covered  by  drift  sand ;  but  in  the  north 
pier,  which  has  thus  far  shown  very  little  collection  of  sand,  the  strength 
of  the  gabion,  and  hence  its  durability,  becomes  an  essential  feature. 
The  fact  that  one-sixth  part  of  those  laid  on  the  north  pier  have  been 
destroyed  is  proof  that  they  were  not  strong  enough  to  withstand  the 
waves  to  which  they  were  subjected.  Defects  in  the  making,  the  ma- 
terial, and  the  filling  may  account  for  the  breaking  of  a  part,  perhaps 
the  larger  part,  of  these  lost  gabions,  yet  the  inference  remains  that 
they  are  not  strong  enough,  as  laid,  to  undergo  continued  battering  of 
the  waves.  In  this  connection  it  should  be  stated  that  the  loss  occurred 
on  the  inshore  portion  of  the  gabionnade,  where  they  were  subjected  to 
greater  strains  by  the  force  of  the  shoaler  water  translated  into  breakers 
by  storms. 

It  would,  however,  be  very  unjust  to  the  originator  of  this  system  of 
construction  to  condemn  it  on  imperfect  evidence  without  personal 
examination  and  without  being  sure  that  we  comprehend  fully  aU  tiie 
circumstances  iinder  which  an  apparent  or  partial  failure  at  one  point 
has  occurred.  Had  any  other  system  whatever  been  used,  it  is  quite 
probable  there  would  have  been  delays,  destruction  of  plant,  and  otilier 
losses,  as  well  as  occasional  injury  to  the  imfinished  work  by  reason  of 
the  violent  storms  of  this  locality,  and  the  frequent  cessation  of  work 
from  that  and  other  causes. 

It  seems  quite  probable  that  the  gabions  have  not  been  made  as  strong 
afiB  they  should  be ;  that  they  are  not  sufficiently  braced  inside,  and  that 
the  heads  are  not  as  secure  as  they  might  be  made  by  being  tied  together 
by  several  rods.  The  question  also  occurs  as  to  the  best  manner  of 
placing  them,  whether  in  a  single  row,  lengthwise,  or  in  two  rows,  side 
by  side,  or  removed  a  short  distance  one  from  the  other  ^  or  again,  in  a 
single  row  placed  crosswise. 

Until  the  above  methods  have  been  tried  with  gabions  made  stronger 
than  those  hitherto  used,  the  Board  cannot  regard  the  question  of  their 
success  or  failure  as  fully  decided. 

It  may  yet  occur  that  the  gabionnade  will  collect  drift-sand,  and  thus 
protect  itself.  The  time  that  has  elapsed  since  the  Bolivar  pier  was 
commenced  is  not  sufficient  to  determine  that  question. 

This  Board,  therefore,  in  conclusion,  recommend,  as  Captain  Howell 
has  on  hand  about  600  gabions  (which  if  not  used  would  be  mere  waste) 
that  he  strengthen  them  and  try  the  methods  of  placing  them  suggested, 
and  cause  close  observations  to  be  made  with  a  view  to  detemine  (if 


APPENDIX  N.  1271 

any  faU),  in  what  way  tbey  are  injured  or  give  way,  and  to  gather  such 
other  experience  therefrom  as  will  enable  this  Board  to  form  a  decision 
as  to  tlie  efficiency  of  the  system  after  this  further  trial.  In  the  mean 
time  no  more  gabions  should  be  made. 

This  Board  further  suggests  that  the  method  by  alternate  layers  Of 
simple  brush  or  reed  mattresses  and  stone  be  tried,  provided  stone  can 
be  obtained  from  the  Trinity  or  San  Jacinto  rivers  above,  or  from  any 
other  source,  more  cheaply  than  concrete  can  be  made.  If  not,  that  con- 
crete in  blocks  be  used,  or  in  bags,  instead  of  stone.  The  object  of  try- 
ing this  method  is  twofold — 

1st.  To  determine,  if  possible,  upon  some  method  of  surface  finish 
that  will  endure  without  displacement  the  shock  of  the  storm  waves. 

2d.  To  determine  its  cost  or  relative  economy  to  other  systems. 

There  can  be  little  doubt  that  the  Dutch  system  would  be  as  success- 
fill  at  Galveston  as  at  the  mouth  of  the  Maas. 

Any  system,  however,  that  exposes  small  stone  on  the  surface  and 
slopes  to  the  action  of  open-sea  breakers  will  be  liable  to  injury,  and 
will  at  times  require  repairs.  Breakwaters  which  are  enrockments 
have  usually  been  covered  on  the  upper  part  of  their  sloping  sides  and 
on  the  top  by  very  large  selected  stone  placed  with  care,  and  they  have 
been  further  protected  by  a  heavy  course  of  stone  laid  as  a  binding  wall 
on  the  upper  surface,  or  they  have  been  built  of  blocks  of  concrete'  of  a 
weight  of  25  tons  and  upwards,  large  enough  to  resist  the  moving  power 
of  waves.  The  outer  portion  of  the  two  jetties  built  inte  the  Gulf  of 
Mexico,  at  the  mouth  of  the  South  Pass  of  the  Mississippi,  have  been 
injured  by  storm  waves,  which  rolled  the  top  stones — quite  large  granite 
blocks — ^from  the  surface  down  the  slopes  into  the  sea.  Wlnle,  there- 
fore, we  recommend  for  trial  the  system  by  alternate  layers  of  mattresses 
and  stone,  we  suggest  that  the  Holland  or  Maas  dike  be  taken  as  the 
model,  the  mattresses  of  which  are  made  thin  and  sufficiently  weighted 
with  small  stone  to  consolidate  them  as  the  work  progresses.  There  is, 
however,  no  necessity  for  the  use  of  fascines,  for  reed  or  brush  wiU  con- 
solidate sufficiently  if  the  mattresses  are  made  thin  and  properly  loaded. 
The  protection  of  the  surface  is  the  difficult  question  to  be  solved,  and 
we  are  not  aware  of  any  method  to  accomplish  that  object  with  an  ab- 
solute surety.  The  pavement  of  the  slopes  and  upper  surface,  after  the 
I>ateh  method,  is  better  tested  than  any  other.  It  is  quite  possible  that 
concrete  blocks  of  great  weight  may  prove  to  be  a  good  finish  to  these 
Jetties  as  large  stone  have  been  to  the  ordinary  stone  breakwater. 

There  is  no  very  cheap  way  of  building  jetties  into  the  ocean.  As  far 
as  we  can  learn,  the  Maas  jetty,  where  16  feet  deep,  cost  about  $200  per 
nmning  foot.  At  Galveston  the  depth  will  vary  from  8  to  12  feet,  and  the 
eross-section  will  be  very  much  reduced,  varying  nearly  as  the  squares 
of  the  depths.  Could  suitable  stone  be  procured,  the  cost  might  not  be 
relatively  greater  than  in  Holland.  The  system  is  worth  the  trial,  omit- 
thig  the  construction  of  fiiscines  and  adopting  instead  the  simple  mat- 
tress, made  of  layers  of  bnish  or  reeds  placed  at  right  angles  to  each 
other. 

BespectfuUy  submitted. 

Z.  B.  TOWEB, 
•  Colonel  of  Engineers,  Bvt,  Maj.  Oen. 

John  Newton, 
Colonel  of  Engineers^  Bvt  Maj,  Oen. 

Q.  A.  GiLLMORE, 

Lkutenant- Colonel  of  Engineers j  Bvt.  Maj.  Gen.. 
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N  9. 
IMPROVEMENT  OF  HARBOR  AT  BRAZOS  SANTIAGO,  TEXAS. 

The  only  survey  (in  so  far  as  official  records  show)  of  this  harbor  and 
pass  was  made  in  1871,  January  28  to  March  13 ;  and  report,  submitting 
plan  and  estimates  for  improvement,  was  rendered  Aprfl  7, 1871. 

FROM  REPORT  OF  THE  SURVEY. 

1.  The  harbor  is  situated  about  10  miles  from  the  mouth  of  the  Bio 
Grande. 

2.  The  depth  of  water  on  the  bar  at  the  mouth  of  the  river  was  4  feet, 
making  it  necessary  to  "lighter'' everything  destined  for  Brownsville. 

3.  The  bar  in  the  usual  curved  form,  obstructs  the  harbor  directly 
across  the  mouth  of  the  pass,  and  is  so  situated  as  to  be  entirely  exx>osed 
to  heavy  storms ;  it  is  composed  of  a  quicksand  formation,  acted  upon 
with  extraordinary  facility  by  water.  The  channel  across  the  bar  con- 
stantly shifts.    The  depth  of  water  (in  1871)  was  7  feet  at  high  tide. 

4.  Greatest  depth  of  water  in  harbor  27  feet. 

5.  The  improvement  desired  is  a  deeper  channel  across  bar.  ^ 

6.  The  harbor  is  ample  for  the  commerce  of  the  port  and  needs  no 
protection. 

7.  The  only  possible  application  of  dikes  (jetties)  here  would  be  to 
prolong  the  walls  of  the  outlet  until  they  reach  a  point  very  near  the 
position  of  bar,  in  order  to  concentrate  upon  one  spot  the  whole  action 
of  whatever  current  there  might  be.  The  immediate  effect  of  this  might 
be  favorable.  The  ultimate  effect  would  be  the  formation  of  a  new  bar 
outside  the  present  one,  and  that  at  no  distant  period. 

8.  The  formation  of  structure  being  in  quicksand,  difficulties  of  con- 
struction would  be  very  great. 

9.  The  estimate  (following)  proposes  a  single  concrete  jetty  ^,500  feet 
in  length)  with  an  average  cross-section  22  feet  in  width  by  lo*  feet  in 
height,  the  width  being  at  every  point  50  per  cent,  greater  than  the 
height.    The  head  of  jetty  to  be  circular,  and  60  feet  in  diameter. 

ESTIMATES. 

1,752  palmetto  piles,  25  ffot  each $13,140  00 

148.  ly?  feet,  board  measure,  8  by  8  inch  cap-timber,  &  c 7, 409  85 

13,961  poiiuds  1  by  18  iDch  bolts ; 1,676  32 

Frammgtie«,  &c 1,314  00 

Driving  piles 3,504  00 

30,610  gunny  sacks 6,1»  00 

49^431  cubic  yards  coucrcto 741,405  00 

Total  cost  of  jetty 774,630  17 

If  aft-cr  constructing  a  jetty  of  this  kind,  it  is  fonud  that  the  bar  has  only  moved 
farther  out  into  the  gulf,  which  will  probably  bo  the  case,  it  will  then  be  neccssaiy  to 
prolong  the  jetty  to  the  now  position  of  the  bar. 

The  object  of  submitting  this  estimate  is  to  show  the  cost  of  what  ia  believed  to  be 
the  best  plan  for  improvement.    The  necessities  of  the  case  do  not  seem  to  caU  for 

Buch  an  exi>onditure.  « 

•  »  #  •      •  «  •  « 

From  the  date  of  report  of  survey  as  above  given,  until  1878,  nothing 
appears  to  have  been  done  in  regard  to  this  harbor. 

In  1878— November  29  to  December  30 — ^the  obstruction  occasioned 


« 


Settlement  of  4  feet  allowed. 
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by  the  wreck  of  the  bark  Bene  des  Mers  was  removed  from  the  harl>or ; 
^appropriation  of  $6,000  by  act  of  Congress  approved  Juno  18, 1878. 

PROGRESS  MADE  DURING  YEAR  ENDING  JUNE  30,  1880. 

• 

Ko  ftmds  available  for  expenditure  on  this  work  during  the  year. 

The  first  appropriation  for  improvement  proper  (the  amount  given  in 
1878  being  for  the  removal  of  obstnictions  to  navigation)  at  this  point 
m  by  the  terms  of  the  act  of  Congress  of  June  14, 1880,  viz,  $25,000. 

In  any  plan  suggested  for  the  improvement  of  the  harbor  at  Brazos 
Santiago,  the  sum  available,  $25,000  will  not  warrant  actual  commence- 
ment  on  the  work. 

It  is  therefore  recommended  that  the  appropriation  of  $25,000  be  held 
to  await  further  action  of  Congress,  and  in  the  mean  while  measures 
may  be  taken  in  hand  to  project  a  defined  plan  for  the  expenditure  of 
appropriations  to  follow  hereafter^ 

The  work  is  located  in  the  collection  district  of  Brownsville,  Tex.,  and  the  nearest 
light  Brazos  Island  light  (beacon). 

Money  statement 

Amount  appropi-iated  by  act  approved  June  14,  1880 4:25, 000  00 

July  1,  18&0,  amount  available *^,000  00 

Amount*  (estimated)  required  for  completion  of  existinj;  prryi-ct 774, 630  00 


N    ID. 

PROTECTION  OF  RIVER  BANK  AT  FORT  BROWN,  TEXA8,  FROM  ENCROACH- 
MENTS OF  THE  RIO  GRANDE. 

Original  appropriation  (act  of  July  31,  1876) $10,000 

Appropriation  of  March  3, 1879 7,000 

Total 17,000 

In  1871  private  parties  built  a  pile-jetty  about  330  yards  upstream 
bora  the  garrison  wall,  the  greater  i)ortion  of  which  was  washed  away 
in  years  since. 

ii  April  and  June,  1877,  there  was  constructed  a  pile-jetty  (or  break- 
water); the  axis  of  the  main  work  was  a  line  starting  at  the  river  bank 
at  the  foot  of  Fourteenth  street,  Brownsville,  and  made  an  angle  of  9^ 
wiOk  the  general  direction  of  the  sAore  line  from  the  starting  point  to  a 
point  in  front  of  the  Administration  Building. 

The  main  work  was  150  feet  long,  and  was  connected  with  the  bank 
below  by  a  wing  biiilt  in  the  same  manner  as  the  main  structure,  and 
making  with  it  an  angle  of  about  130^,  the  object  of  the  wing  being  to 
prevent  the  formation  of  a  dangerous  eddy  below  the  work. 

In  March,  April,  and  May,  1878,  repairs  were  put  upon  this  pile-jetty ; 
aad|  also^  from  the  6th  pile  of  the  main  work  was  commenced  a  new 
stracture.  upon  the  same  plan,  continuing  about  130  feet  further  up  the 
stream^  tne  last  40  feet  of  this  distance  being  sheet-piling.  About  this 
same  time  of  the  year  the  Levee  Company  of  Brownsville  put  in  a  small 
jetty  of  live-willow  piles  just  above  the  city,  at  an  expense  of  about 
$3,000. 


« 


Estimuto  for  one  jetty,  on  south  aidO|  made  in  1871. 
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Cost  of  original  structure  and  wing,  $7,197.60 ;  therefore  Oaptain  Greg- 
ory, in  charge  then,  recommended  the  appropriation  of  $14,400,  to  build 
400  feet  of  extension. 

I  was  directed  by  Special  Orders,  No.  30,  dated  Headquarters  Corps  of 
Engineers,  March  10, 1880,  to  relieve  Gapt.  W.  E.  Livermore  of  the 
charge  of  this  work. 

Under  instructions,  Oaptain  Livermore  submitted  to  your  office  a  pro- 
ject for  the  work,  dated-  Fort  Brown,  Tex.,  February  27, 1880.  This  was 
referred  to  me  by  indorsement  for  consideration  in  connection  with  the 
preparation  of  my  project  for  the  application  of  $7,000  made  by  the  river 
and  harbor  act  of  March  3, 1879,  "  for  protection  of  river  bank  at  Fort 
Brown,  Tex.,''  assigned  to  him  (Oapt.  W.  R.  Livermore)  by  paragraph  3 
of  General  Orders,  No.  30,  headquarters  Corps  of  Engineers,  current  series. 

In  accordance  therewith  I  wrote  your  office  on  the  24th  of  March : 

Captain  Livermore's  project  of  lining  the  river  bank  with  a  mattress  of  brush  to 
prevent  further  erosion  seems  to  be  the  correct  method  of  procedure,  and  is  what  I 
would  recommend  be  done  with  the  available  funds. 

Upon  your  receipt. of  this  I  was  advised  by  telegraph  that  the  project 
was  approved,  and  I  was  directed  to  execute  it. 

Taking  the  first  steamer  for  Brownsville,  I  arrived  there  the  night  of 
the  11th  of  Ax>ril.  The  morning  of  the  14th  a  gang  of  10  men  began 
cutting  brush  on  the  reservation,  and  by  the  evening  of  the  22d  we  had 
placed  in  position  on  the  river  bank  2  mattresses,  measuring  65  by  32^ 
feet,  thus  covering  about  70  running  feet  of  bank ;  the  river  was  at  its 
low  stage,  and  about  35  feet  of  the  mattresses  were  under  water,  lying 
iiX)on  the  bed  of  the  river,  well  anchored  down  by  ballast  consisting  of 
bags  of  brickbats,  there  being  no  stone  available. 

Leaving  the  work  in  good  and  well-instructed  hands  I  returned  to 
Galveston.  By  the  close  of  the  month  six  mattresses  (65  by  32^  feet) 
were  successfully  placed,  covering  about  200  running  feet  of  bank.  By 
the  27th  of  the  month,  we  had  exhausted  the  supply  of  brush  in  the  res- 
ervation and  began  cutting  it  at  points  on  the  river  above  and  below. 

After  placing  the  third  mattress  the  river  suddenlv  rose  12  feet  in  one 
day,  and  the  following  day  fell  9  feet ;  our  incomplete  work  therefore 
received  a  severe  test  which  it  sustained  unflinchingly  and  gave  us  the 
assurance  that  our  work  would  be  a  success.  As  we  anticipated,  a 
large  amount  of  sediment  was  deposited  upon  our  mats,  which  insures  its 
perfect  stability. 

Our  work  continued  with  little  interruption  during  May  and  till  the 
11th  of  June,  when  it  was  brought  to  a  close  by  reason  of  the  scarcity 
of  brush  and  for  the  further  reason  tl/litwe  had  completed  the  work  orig- 
inally contemplated;  1,047  running  feet  of  bank  had  been  covered  witii 
mattresses,  measuring  68,000  square  feet  of  surface,  100  running  feet  of 
bank  below  has  been  covered  with  trees  and  brush  anchored  with  wire, 
and  the  old  jetty  (Captain  Gregory's)  filled  in  the  same  manner.  Pro- 
vision has  been  made  for  carrying  the  surface  drainage  away  from  the 
bank  and  into  the  lagoon,  and  a  neat  fence  formed  of  our  fascines  horses 
gives  material  protection  to  the  river  bank  and  the  road  which  runs 
along  its  crest  by  the  Administration  Building. 

A  brief  description  of  our  work  may  not  be  out  of  place  here.  Its  sim- 
plicity and  cheapness,  and  withal  its  undoubted  efficiency,  will  recom- 
mend its  adoption  under  similar  conditions. 

Here  we  had  a  bank  on  the  concave  side  of  the  river,  14  feet  high 
above  the  level  of  low* water,  comt)o.sed  of  strata  of  sand  and  clay, 
hugged  by  the  current,  which,  even  in  a  low  stage  of  the  river,  has  a 
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Sknsiilerable  velocity ;  the  deptli  of  water  along  thia  bead  at  low  atage 
being  over  20  feet. 

Suilileu  rises  of  the  water  caused  by  ineltiiig  snow  iu  the  moiihtains 
or  by  heavy  rainfall  occur  each  Bcason,  notably  in  June,  when  the  river 
boils  and  surges  in  a  terriflc  manner,  and  carries  before  it  everything 
placed  in  the  river  in  the  fomi  of  a  jetty  or  training  wall ;  the  bank  is 
softened,  and  when  the  water  falls  it  caves  in  and  dissolves  like  sugar  iu 
hot  coll'ee, 

This  action  has  been  going  on  for  years,  and  lately  the  danger  of  its 
cutting  through  {210  feet)  into  tlie  lagoon  has  been  quite  imminent ; 
should  snch  an  event  occur,  valuable  government  buildings  would  be 
swept  away,  and  historic  old  Fort  Brown  with  its  site  woald  most  as- 
suredly be  taken  by  the  Mexicans. 

It  was  with  a  view  to  guard  against  such  acontingency  that  the  appro- 
priation of  $7,000  was  made  by  Congress. 

For  the  past  ten  years  the  Mexican  point  (Santa  Cruz]  opposite 
Brownsville  has  been  gradually  eaten  away  by  the  current  of  the  river 
directed  against  it  by  jetties  built  by  private  parties  for  the  purpose  of 
reclaiming  land  for  the  city  of  Brownsville.  The  eftect  of  this  change 
on  the  river  bed  has  been  to  direct  the  full  force  of  the  cnrrent  against 
the  government  reservation  below  and  adjacent  to  the  city.  Captain 
Gregory  put  in  a  jetty  here  iu  1878  to  direct  the  current  from  the  bank. 
The  point  of  impact  of  the  current  was  constantly  descending,  and  sooa 
it  struck  the  bank  below  and  cut  iu  behind  the  jettyto  its  serious  injury 
and  imperiled  the  Administration  Building. 

The  bank  now  for  over  1,000  feet  below  Captain  Gregory's  jetty  is 
thought  to  be  safe  against  further  erosion  m  consequence  of  om-  brush 
mattress  covering.    It's  mode  of  construction  was  as  follows : 

Abundance  of  excellent  brush  being  at  hand  for  the  cutting,  &,3cine 
ropes  were  made  4  to  G  inches  in  diameter  and  in  leugtlis  of  65  and  3^^ 
feetj  the  longer  for  the  circumstance  of  the  case,  the  shorter  for  con- 
venience. A  raft  was  constructed  and  framed  over  with  parallel  rollers — 
dimensions  of  our  raft  (about  30  feet  sfiuare]  were  limited  by  available 
material  therefor — and  moored  against  the  bank,  which  had  been  previ- 
ously roughly  graded. 

The  longer  fascine  ropes  were  then  run,  end  on,  down  the  bank  and 
out  onto  the  raft,  the  upper  end  resting  at  the  crest  of  the  bank,  the 
lower  at  the  outer  edgeof  the  raft,  and  spa^wsd  about  3  feet  apart;  H  fas- 
cines sufficed.  The  shorter  fascine  ropes  were  then  rolled  down  the 
bank  and  spaced  likewise  3  feet  apart  and  at  right  angles  to  tlie  former, 
the  whole  forming  an  open  netwOrk  of  square  meshes,  with  both  ends 
of  fascines  extending  all  around,  1  foot  beyond  the  last  crossings. 

Every  crossing  around  the  edge  and  every  alternate  crossing  inside 
was  then  lashed  with  rope  the  size  of  a  clothes-line,  having  an  eye  turned 
in  one  end,  the  other  end  being  secured  temporarily  to  the  top  of  a  stake 
placed  vertically  iu  the  fascine  so  that  it  could  be  easily  found  after  the 
filling  brush  and  upper  grillage  had  been  iilaced,  when  it  served  to  fasten 
the  crossings  to  the  top  grillage  and  to  seciu^ly  bind  the  mattress  com- 
pactly. 

The  other  crossings  of  the  grillage  not  ah-eady  secured  by  rope,  were 
bound  with  a  smaller  cord. 

Upon  the  lower  fascine  ropes  and  between  the  cross  ones,  brush  was 
laid,  carefully  distributed,  so  that  when  compacted  it  would  be  close  and 
about  C  inches  thick. 

Over  this  were  then  placed  the  long  fascines,  directly  over  and  coitc- 
fipoudiug  to  the  ones  below,  between  these  was  laid  another  compact 
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layer  of  brush  6  inches  thick  crossing  the  layer  below,  and  above  the 
shorter  horizonal  fascine  ropes  corresponding  to  the  ones  below,  the 
crossings  being  marked  by  the  stakes.  The  ropes  about  the  stipes  were 
then  used  to  bind  the  crossings  and  formed  a  compact  mattress  18  inches 
thick.  The  other  crossings,  as  in  the  bottom  grillage,  were  then  bound 
with  smaller  cord,  and  stakes  were  then  with(&awn. 

The  mattress  was  now  complete,  and  being  anchored  at  the  crest  of 
the  bank,  the  raft  was  withdrawn  from  under  it,  when  it  floated  till 
weighted  by  accumulation  of  sediment  from  the  water  or  by  ballast 
pla^d  thereon.  The  raft  was  brought  to  position  again  and  another 
mattress  construoed,  and  so  the  work  proceeded  till  the  whole  river 
bank  was  covered. 

Over  all  rubbish  and  dirt  may  be  dumped,  and  grass,  weeds,  and  brash 
be  encouraged  to  grow,  which  ought  soon  to  consolidate  it  and  put  it 
beyond  chance  of  destruction  by  the  elements. 

During  the  progress  of  our  work,  the  Mexicans  placed  a  jetty  on  their 
side  just  above  Santa  Cruz  point,  extending  well  into  the  bed  of  the  river, 
and  as  a  result  the  current  is  thrown  directiy  against  the  city  of  Browns- 
ville, where  it  threatens  to  do  great  damage  in  spite  of  the  ^orts  of  citi- 
zens who  are  endeavoring  to  hold  their  own,  by  covering  the  low  ground 
with  a  system  of  brush  fences.  The  effect  upon  our  work,  however,  is 
beneficial,  as  the  current  is  now  parallel  to  it. 

As  our  work  rests  upon  valuable  city  property,  it  is  presumed  it  will 
be  protected,  and  the  river  will  not  be  permitted  to  get  in  behind  it. 

Li  conducting  this  work  I  hiave  been  ably  seconded  by  Mr.  S.  W. 
Brooks,  the  superintendent  in  charge,  to  whose  zeal  and  energy  the 
i^peedy  execution  of  the  work  is  due.  Anticipating  the  usual  June  rise 
of  the  river,  time  became  an  essential  element. 

My  expectations  have  been  more  than  realized,  and  to  Mr.  Brooks  my 
aeknowldgments  are  made. 


J. 


Money  statement 


July  1,  1879,  amount  available $7,000  00 

July  1,  1880,  amouut  expendod  during  fiscal  year 5,704  86 

July  1,  1880,  amount  available 1, 206  14 


1*. 
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BmCOYAL  OF  BAPT  IN  BED  BITEB,  AND  CLOSINa  TONE'S  BAYOU,  LOUIS- 
IANA—DCPBOYEMENT  OF  GTPBBSS  BAYOU,  TEXAB  ;  OF  THE  MOUTH 
OF  BED  BIYEB,  AND  OF  BED  BIYEB  AND  OEBTAIN  BIYEBS  IN  MIS- 
SISSIPPI, ABKANSAS,  AND  TENNESSEE— PBESEBYATION  OF  THE  POBTS 
OF  MEMPHIS,  yiOKSBUBa,  AND  NATCHEZ — WATEB-aAUGES  ON  THE 
MISSISSIPPI  AND  ITS  PBINOIPAL  TBIBUTABIES. 


beport ofimajor  iv.  h.  h,  bentaurd,  corps  of  eng inkers,  officer 
in  charge,  for  the  fiscal  year  ending  june  30,  1880,  with 
other  documents  relating  to  the  works. 

United  States  Engineee  Office, 

Memphis^  Tenn.^  July  1, 1880. 

Genebal  :  I  have  the  honor  to  transmit  herewith  annual  reports  upon 
the  works  under  my  charge  for  the  fiscal  year  ending  June  30, 1880. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaubd, 

Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wbioht, 

Chief  of  EngineerH^  U.  S.  A. 


O  I. 

REMOVING  RAFT  IN  RED  RIVER  AND  CLOSING  TONERS  BAYOU,  LOUISIANA 

• 

The  above  works  are  very  different  in  their  nature,  and  the  localities  at 
which  operations  are  carried  on  are  widely  separated.  While  the  appro- 
priation for  the  whole  is  amply  sufficient  for  the  raft- work,  it  is  insul*- 
icent  for  that  and  the  closing  of  Toners  Bayou,  and  therefore  I  have 
never  been  able  to  carry  on  this  latter  work  to  the  best  advantage.  I 
would  respectfully  suggest  if  new  appropriations  be  made  that  these 
works  be  separated. 

1.  REMOVAL  OP  BAFT  IN  RED  RIVER,  LOUISIANA. 

Ihiring  the  low- water  season  of  1879,  the  steamer  Florence,  belonging  to 
the  above  work,  not  being  needed  therefor,  was  sent  to  Saint  Louis  for  a 
general  overhauling,  after  which  she  was  sent  into  the  Tallahatchee  and 
Ooldwater  Rivers,  Mississippi,  for  operations.  In  January  last  she  was 
sent  to  Shreveport  to  be  in  readiness  to  remove  and  break  up  every  jam 
that  might  occur  in  the  river  above. 

Only  one  jam  occurred  during  the  first  rise.  Tliis  was  broken  up 
without  difficulty,  and  uninterrupted  navigation  maintained  until  June, 

1277 


1278     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    U.    S.   ARBiT. 

-  • 

when  a  rise  from  Upper  Bed  bronglit  down  a  great  quantity  of  drift 
which  lodged  in  the  raft  region. 

The  Florence  being  employed  in  towing  the  dredglboat  to  the  month 
of  Bed  River,  I  obtained  from  the  Bed  Biver  Transportation  Ck>mpaD j 
the  use  of  the  Willard  and  Jo.  Bryarly  for  the  work  of  removing  these 
jams. 

The  following  work  was  done : 

Jam  No.  1  removed ;  it  was  about  15  miles  above  Shreveport,  and 
about  1,800  feet  long ;  Ko.  2,  about  2  miles  above  was  about  same  length: 
1^0.  3,  3  miles  above  was  about  ^  mile  long ;  Ko.  4, 2  miles  above,  a  small 
jam ;  'No.  5,  about  1  mile  above  HurricaDe  Bluft';  this  was  a  bad  jam, 
caused  entirely  by  some  timber  cribs  belonging  to  Jones  &  Co.,  of 
Shreveport.  This  drift  was  so  badly  jammed  that  several  cribs  of  logs 
were  standing  on  their  ends,  and  through  the  whole  drift  much  of  the 
timber  was  standing  10  feet  above  the  surface  of  the  water;  the  length 
of  this  jam  was  about  1^  miles,  immense  cottouwood  trees  lying  in  all 
directions.  This  was  cut  and  passed  down  in  small  lots,  but  at  Gold 
Point,  about  12  or  15  miles  below,  the  cribs  caught  again  on  some  snags 
and  formed  another  jam,  while  the  Willard  was  above  it.  At  this  time 
the  steamboat  Brandon  came  down,  and  with  her  crew  and  that  of  the 
Willard,  work  was  commenced  at  the  lower  end,  cutting  and  pulling  out 
with  block  and  tackle.  When  about  two-thirds  through,  the  Bryarly 
came  up  and  helped  the  work  of  removal. 

It  is  probable  that  a  great  portion  of  the  above-mentioned  drift  would 
have  passed  through  the  channel  without  blocking  ^the  same  up,  if  it 
had  not  been  for  the  fact  that  a  number  of  cribs  of  large  timber,  intended, 
for  Messrs.  John  B.  Jones  &  Co.,  of  Shreveport,  were  put  into  tne  river  on 
the  rise,  and  sent  off  without  any  person  to  look  after  them  and  see 
that  they  did  not  get  caught  by  snags,  &c.,  and  so  cause  a  jam.  As 
many  as  30  or  40  of  these  cribs  are  sent  oii*  at  once,  with  only  the  last 
crib,  called  a  driver,  manned  with  6  or  8  men.  The  parties  in  interest 
knew  perfectly  well  that  their  timber  must  go  through,  for  either  the  gov- 
ernment or  the  steamboat  men  in  the  interest  of  navigation  are  bound 
to  keep  the  river  open.  Attention  is  called  to  this  point,  with  a  view  of 
seeing  if  there  be  a  law  which  shall  prevent  the  obstruction  of  the 
river  in  that  manner. 

2.   CLOSING  tone's  BAYOU,  LOUISIANA. 

The  work  of  closing  Tone's  Bayou  was  commenced  in  June  last  with 
working  force  under  charge  of  Geo.  E.  Wilson,  assistant  engineer,  and 
was  continued  until  September,  at  which  time  the  dam  was  24  feet  high 
and  between  banks  250  feet  long.  The  allotment  of  the  appropriation 
was  not  sufiftcient  to  carry  it  up  to  its  whole  height. 

The  top  was  covered  by  a  heavy  layer  of  stone  to  weight  the  mattresses 
down,  and  prevent  the  heavy  drift  timber  which  goes  down  the  bayou 
on  every  flood,  from  knocking  the  top  to  pieces.  This  has  been  one 
serious  drawback  to  the  full  completion  of  the  dam.  The  amount  ap- 
propriated each  year  has  not  been  sufficient  to  carry  the  dam  com- 
pletely up  to  high-wator  mark  as  originally  intended,  consequently  every 
high-water  a  portion  of  the  top  of  the  dam  has  been  carried  away« 
This  had  to  be  rebuilt  the  following  season,  only  to  be  again  destroyed 
the  next.  In  addition  I  have  had  to  keep  a  watchman  on  the  work  oon* 
tinuously,  to  see  that  the  same  be  not  cut  and  to  prevent  some  of  the 
people  in  that  section  of  the  country  from  carrying  away  the  stone 
covering.    Eock  is  quite  a  scarcity. 
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The  low-water  dam  has  been  maintained,  and  it  has  been  a  sonrce  of 
great  assistance  to  the  navigation  of  the  river  below  Shreveport.  The 
water  reached  a  point  last  year  3J  feet  below  the  low-water  of  1878, 
which  up  to  that  time  had  been  the  lowest  ever  known.  JTotwithstand- 
ing  this,  steamboats  made  regular  trips  from  Shreveport  to  Grand  Ecore, 
a  thing  never  attempted  before  the  partial  closing  of  the  bayou. 

The  amount  of  work  done  during  the  period  above  mentioned  was  as 
follows: 

Cords  of  bruBh  iiicasiirod  in  place  (tliirt  iiichKles  1,4()G  cords  made  into  iiiat- 

treeees) 2,291 

Linear  feet  of  polcH  (net),  not  including  laps  for  Hpl icing 42, 300 

Stakes  8  feet  long 4,210 

Pins  8  inches  long,  1  inch  diameter 8,420 

Cubic  yards  clay,  pnt  in  between  layers  of  mattresses  and  bnish 3, 100 

Barrels  of  clay  for  ballast 1,033 

Cubic  yards  rock  spread  on  top  of  dam 2% 

As  the  amount  appropriated  by  act  of  June  14, 1880,  and  intended 
for  operations  at  both  points,  viz,  the  raft  and  Tone's  Bayou,  will  be  in- 
sufficient for  the  purpose  of  keeping  the  raft  open  and  at  the  same  time 
completing  the  brush  dam,  it  is  proposed  in  the  latter  case,  as  the  water 
above  the  dam  is  dead,  to  put  in  an  earthen  dam  up  to  high-water  mark 
with  wings  to  prevent  the  action  of  the  water  around  it.  The  bottom 
and  banks  of  the  bayou  are  of  such  a  nature  that  unless  a  total  closure 
be  effected  the  overflow  over  a  low-water  dam  will  ultimately  scour  out 
such  a  hole  below  as  to  completely  destroy  the  latter  structure. 

With  the  appropriation  asked  for  for  1882  it  is  intended  to  keep  the 
rail  region  cleiir  of  jams,  and  strengthen  and  keep  up  the  earthen  dike. 


COMMERCIAL  STATISTICS. 

t 


Shreveport  is  the  priiieipal  distribnting  city  for  R(?d  River,  arid  from  September  1, 
1879,  to  June  24,  1880,  received  a  total  of  93,580  bales  of  cotton,  10,360  of  which  were 
received  by  river  from  above  Slirevej)ort,  71,514  by  wagon,  and  11,706  by  rail.  Of 
this  Amount  92,444  bales  have  been  8hi]>ped,  58,886  going  by  rail  to  the  various  mar- 
kets and  33,558  by  river.  In  addition  to  this,  15,3/8  bales  of  through  cotton  wore 
received  and  forwarded,  11,288  by  rail  and  4,090  by  steamboat. 

The  number  of  landings  made  at  Shreveport  by  steamboat  during  this  time  is  189, 
-viz:  from  above  the  raft,  51;  from  the  lower  coast,  63;  from  Jetferson,  Tex.,  3,  and  from 
New  Orleans,  72.  The  New  Orleans  boats  will  carry  on  an  average  1,200  tons  each,  and 
the  others  about  600  tons  each. 

The  value  of  imports  durkig  the  same  time  amounts  to  $12,679,000. 

The  above  works  are  situated  in  the  third  collection  district  of  Louisiana.  The 
nearest  port  of  entry  is  New  Orleans. 

The  original  detailed  estimate  for  the  removal  of  the  raft  (see  mj 
report  for  fiscal  year  ending  June  30,  1876,  also  previous  reports  of 
Captain  Howell)  was  $259,014,  with  additional  items  tor  keeping  open 
the  channel  for  fiscal  year,  $50,000 ;  and  for  subsequent  years  it  was. 
estimated  that  from  $10,000  to  $25,000  would  be  required. 

The  former  appropriations  ai*e  as  follows : 

By  act  approve<lJune  10,  1072 ^150, 000 

By  act  approved  March  3, 1873 80,00# 

By  act  approved  June  23,  1874 50,000 

1^  act  approved  March  3,  1875 20.000 

B^  act  approved  August  14, 1866,  for  removing  raft  and  closing  Toners  Bayou .  35, 000 

By  i^otment  August  27,  1877^  for  closing  Tones  Bayou 4, 500 

By  act  approved  February  7,  1878,  for  removing  raft 6, 000 

By  act  approved  June  18, 1878,  for  removing  raft  and  closing  Tone's  Bayou..  24, 000 

By  act  approved  March  3,  1879,  for  removing  raft  and  closing  Tone's  Bayou.  15, 000 

By  act  approved  June  14,  1880,  for  removing  raft  and  closing  Tone's  Bayou.  25, 000 


1280  REPORT  OF  TEE  CHIEF  OF  ENGINEERS,  U.  S.  ARMY. 

Money  aintemenU 

July  1,  1879,  amount  available $13,407  61 

Amount  appropriated  by  act  approved  June  14,  1880 25, 000  00 

$38,407  61 

July  1,  1880,  amount  expended  during  fiscal  year 11,772  86- 

July  1,  1880,  amount  available — 26,634  76 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882: 

For  closing  Toners  Bayou $20,000  00 

For  removing  raft  in  Red  River 10, 000  00 

30,000  00 


O   2. 

IMPROVEMENT  OF  CYPRESS  BAYOU,  TEXAS  AND  LOUISIANA. 

In  August  last  a  working  party  was  organized,  and  George  Alban,  an 
experienced  pilot,  placed  in  charge.  The  party  continued  at  work  until 
the  end  of  September,  working  from  Bois  d'Arc  Pass  through  the  lakes 
to  Gross  Bayou.  They  cut  and  removed  from  the  channel  2,102  stumi>8 
and  snags,  326  overhanging  trees  were  cut  down  and  removed,  and  66 
posts  put  up  with  painted  sign-boards  securely  nailed  to  them  to  desig- 
nate the  route  across  the  lakes.  This  finished  the  first  project  to  im- 
prove the  high-water  channel. 

Up  to  last  year  seven  important  cut-offs  have  been  made,  viz:  1.  Po- 
tato Bend ;  2,  Little  Cypress ;  3,  Middle  Cypress :  4,  Sisco  Island ;  5, 
Upper  Benton ;  6,  Lower  Benton  ]  7,  Bois  d'Atc  Pass.  These  cut-ofb 
and  cut-roads  across  the  lakes  have  reduced  the  distance  from  Shreve- 
port  to  Jefferson  from  9G  to  65  miles.    For  this  work  the  government  ap- 

Sropriatod  t94,000,  a  small  balance  of  which  still  remains,  also  a  dredge- 
oat,  the  Lone  Star,  constructed  for  the  work,  valued  at  $20,000.  G^e 
dredgeboat  is  now  engaged  at  the  mouth  of  Bed  Eiver  to  keep  the  chan- 
nel open  during  low- water. 

Had  the  condition  of  commerce  and  navigation  remained  the  same  as 
in  1870  the  work  done  would  have  been  very  valuable,  for  at  that  time 
Jefferson,  and  for  300  miles  around,  was  entirely  dependent  upon  navi- 
gation for  obtaining  their  supplies  and  shipping  their  produce  to  market, 
New  Orleans  being  the  principal  market  city.  Navigation  across  the 
lakes  was  open  from  six  to  nine  months  in  the  year,  but  the  channel  was 
difficult  and  dangerous,  and,  in  order  to  improve  their  only  transi>orta- 
tion  route,  Jefferson  expended  over  $70,000.  When  navigation  was 
open  flour  could  be  obtained  in  the  city  from  $10  to  $12  per  barrel ; 
when  closed  it  sometimes  i*ose  as  high  as  $25,  and  other  produce  in  pro- 
portion. 

.  Since  the  commencement  of  the  work  of  improving  the  bayou,  Bed 
Eiver  Baft  has  been  removed,  adding  over  500  miles  of  navigable  water 
to  the  river,  but  this  has  been  gained  by  injuring  the  water  ronto  to 
Jefferson,  tor  navigation  across  the  lakes  and  through  Cypress  Bayou 
depends  entirely  upon  the  backwater  from  Red  River  ninning  through 
the  numerous  bayous  into  the  lakes.  This  water  was  forced  through  by 
the  ratt,  but  since  its  removal  the  water  runs  swiftly  off.  The  channel 
in  Red  River  is  gradually  scouring  deeper,  and  the  bayous  into  the  lakes 
filling  up ;  this  has  already  greatly  reduced  the  navigable  season,  and 
in  a  tew  years  it  may  be  entirely  suspended. 

This  would  have  been  a  serious  check  to  the  prosperity  of  Eastern 
Texas  in  1870,  which  had  to  depend  upon  the  steamboats  to  ship  its 
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produce  and  obtain  its  supplies,  but  since  that  date  Saint  Louis  has 
•constructed  a  railroad  running  through  Jefferson,  and  now  over  three- 
fourths  of  the  business  is  done  by  rail  to  Saint  Louis. 

To  show  how  business  has  been  changed  by  the  Saint  Louis  Railroad, 
I  give  cotton  statistics  of  Saint  Louis  for  the  last  ten  years : 


Years.  '   Cotton,  i!  Years.  I  Cotton. 


BaUi.     !  ,    Bales. 


lMft-'70 ,       18,518  ;    1875-76 !      245,  20© 

1870-71 20,270  :l  1876-77 1 

1871-72 i      36,421  ll  1877-78 1      266,314 

1872-73 59,700  .'  187&-79 |      331,000 

1873-74 1     103,741  l|  187»-'80 470,000 

1874-75 ;  133,966,;                                                                       I 


Before  the  Saint  Louis  Railroad  wa«  constructed  the  principal  part 
of  this  cotton  was  shipi>ed  by  steamboat  down  Cypress  Bayou,  Red, 
Ouachita,  and  Arkansas  rivers  to  New  Orleans. 

New  Orleans,  in  order  to  regain  a  portion  of  the  trade  lost,  is  now  con- 
structiDg  a  railroad  into  Eastern  Texas,  so  that  with  two  comi)eting 
railroads  the  navigation  across  the  lakes  to  Jefferson  can  never  have 
ttkBit  importance  it  had  in  1870,  although  it  will  still  remain  valuable  in 
^UBsistiug  to  develop  the  resources  of  the  country. 

Should  any  further  work  be  done  for  the  improvement  of  navigation 
it  would  require  to  be  by  extensive  works  such  as  recommended  by 
Miyor  Howell,  this  project  being  to  construct  a  dam  across  the  lake  at 
Albanv  Point  and  make  a  cut  through  to  Red  Eiver,  the  estimated  cost 
being  $372,580. 

This  would  give  Jefferson  navigable  water  nearly  all  the  year  round, 
4ind  would  greatly  benefit  Red  River  above  and  below  Shreveport.  By 
placing  a  dam  across  the  lakes  they  would  act  as  large  reservoirs,  draw- 
ing and  retaining  the  water  at  a  high  stage,  thus  greatly  relieving  the 
tew  lands  below  Shreveport  from  overflow  and  by  running  slowly  oft' 
tiirough  the  cut  road  retain  the  river  at  a  medium  stage  much  longer 
than  at  present. 

Should  the  work  once  be  begun  it  would  have  to  be  pushed  vigor- 
oosly  forward,  for  the  dam  could  not  be  constructed  before  the  outlet 
was  made  into  Red  River,  and  in  making  the  cut  road  the  material  re- 
moved would  be  required  for  the  construction  of  the  dam. 

If  the  work  be  begun  the  amount  of  money  required  should  be  made 
available  in  one  appropriation  for  the  successful  execution  of  the  work. 

The  former  appropriations  are  as  follows : 

By  act  approved  Juno  10,  1872 flO,000 

By  aet  approved  March  :i,  1673 50,000 

By  act  approved  August  14,  ld76 13,000 

By  act  approved  Juno  18, 187 j^i 15,000 

By  act  approved  March  3.  1879 6.000 

COMMERCIAL  8TATIBTICS  FOU  TUB  CITY  OF  JKFFBRSON  FOR  TOR  YEAR  ENDING  JUNE 

30,1880. 

Me  of  grocories |1, 315, 000 

Sale  of  dry  goods 1,261,000 

Bale  of  clothing 166,000 

Me  of  dmes,  medicines,  4&0 271,000 

Sale  of  hardware,  farming  utensils,  &o 417,003 

Amount  of  banking  capital 200,003 

Nnmbor  of  cotton  bales  received,  69,317 ;  population,  3,400. 

81  E 
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For  collection  district  and  port  of  entry  see  report  on  removal  of  raft 
in  Red  River  and  closing  Tone's  Bayou,  Louisiana. 

Money  statement 

July  1, 1879,  amount  available $7, 173  71 

July  1,  1880,  amount  expended  during  fiscal  year 2, 824  67 

July  1, 1880,  amount  available 4, 349  04 


O  3. 

IMPROVEMENT  OF  MOUTH  OF  RED  RIVER,  LOUISIANA— TEMPORARY  IM- 
PROVEMENT. 

In  order  to  keep  open  a  channel  through  the  outer  and  inner  bars  dur- 
ing the  season  of  low-wat^r,  the  United  States  dredgeboat  Lone  Star, 
which  had  been  used  in  the  improvement  of  Cypress  Bayou,  was  towed 
from  Jetterson,  Tex.,  to  the  mouth  of  Red  River,  Louisiana,  by  the 
steamer  T.  B.  Florence,  arriving  there  June  20, 1879.  So  soon  as  the 
water  fell  to  a  suitable  depth  dredging  through  the  bars  commenced,  and 
continued  from  July  3  to  November  28,  when  the  Mississippi  River  com- 
menced rising,  giving  a  good  navigable  channel,  and  operations  were 
suspended. 

During  the  time  the  dredgeboat  was  at  work  the  amount  excavated 
through  the  bars  was  as  follows : 

Cubic  yards. 

August 15,646 

September 14,410 

October 16,238 

November 11,509 

Total 57,803 

The  low-water  season  of  last  year  was  the  lowest  on  record,  with  the 
exception  of  1872.  Considerable  difficulty  was  met  with  on  the  work, 
but  every  exertion  was  made  to  keep  this  important  channel  open.  Haa 
the  dredgeboat  been  supplied  with  self-propelling  machinery,  no  diffi- 
culty would  have  been  experienced  in  keeping  the  channel  open.  The 
distance  from  the  outer  bar  to  the  inner  obstruction  at  the  gut  was^  how- 
ever, too  great  for  the  dredge  to  be  moved  quickly  from  one  position  to 
the  other  as  the  places  filled  up. 

In  January,  1880,  the  dredge  was  taken  to  Shreveport,  and  returned 
to  the  mouth  of  the  river  in  June. 

So  soon  as  the  wat^r  falls  sufficiently  to  admit  of  operations,  2  tugs 
and  a  steamer  will  be  employed  in  keeping  the  channel  open.  ..^^ 
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All  the  cotton  .and  freight  transported  to  and  from  New  OrieanR,  as  showii  by  the 
reports  for  removing  raft  in  Red  River,  inij>roving  Ouachita  River,  ArkausaA  andlkm- 
isiana,  and  removing  ohntructions  from  Red  River,  Louisiana,  ]iat»He4  out  tluough  the 
moutli  of  Red  River.  A  large  amount  of  sugar,  molasses,  cattle,  &c..  was  also  brought 
out  hy  the  OpelouRos  and  Atchafalaya  boats,  to  which  should  be  anded  a  proportion- 
ate amount  of  return  freight. 

The  trade  of  the  Rtni  River  and  its  tributaries  with  New  Orleans,  passing  through 
the  mouth  of  Red  River,  is  estimated  at  ^0,000,000. 

The  port  of  entry  is  New  Orleans. 
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Entrances  and  clearancen  at  port  of  Kew  Orleans^  La.,  from  July  1, 1879,  to  Jnne  HO,  Ifi^O, 

and  tonnage  of  same. 


I 


St^am  Te«H8<^l9  eiite r«*»l 4r.l  ;  795, 4.'>0 

Sailing;  vpa(»el8  c-nti  red 725  j         402,  S»79 


Total ■     1,176        1,198,429 


8t<-am  veflftcle  c1eAr«Hl  !        r)75  '         819,915 

Sailing  vctwels  cloaml I        722  1  :<97.  45C 

Total 1    1,297  I      1,217,371 

STATEMENT  OF  COMMODITIES  IMPORTED  AND  EXPORTED,  PORT  OF  NEW  ORLEANS 

FROM  Jl'I.Y  1,  1879,  TO  JUNE  30,  16^M.». 

ImiK)rt8 : 

Specie $230,901  00 

Rree  commmlities 4,625,590  00 

Dutiable 5,723,419  00 


Totalimpoi-ts - 10,579,910  00 


Exports : 

Domestic  comnio<liti»'« 9, 2.'i8, 757  00 

FoTCign 170,443  00 

Total  exports 9,415,200  00 


Total  amount  collected  on  imports  from  July  1,  1379,  to  June  30, 1880,  |2,080,598.57. 

The  former  appropriations  are  as  follows : 

By  act  approved  June  in,  1^78 |»50,000 

By  act  approved  Marcli  3,  l';^9 40,000 

Maney  statement. 

July  1,  1879,  amount  available $173,725  94 

July  1,  1880,  amount  expended  <luring  fiscal  year 12, 845  94 

Jnlyl,  1880,  amount  available 100,880  00 


letter  of  the  secretary  of  war. 

War  Department, 
Washington  City,  May  3,  1880. 

The  Secretary  of  \yar  has  the  honor  to  transmit  to  the  United  States 
Senate,  in  conne«^tion  with  his  letter  of  the  18tli  ultimo,  forwarding  re- 
port of  Maj.  W.  n.  II.  Benyaurd,  Coips  of  Engineers,  upon  a  survey 
ftnd  proposed  improvement  of  the  mouth  of  Jied  liiver,  Louisiana  (printed 
in  Ex.  Doc.  126,  Senate,  Forty-sixth  Congress,  second  session,  copy  here- 
with), a  communication  from  the  Chief  of  Engineers,  dated  the  28th 
nltimo,  submitting  a  coi)y  of  report  of  the  I>oar<l  of  Engineers  for  Forti- 
flcations  and  for  IJiver  and  Harbor  Imi)rovements,  to  whom  Major  Ben- 
ymird's  letter  was  referred,  in  further  elucidation  of  the  subject. 

The  suggestion  of  tlie  Chief  of  Engineers,  that  the  unexpended  bal- 
ances of  the  api)roi)iiat  ions  of  June  IS,  1878,  and  March  3,  1879,  amount- 
ing to  about  $155,000,  be  a]»])licd  to  the  improvement  of  the  mouth  of 
Bed  River,  in  dredging,  &<•.,  has  been  a])proved  by  this  department. 

Alex.  Ramsey, 
iSccrctary  of  War. 

The  Presii>ent  of  the  United  Staten  Senate. 
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LETTER  OP  THE  CHIEF  OP  ENGINEERS. 

Opfice  op  THE  Chief  of  Engineers, 

United  States  Army, 
~       Washington  D.  C,  April  28,  1880. 

Sir  :  Referring  to  my  letter  of  March  17, 1880,  siibmittlDg  the  rei>ort 
of  Maj.  W.  II.  H.  BeDyaurd,  Cori)s  of  Engineers,  upon  a  survey  and 
proposed  improvement  of  the  mouth  of  Red  River,  Louisiana  (printed 
as  Ex.  Doc.  126,  Senate,  Forty-sixth  Congress,  second  session,  copy  here- 
with), it  will  be  seen  that  the  plan  recommended  by  that  officer  for  per- 
manent imjirovement  was — 

To  close  the  month  of  Old  River,  between  the  Atchafulaya  and  the  Mississippi,  and 
by  locks  on  the  Plaqueniine,  to  make  that  the  route  to  Red  River,  via  Grand  River 
asid  the  Atehafalaya,  leaving  the  mouth  of  Red  River  out  of  the  proposed  improve- 
ment, except  the  work  of  building  a  dam  across  Old  River. 

It  was,  as  may  also  be  seen,  then  stated  that — 

The  whole  subject  of  the  feasibility  of  this  route  and  of  its  sufficiency  and  adapta- 
bility as  a  permanent  channel  of  communication  between  the  Mississippi  and  Ke^ 
rivers  wiU  be  referred  to  a  Board  of  Engineer  Officers  for  opinion  thereon  before  de- 
riding upon  the  further  application  of  the  appropriations  of  June  18,  IcJTS,  and  March 
3,  1879,  of  which  there  remains  an  unexpended  balance  at  this  timeof  aboat  $155,000. 

1  have  the  honor  accordingly  now  to  submit  the  inclosed  copy  of  the 
report  of  the  Board  of  Engineers  for  Fortifications  and  for  River  and  Har- 
bor Improvements,  &c.,  to  whom  Major  Benyaurd's  report  was  referred, 
and  to  respectfully  suggest  that  it  be  submitted  to  Congress  in  further 
elucidation  of  the  subject  in  hand. 

The  Board,  as  will  be  perceived,  does  not  recommend  Major  Ben- 
yaurd's  plan,  for  reasons  which,  in  my  judgment,  are  satisfactory,  and  iu 
which  I  concur.  I  beg,  therefore,  to  suggest  that  the  fands  now  availa- 
ble be  applied  to  the  improvement  of  the  mouth  of  Red  River  by  dredg- 
ing, and  to  the  measurements,  &c.,  recommended  by  the  Board  of  Engi- 
neers. 

Very  respectfully,  your  obedient  servant, 

H.  G.  WEiaHT, 
Chief  of  Engineers  J 
Brig,  and  Bvt  Maj.  Oen. 
Uoii.  Alexander  Ramsey, 

Secretary  of  War, 
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Office  of  Board  of  Engineers  for  Fortifications 

AND  FOR  River  and  Harbor  Improvements,  &c., 

iTczc  YorJcj  April  20,  1880. 
General  :  "By  your  letter  of  March  17, 1880^  the  subject  of  the  im- 
provement of  the  mouth  of  the  Red  River,  Louisiana,  appropriations  for 
which  were  made  by  acts  of  Congress  approved  June  18, 1878,  and  March 
3,  1879,  was  referred  to  this  Board  for  an  expression  of  opinion  thereon. 
Accompanying  the  letter  was  the  report  of  the  engineer  in  charge  of  the 
work,  Maj.  W.  H.  H.  Benyaurd,  Corps  of  Engineers,  dated  February  12, 
1880. 

Prior  to  the  date  of  the  first  of  these  appropriations  no  special  action 
had  been  taken  by  the  United  States  Government  in  this  matter^  but  it 
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i  long  fingng«(l  tlie  attention  of  the  Board  of  SUto  Engineers  of  Ixiuisi- 
ATia.  It  haa  been  noticed,  and  occasionally  discuitsed,  in  the  annnni 
reports  of  that  body,  and  considerable  snm»  have  been  expended  by  the 
State  in  works  designed  to  improve  the  navigation  in  Ohl  River,  where 
the  principal  difficulty  is  encountered. 

Major  Benyaurd's  report  so  well  explains  the  topographical  features 
of  the  locality,  and  so  clearly  states  the  results  of  his  own  surveys,  con- 
ducted to  tlirow  light  ui>on  the  complicated  hydraulic  conditions  affect- 
ing: the  problem,  that  no  recapitnlation  is  required.  Some  atlditional 
facts  drawn  from  other  sources,  and  certain  collateral  questions  not  dis- 
cassed  by  him,  merit  attention  before  proceeding  to  consider  hts  plans 
of  improvement. 

Adopting  the  mean  level  of  the  Gulf  of  Mexico  as  the  plane  of  refer- 
ence, the  elevation  of  the  high-water  surface  of  the  Mississippi  at  Ke<i 
River  Landing  is  49.5  feet,  and  of  tiie  low-water  surface  only  5.2  feet. 
At  Plaquemine  these  quantities  are  30,6  feet  and  1.9  feet,  respectively; 
and  at  Indian  Village,  only  8.5  miles  below,  on  Bayou  I'laquemine,  they 
were  l(t.4  feet,  and  about  1.5  feet  before  its  closure  in  1865.  At  Butte  la. 
Rose,  where  the  Atcbafalaya  changes  its  name  to  Grand  River,  they  are 
8.?«  feet  and  2.2  feet.  At  the  mouth  of  Black  River,  30  miles  above  the 
pr<»i>er  mouth,  of  Red  River,  they  are  about  5-1  feet  and  9  feet.  At  the 
upper  mouth  of  the  Atchafataya,  6.5  miles  from  Red  River  Landing,  the 
high  and  low  water  level  is  somewhat  variable  in  diQerent  years,  even 
wtieri  the  total  volume  passing  southward  is  the  same,  being  dependent 
upon  the  relative  conditions  of  the  Mitasissippi  and  Red  rivers;  but  the 
average  values  differ  but  bttlefirom  those  at  Red  River  Landing,  say  49 
feet  and  5  feet. 

Speaking  generally,  these  figures  indicate  that  when  the  Mississippi 
is  at  its  lowest  stage  the  level  of  the  Gulf  practically  extends  to  the 
month  proper  of  Red  River,  and  that  when  it  rises  to  its  flood  stage,  50 
.  fleet  above  this  plane  at  Red  River  Landing,  a  vast  swamp  basin,  ex- 

■diog  southward  from  Butte,  la  Rose  and  connecting  with  the  Gulf, 

ists  on  its  right  bank  and  at  the  nearest  point  at  no  great  distance 
_ ,.  jmitB  ehannel ;  also,  that  this  basiu  is  so  well  drained  by  the  net- work 
"  of  bayous  leading  to  Grand  Lake,  and  thence  through  Berwick's  Bay  to 
the  Gulf,  that  the  water  never  rises  upon  an  average  more  than  6  or  8 
feet^  even  when  the  Atcbafalaya  is  iu  full  flood,  and  when  the  imnienae 
Miesittsippi  crevasses,  which  always  occur  at  such  seasons,  are  discharg- 
ing large  volumes  of  watej  into  this  region,  already  filled  by  local  rains. 
The  Ateba^laya  and  La  Fourche  at  present,  and  the  Pla^juemine  before 
its  closure  in  18C5  as  well,  are,  therefore,  to  be  regarded  as  waste-weirs, 
which  carry  off  a  part  of  the  surplus  flood  volume  of  the  Mississippi,  and 
thus  tend  to  protect  the  whole  region  bordering  that  river  for  a  distance 
of  .300  miles  above  the  passes.  These  facts  render  it  clear  that  before 
any  project  contemplating  the  closure  of  the  Atcbafalaya,  as  an  outlet  of 
the  Mississippi  can  be  even  entertained  a  close  study  of  its  hydraulic 
f^inctiiins  must  be  ma^le. 

Perhaps  the  earliest  map  extant  showing  the  efflux  of  the  Atcbafalaya 
is  that  made  in  157ft  by  the  monk  Ptolemy,  a  member  ot  De  Soto's  ex- 
pedition. Then,  as  now,  the  stream  served  as  a  waste-weir  of  the  Mis- 
Hissippt,  and  succeeding  mai)8  show  that  wo  material  change  occurred 
before  l.S31,when  8hreve  mnde  his  cut-oft',  which  entailed  the  difficulties 
pow  BO  serious.    The  fact  that  its  lower  conrse  was  choked  more  or  K-ss 

rgs  until  l8;i9-*40,  when  they  were  removed  by  the  State,  has 
mt  hearing  ujioii  its  value  as  an  outlet,  because  the  flood-water 
m  the  channel  proper  ti'eely  ontward  through  8wami>drains 


k .  fleet  al 
b|tedio 
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aiul  over  the  baukis,  and  thus  reached  the  great  basin  level  without 
st^riously  checking  the  current  entering  at  the  upper  mouth.  The  di- 
iueu(«iou8  of  this  mouth  seem  to  be  gradually  enlarging,  both  by  widen- 
ing and  deepening.  Thus  the  ettective  high-water  area  of  cross-section 
at  this  iK)int  in  1851  wa.s  24,(K)0  square  feet,  with  a  width  of  730  feet;  in 
IS59,  2tMH)0  square  feet,  with  a  width  of  S^  feet;  and  by  Major  Ben- 
ytuml's  survey  it  now  (1^79)  appears  to  be  about  45,000  square  f(Bet,  with 
H  width  of  940  feet.  The  l>ed  in  this  vicinity  is  of  hard  clay,  which 
doubtless  explains  the  reason  why  the  change  is  so  gradual,  for  the  cur- 
rent is  strong  at  the  flood-stage — about  4  feet  per  second. 

During  the  flood  of  1858  the  volume  which  entered  the  Atchafalaya 
was  about  120,000  cubic  feet  per  second,  and  at  the  same  level  it  would 
now  probably  be  not  less  than  180,000  cubic  feet.  The  maximum  dis- 
charge which  has  ever  passed  Ked  River  Landing  in  the  channel  of  the 
Mississippi  (inundating  the  lower  country  by  disastrous  crevasses)  is 
about  1,250,000  cubic  feet  per  second,  and  the  commission  of  engintors 
appointed  in  1874  to  investigate  and  report  a  plan  for  the  reclamation 
of  the  alluvial  region  reported  that  provision  must  be  made  for  about 
1,400,000  cubic  feet  when  the  levees  above  are  perfected. 

In  the  great  flood  of  1851  Red  River  discharged  220,000  cubic  feet  per 
second  when  standing  at  Alexandria  1.1  foot  below  the  iughest  point 
attained  in  1849.  These  facts  and  figures  should  be  borne  in  mind  when 
considering  Major  Benyaurd's  projects  for  the  improvement  of  low-water 
navigation,  for,  although  the  latter  object  is  of  great  importance,  it  is 
entirely  secondary  to  the  safety  of  the  lower  country  against  inundation. 

Three  flood  combinations  may  occur  at  the  mouth  of  Red  River  to  en- 
danger the  lower  country.  (1.)  The  Mississippi  may  be  at  a  dangerous 
lieight  when  Red  River  is  low.  (2.)  Red  Red  may  be  very  high  when 
the  Mississippi  is  bank  full.  (3.)  Both  rivers  may  have  a  coincidence  in 
great  floods. 

Fortunately  the  first  combination  is  most  common,  and  in  that  case 
the  Atchafalaya  now  performs  the  duty  of  an  efficient  outlet,  and  to  that 
extent  relieves  the  lower  country.  In  the  second  case  the  Atchafolaya 
carries  its  full  volume  of  Red  River  water,  and  any  excess  discharges 
into  the  Mississippi  and  passes  off  without  seriously  endangering  either 
the  Atchafalaya  Valley  or  the  plantations  on  the  Mississippi.  In  the 
third  case  the  volume  to  be  earned  off  exceeds  the  discharging  capacity 
of  both  channels,  but  nature  divides  the  overflow  between  the  Atcha- 
falaya and  Mississippi  in  an  equitable  manner,  which  leaves  no  just 
ground  of  complaint  between  the  respective  proprietors  of  the  land  sub- 
merged. 

Major  Benyaurd's  first  plan  is  to  separate  the  Red  River  and  Atcha- 
falaya by  a  low-water  dam,  thus  forcing  the  former  to  flow  into  the 
Mississippi  through  Upper  Old  River  and  a  cut  to  be  artificially  prepared. 
This  would  not  aftect  the  first  flood  combination,  but  neither  the  second  nor 
the  third  would  be  as  favorable  as  at  ]>resent,  because  the  increased  dis- 
charge might  interfere  with  the  local  slope  of  the  surface  of  the  Mississippi 
at  Red  River  Landing,  and  thus  might  raise  the  level  anomalously  from  1 
to  2  feet,  as  actually  occurred  in  1851  (see  Physics  and  Hydraulics  of  the 
J^Iississippi,  p.  385).  There  are  other  objectionable  features  in  this  plan. 
The  fall  between  the  mouth  of  Black  River  and  that  of  Red  River  proper 
in  both  flood  and  low- water  stages  is  4  feet  in  30  miles,  or  at  a  rate  of 
0.14  foot  per  mile.  By  adding  the  5.5  miles  to  the  length  of  the  stream. 
contemplated  by  this  plan,  the  flood  surface  of  Red  River  must  be  raised 
and  the  low-waW  slope  sensibly  diminished.  The  latter  would  aggra- 
vate the  tendency  to  form  troublesome  bars  in  the  new  mouth,  which 
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[brmerly  exi^ttsd  in  tlie  oM  mouth  proper.  This  plan  bas  lieon  liivoreii 
by  the  liuanl  of  State  Kngiueers  of  LoiiiftUiia,  but,  iu  view  of  its  iiii- 
eertain  efficacy  aiul  certain  defects,  we  agree  with  Major  Bouyaui'd  in 
not  recoujmeniliiig  it. 

Another  plau  submitted  by  Major  Benyautd,  and.  iudeed,  ivcDin- 
meuded  by  bim  for  adoptiou,  cousiftts  iii  closing  both  inouthH  of  Old 
Biver,  tbiLH  i)erinaiieutly  separatiug  the  Mississippi  &om  Bed  Uiver  and 
the  Atcliafalaya,  which  are  hereafter  to  constitute  a  aiugle  Htreain.  Sav- 
lotion  between  the  Red  River  country  and  New  Orleans  is  to  bo  secured 
at  all  stages  by  the  canalization  of  old  Bayou  Plaquemiue,  tbu.'f  opeiiiug 
a  new  roat«  throiigb  Grand  and  Atchafalaya  rivers. 

When  this  project  is  brought  to  the  test  afl'orded  by  the  possible  tliMtd 
eombinations  of  the  three  rivers,  it  is  at  once  seen  to  be  inatlminsible. 
In  tJie  first  and  most  common  case,  the  Atchafalaya  might  be  at  a  low- 
water  stage  while  the  MiBsissippi  plantations  were  suffering  ruin  from 
erevasse  water  that  would  now  escape  by  the  channel  of  the  formt-r  with- 
oot  iiyiuy  to  any  one.  In  the  second  ease,  the  Atchafalaya  country 
might  be  inundated  by  a  Red  River  flood,  the  surjjius  water  of  which 
would  now  pass  down  the  Mississippi  without  damage.  In  the  third  eajic, 
claims  for  damages  might  justly  be  brought  by  the  laud  propriet^iis  who 
bad  suffered  in  consequence  of  the  arbitrary  partition  of  the  surplus 
volume.  In  the  Judgment  of  the  Board  this  plan,  or  any  other  which 
tooks  to  the  closing  of  the  Atchafalaya  as  a  high-water  outlet,  should 

Kver  be  entertained, 

t  A  modification  of  this  plan,  suggested  by  Major  Beuyaurd.  is  free 

'  yaa  this  objectionable  featnre.  Matters  are  to  be  left  to  nature  where 
Q  three  rivers  come  together;  but  the  Plaquemiue  canal  is  to  be  con- 
motcd  for  use  at  low  stages,  when  the  open  mouth  of  Old  River  be- 

Ktmes  unuavigable.     At  high-water  stages  the  present  route  is  to  be 

This  plan  merits  careful  study.  Assuming  that  at  low  stages  the 
Atchafalaya  now  affords  in  the  lower  part  of  its  course  as  gowl  naviga- 
tion as  Red  River — a  point  not  discussed  by  Major  Benyaurd,  and  con- 
oeniing  which  the  Board  has  only  the  information  containe^l  in  the 
report  of  Major  Howell,  Corps  of  Engineers,  forming  Appendis  R  14 
to  the  Report  of  the  Chief  of  Engineers,  for  the  year  en<Ung  June  30, 
1871 — his  surveys  show  a  water-route  to  connect  it  with  the  Plaquemine, 
which  couhl  be  made  good  at  a  moderate  outlay.  Indeed  the  only  difli- 
enlt  features  of  the  project  are  the  construction  of  the  locks  at  Pla^ 
qaemine  to  withstand  the  considerable  oscillation  of  the  Mississippi  {at 
len«t  30  feet  should  be  provided  for)  and  the  protection  of  Plaquemine 
bend  a,gainst  caving,  which  now  appears  to  be  serious.  In  this  connec- 
tion the  following  trout  the  report  of  the  Boanl  of  State  Engineers  of 
Loui^ana  for  1876,  is  quoted: 

It  may  be  *el!  to  stalp  bem  that  a  moat  damaging  cave  tonk  place  in  (1ib  town  of 
Ptiuioeii'iiiie  na  the 'I'M  ol'tbia  mouth.  The  care  occuiTeil  in  the  orening,  aiul  uoiried 
■way  alxint  12  buildings,  I'l-uces,  &c.,  and  a  &unt  thruush  the  iniuii  tmrtiua  uf  Iba 
t«WD  of  about  1,400  fe«(,  aud  iu  horizontal  depth  about  140  feet.  We  Iiuvk  located  ft 
l«vee  bohiud  thitt  cnve  and  aloug  Bank  atreet,  aud  were  obliged  to  throw  uiil  about  50 
bnildingH  in  orcter  to  aninc  any  penuanenoy  tn  the  levee. 

Major  Benyaurd's  estimate  of  the  cost  for  this  plan  is  $45t,2f>4.66, 
which  is  thought  by  this  Board  t«  be  much  below  what  the  iictual  con- 
struction would  involve. 

I  pother  project  presented  by  Major  Benyaurd  is  to  leave  the  water- 
Mtses  as  they  iii*  at  present,  and  to  tlei>end  upon  local  dredging  to 
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mated  cost  for  a  single  season  of  working  the  two  dredges  needed  i» 
only  from  $10,000  to  $15,000. 

The  gradual  increase  in  cross-section  of  the  efflux  of  the  Atehafalaya 
suggests  a  tendency  to  an  increased  flow  through  this  channel  at  low- 
water  stages,  which  may  naturally  improve  the  depth  in  Old  River,  and 
thus  modify  the  conditions  of  the  problem  as  now  presented.  Experi- 
ments heretofore  made  in  this  vicinity  in  the  interests  of  navigaticm 
(Shreve's  Cut-off  in  1831,  and  Raccourci  Out-off  in  1848)  have  resulted 
disastrously,  and  indeed  the  hydraulic  conditions  are  so  complex  that  it 
is  not  easy  to  predict  in  advance  what  will  be  the  permanent  effect  of 
any  artificial  work. 

For  these  reasons  the  Board  recommend  that  the  ftinds  now  available 
be  expended  in  dredging  according  to  Major  Benyaurd's  project ;  and 
that  careful  measurements  be  made,  and  frequently  repeated,  for  about  S- 
niiles  down  the  efflux  of  the  Atehafalaya  and  in  Lower  Old  River.  The 
plan  should  be  tried  with  a  competent  force  and  sufficient  yearly  expend- 
iture to  make  a  thorough  and  conclusive  test.  Information  will  thus  be 
secured  which  will  affonl  hereafter  better  grounds  for  deciding  upon  tbe 
necessity  of  more  costly  plans  of  operations  than  any  now  available. 

Respectfully  submitted. 

Z.  B.  TOWEB, 

Colonel  of  Ungineers^  Brevet  Major- Oeneral. 

John  Newton, 
Colonel  of  Engineers^  Brevet  Major- Oenerml. 

Henry  L.  Abbot, 
Major  of  Engineer Sj  Brevet  Brigadier-OeneroL 

Brig.  Gen.  H.  G.  Wrioht, 

Chief  of  Engineers^  U.  8.  A. 


report  of  major  W.  H.  H.  BENYAURD,  corps  of  ENGINEBB8. 

United  States  Engineer  Office^ 

MemphiSy  Tenn.,  Fdyruary  12^  1880. 

Ci^ENKRAL  *.  I  have  the  honor  to  present  the  following  repoFt  upon  the* 
improvement  of  the  mouth  of  Bed  Biver,  Louisiana,  appropriatiOBft  JMr 
which  were  made  by  acts  of  Congress  approved  June  18^  1878,  ani. 
March  3,  1879. 

Up  to  the  time  of  the  first  appropriation  no  survey  of  the  locality  iMut 
ever  been  undertaken  by  the  department,  or  by  the  direction  of  GongreM^ 
looking  to  the  assumption  by  the  government  of  the  work  of  improve- 
ment heretofore  carried  on  by  the  State  of  Louisiana,  and  the  estimatis 
then  presented  were  based  upon  the  reports  and  plans  made  under  tiie 
direction  of  the  Board  of  State  Engineers.  This  body  had  had  the  mat- 
ter under  consideration  for  many  years,  and  whil^  numerous  plans  wl 
estimates  had  been  presented,  no  work  except  of  a  minor  character  had 
ever  been  attempted.  In  1874,  E.  H.  Angemar,  assistant  State  engi- 
neer, presented  to  the  State  Board  a  plan  (though  without  estimates^ 
which  wa«  approved  ^'as  by  far  the  cheapest  and  simplest  plan,"  and  it 
was  upon  this  that  the  estimates  presented  to  Congress  were  based.  The 
plan  seemed  perfectly  feasible  and  practicable.  Essentially  it  was  to 
build  a  low-water  dam  from  Turnbull's  Island  to  the  main  land  between 
the  old  mouth  of  Red  River  and  the  Atehafalaya,  and  to  turn  Red  River 
down  the  upper  channel  above  Turnbull's  Island. 

Upon  the  work  being  assigned  me,  I  directed  a  survey  to  be  made 
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of  the  entire  locality',  embracing  the  old  month  of  Red  River,  the  npper 
and  lower  channels  around  TurnbuU's  Island,  the  head  of  the  Atchafalaya, 
and  the  month  of  Old  River,  and  the  Mississipiu  in  the  vicinity,  with  a 
view  of  gaining  all  possible  information  covering  the  actual  condition 
of  affairs  and  the  best  method  of  carrying  out  the  work  of  improvement. 

The  survey  upon  which  the  maps  and  drawings  herewith  presented 
are  based  w^as  commencjed  in  July  following  the  announcement  of  the 
appropriation.  High-water  for  a  while  interfered  with  the  work,  and 
afterwards  the  yellow  fever  prevailing  at  Red  River  Landing  and  vicinity 
caused  me  to  withdraw  the  party  from  the  field  and  abandon  the  survey 
until  a  more  favorable  season.  It  was  recommenced  in  December  and 
finished  the  following  February  (1879).  The  i>artie.s  were  brought  to 
the  office  and  the  drawings  and  plans  worked  up  from  the  notes.  The 
results  showed  that  many  changes  had  taken  place  since  1874,  and  that 
the  conditions  were  very  unfavorable  for  carrying  into  successful  execu- 
tion the  above-mentioned  plan.  The  vast  interests  at  stake,  involving 
the  commerce  of  the  Red,  Black,  Ouachita,  Atchafalaya,  and  their  trib- 
ntaries,  demanded  that  other  routes  possessing  favorable  features  should 
be  examined  before  finally  determining  ui)on  a  definite  plan.  Consider- 
ing that  the  one  suggested  b^"  Mr.  J.  K.  Duncan,  when  chief  State 
engineer,  of  taking  Bayou  Placiuemine  as  the  route  to  Red  River,  pre- 
sented many  excellent  points,  I  concluded  to  have  that  route  surveyed, 
and  accordingly  in  July  I  dispatched  a  i)arty  to  the  Plaquemine  for  that 
pnrpose.    The  results  of  this  survey  will  be  noticed  further  on. 

As  a  history  of  the  changes  or  causes  that  led  to  the  destruction  ot 
the  navigation  of  the  mouth  of  Red  River  will  be  necessary  for  a  proper 
understanding  of  the  (juestions  involved,  I  will  give  extracts  bearing 
npon  the  same,  taken  from  the  various  reports  of  the  board  of  State 
engineers  of  Louisiana. 

In  an  elaborate  report  upon  the  origin  and  causes  of  the  deterioration 
of  the  navigation  of  Old  River  (as  the  channel  is  now  called),  by  Mr. 
J,  K.  Duncan,  in  18G()3  he  states : 

I  am  nnwilHng  to  admit  a  more  speculation  in  this  report,  but  in  as  far  as  the  qntn- 
ticm  of  original  unity  between  the  Ked  and  the  Atchafalaya  rivers  is  concerned  this 
is  unavoidable.  History  and  tradition  at  the  remotest  dates  found  the  same  indirect 
Mparation  of  these  rivers  as  there  is  at  present,  for  no  direct  evidence  of  a  more  per- 
^Dot  connection  between  them  has  ever  come  down  t-o  our  times.  Hence  our  deauc- 
tlonfl  regarding  this  former  unity  can  now^^  only  be  based  upon  a  careful  inspection  of 
ihe  present  geography  and  geology  of  the  valleys  of  the  two  rivers  in  question.  A 
ekwe  examination  and  comparison  of  the  physical  aspect^)  and  the  geological  forma- 
tiomi  of  llieee  valleys  leads  one  inevitably  to  the  conclusion  that  there  was  a  former 
time  when  ihe  Red  and  Atchafalaya  rivers  were  one  and  the  same  stream,  which  had 
BO  eonnection  with  the  Mississippi  whatever,  except  through  lateral  overflows  in 
SKtrame  floods.  It  is  not  presume-d  by  this  that  there  wore  not  other  outlets  to  Rod 
Si'veor  besides  the  At-chafalaya  during  the  outward  progress  of  the  whole  front  of  itR 
delta. 

The  Teche,  in  all  probability,  w:is  such  an  outlet  up  to  a  very  recent  period  com- 
MiatiTely;  but  upon  due  ,investigati<m  of  the  subject,  how- ever,  the  conviction  will 
nroe  itseu  npon  every  one  that,  as  the  land  extended  outward,  the  Atchafalaya  became 
tbe  final  and  only  remaining  one  of  these  outlets. 

I  am  aware  that  this  former  unity  between  the  Red  and  the  Atchafalaya  rivers  has 
been  questioned  by  s<*veral  able  and  scientific  writers.  The  problem  of  low-water 
Bftvi^^ation,  which  n^mains  to  be  wdved,  however,  depends  upon  the  present  existence 
of  things  and  not  up<»n  the  changes  of  the  past,  and  therefore  it  is  immaterial  whether 
fhia  premise  be  admitted  or  not,  as  it  will  be  fully  proven  her<'after  that  these  two 
riTeiB  form  one  and  th<'  same  stream  now,  which  will  be  snflicient  for  our  argument. 
The  Red  and  the  Mississipin  rivers  then  occupied  s»^i»arat<*  valleys,  running  generally 
parallel  with  each  othtr.  but  with  no  immediate  C(»nnc'Ction  between  them.  The 
latter  sought  the  Gulf  at  the  Bali/e,  through  its  own  ind<'i)<'nd<'iit  channel,  while  the 
Ibrmer  reached  tin*  sea  tlirou^li  the  Atchafalaya  and  Berwick's  Bay. 

The  general  tendency  of  alluvial  streams  is  ever  to  lengthen  tlirir  courses  and  reduce 
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their  slopes.  As  a  consecinence  of  the  tortuous  meanderings  resnlting  from  this  con- 
sideration the  Red  and  Mississippi  rivers  came  together  and  Bungled  their  waters 
In  thus  coming  together,  however,  it  must  bo  home  steadily  in  mind  that  the  former 
was  completely  cnt  into  two  parts,  and  that  the  bend  or  loop  of  the  Mississippi,  now 
-called  Old  River,  separated  these  parts  by  a  distance  of  about  3  miles,  and  thns  main- 
tained an  indirect  coniunuiiration  only  between  them.  For  easy  nomenclature,  we 
will  designate  these  parts  by  the  names  by  which  they  are  now  known ;  that  is,  we 
will  call  the  upi)er  one  Red  River  and  the  lower  the  Atchafalaya. 
'  The  natural  effects  which  would  \ye  produced  by  the  meeting  of  the  waters  of  the 
Red  and  Mississippi  rivers  would  be  as  follows: 

EFFI  CT3  UrON  THE  ATCHAFALAYA. 

As  the  Atchafalaya  flowed  directly  from  the  apex  of  an  abrupt  bend  of  the  Missis- 
sippi, which  then,  as  now,  constituted  its  source  or  head,  it  is  evident  that  after  the 
meeting  mentione<l  it  would  become  the  general  recipient  of  most  of  the  floating  drift 
coming  down  the  Mississippi  during  the  rise  of  its  floods.  The  inevitable  resnlt  of 
this  would  be  the  complete  raftin^^  of  the  Att^hafalaya  from  Berwick's  Bay  to  its  head. 
Everything  proves  this  dense  rafting  to  have  taken  place,  traces  of  which  are  apparent 
throughout  the  entire  course  of  the  river,  in  its  lake  formation,  and  in  its  numeroos 
lateral  chutes  caused  by  the  water  breaking  around  the  rafts  and  coming  in  again 
below  them.  This  has  been  known  to  be  the  case  up  to  a  very  recent  date,  as  bnt  a 
few  years  have  elapsed  since  the  rafts  were  broken  and  removed  by  the  internal  de- 
partment. 

These  obstnictions  would  render  the  current  of  the  Atchafalaya  very  slugg^h, 
whence  there  would  be  a  c^onsequeut  rapid  deposition  of  sediment  upon  the  rafts,  cans- 
ing  the  channel  of  the  river  to  contract  and  shoal  it«  bed. 

EFFECTS  ON    THE   RED  RIVER. 

It  is  plain  that  when  their  wat^^rs  first  came  together  the  inevitable  result  would  be 
the  absorption  of  the  Red  by  the  Mississippi,  ana  a  rush  of  most  of  its  waters  down 
the  stream  of  the  greatest  slope  and  velocity. 

This  becomes  the  more  evident  when  we  reflect  that  the  Red  debouched  directly 
into  the  Mississippi,  and  that  it  was  furthermore  completely  cut  off  from  its  natural 
outlet,  the  Atchafalaya. 

As  the  Mississippi  at  that  time  swept  entirely  around  the  bend  now  called  Old  River, 
and  as  the  Atchafalaya  became  rafted  in  the  manner  before  shown,  the  Red  River 
would  continue  to  flow  into  it  as  a  forced  tributary  until  some  subsequent  g^reat  change 
should  divert  its  course  and  direct  it  elsewhere. 

Throughout  all  the  delta  of  the  Mississippi  it  is  well  known  that  its  banks  fall  rap- 
idly back  from  the  river  laterally,  and  consequently  the  parallel  back  valley  mnst  be 
on  a  lower  level  on  the  same  parallel  of  latitude.  Hence  the  Red  River,  mnning 
through  this  lower  vallev,  must  necessarily  be  below  the  Mississippi,  and  this  being 
universal  on  every  parallel  it  is  evident  that  the  plane  of  its  slope  nas  a  less  inclina- 
tion also.  In  consequence,  during  its  floods  and  even  at  low- water  the  Missiasippi 
would  back  iq)  its  waters  into  the  former,  and,  as  these  back  waters  had  no  natfutal 
outlet,  they  would  be  forced  up  the  Red,  Black,  Ouachita,  and  Little  rivers,  and  their 
numerous  branches,  perhaps  for  many  miles.  '  This  would  produce  a  constant  retarda- 
tion of  the  current  of  Lower  Rod  River  and  a  consequent  precipitation  of  the  earthy 
matter  hpld  in  suspension,  as  this  latter  is  lifted  and  carried  along  entirely  by  the 
velocity  of  the  current,  or  b^  the  mechanical  action  of  the  water  in  motion,  as  wenaye 
before  seen.  These  depositions  would  cause  the  lower  part  of  Its  channel  to  shoal ; 
and  the  waters  coming  down  from  above,  together  with  the  back  waters  fh>m  the  Mis- 
sissippi, finding  no  sufficient  vent,  would  escape  in  a  sheet,  flow  over  the  banks  into 
the  low-bordering  swamps,  thus  converting  nearly  all  of  this  entire  region  into  one 
vast  res(irvoir,  as  far  as  the  retardation  ext<>nded. 

The  sudden  ac<!ession  of  the  waters  of  Rod  River  to  its  volume  would  canse  the 
Mississippi  to  change  its  re^^inien.  This  change  could  not  have  been  very  great  or  sud- 
den, however,  as  the  Atchafalaya,  until  it  became  rafte<l,  partially  compensated  for  Uie 
accession  from  Red  River.  In  time  this  river  accommodated  itself  to  the  new  order  of 
things,  discharging  it^  surplus  in  the  meanwhile  over  both  of  its  banks  into  the  low 
swamps  beyond. 

It  is  plain,  furthermore,  that  at  that  time  there  could  have  been  no  question  of  low- 
water  navigation,  excepting  at  the  mouth  of  and  in  Lower  Red  River,  as  what  is  Old 
River  now  was  then  the  Mississippi. 

Such  had  probably  been  the  condition  of  these  rivers  for  ages,  and  this  was  their 
condition  and  their  several  relations  at  the  time  they  were  first  discovered  by  the 
Europeans,  and  thence  up  to  the  year  1831,  when  onr  troubles  regarding  navigation 
l>egan  to  be  really  serious. 
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At  this  time,  lS;il  (see  map  A),  the  MisRiswippi  formed  the  loop  alludeil 
to,  received  at  its  upper  bend  the  waters  of  lied  Hiver,  directly,  and  from 
its  lower  end  emptied  its  own  water  directly  into  the  Atchafalaya.  The 
distance  around  the  bend  was  about  17  miles,  while  across  the  naiTow 
neck  of  land  it  was  but  a  few  hundred  yards.  The  Atchafalaj'a  was,  as 
stated,  completely  filled  with  rati,  and  at  the  same  time  a  bar  was  form- 
ing at  the  mouth  of  Ked  River,  and  iti^  lower  reaches  were  becoming 
shoal  from  the  deposition  of  sediment.  To  improve  the  navigation  of 
the  mouth  of  Ked  Kiver,  recourse  was  had  to  the  Shreve  Cut-ott',  which 
was  made  over  the  narrow  neck  of  land.    Of  this,  l)unean  says : 

To  improve  the  navigation  at  the  month  of  and  in  Lower  Red  River,  which  was 
rapidly  deteriorating  from  the  depoHition  at  its  monrli,  cau8<*d  by  <;heeking  the  cur- 
rent, as  we  have  before  aei^n,  recounte  was  had  to  this  popular  )mt  pernicious  method 
of  ODtaining  immediate  relief. 

A  perfect  cut-off  produces,  together  with  other  results,  a  sudden  fall  of  the  whole 
river  at  and  above  the  ]>oint  where  made. 

It  is  hence  evident  that  there  would  result  temporarily  from  this  work  the  imme<li- 
ate  benefit  required.  The  Mississippi  having  suddenly  fallen  at  the  mouth  of  Red 
River,  there  would  necessarily  be  less  back  water  in  the  latter,  and  consequently  an 
increased  current  and  greater  fall.  Red  River  would,  theref«)re,  tend  to  free  itself  ^rom 
the  shoal  bars  at  its  mouth,  and  to  wash  out  the  light  deposits  which  had  accumulated 
in  its  bed  for  some  distance  al»ove.  This  benefit  could  not  of  necessity''  be  permanent 
<fr  lastinff ;  for  by  thus  throwing  the  Mississippi  further  t(»  the  east,  it  was  partially 
separated  from  Red  River,  and  to  a  certain  degree  both  rivers  were  forced  to  assume 
their  original  independent  channels. 

Several  natural  causes  would  tend  to  widen  if  not  to  complet<^  the  separation,  two 
ef  which,  especially,  were  prominently  active : 

First.  I'he  tendency  of  the  Mississippi  to  close  up  the  gorgc's  of  its  old  bend  by'an- 
BUid  deposits  in  them.  This  is  an  invariable  law  which  operates  in  every  cut-off, 
whether  natural  or  artificial,  and  of  the  effects  of  which  Lakes  Saint  John  and  Con- 
eordia,  in  the  parish  of  Concordia,  a  short  distance  above,  may  Ik*  instanced  as  perfect 
specimens  on  the  Mississippi.  There  are  many  other  similar  cut-offs  throughout  the 
Btat'e  which  have  completely  closed  their  gorges  by  this  same  process,  and  which  are 
fiuniliar  to  ever^'  one. 

Second.  The  renewed  efforts  of  the  Red  River  to  reach  the  Gulf  by  the  lower  levels 
«f  tiie  Atchafalaya,  fn)m  the  increast^d  activity  which  it  received  under  this  change 
of  reipmen  and  artificial  separation.  Additional  power  and  increasi^d  activity  were 
also  given  to  the  operations  of  these  natural  causes  by  the  laboivi  of  man ;  for  in  18^{^{, 
two  years  after  the  cut-off  had  been  made,  a  boanl  of  public  works  was  incorporated 
vnder  which  the  internal  improvements  of  the  State  began  to  be  developed.  The  re- 
moYal  of  the  rafts  obstructing  the  Atchafalaya  and  Grand  rivers  and  Bayou  Sorrel 
being  urgently  demanded  by  the  necessities  of  the  case  was  among  the  earliest  of  its 
operations.  In  order  to  open  the  navigation  through  these  streams  to  the  Attakapas, 
a  labor  required  by  an  increasing  population,  man  performed  by  the  removal  of  these 
nits  that  which  nature  was  unskblo  to  do  without  such  assistance,  as  we  have  before 


When  these  rafts  were  partially  broken  and  removed  the  increased  current  velocity 
of  the  Atchafalaya  soon  washed  out  the  light  deposits  in  its  channel.  By  the  annual 
asristance  which  it  received  from  the  internal  improvenuMit  depart.ment,  this  river 
rapidly  assumed  its  original  capacity  to  vent  the  waters  of  Red  River,  with  an  in- 
ereased  ability  to  carry  oft'  the  back  waters  discharged  into  the  Red  River  basin  by 
tibe  Mississippi.  The  efforts  of  both  of  the  latter  rivers  were  joined  in  the  same  direc- 
tion ;  the  Red  River,  striving  to  regain  its  natural  outlet  by  the  lower  levels  of  this 
Talley, supplied  water  and  current  for  the  abrasion,  and  the  Mississippi,  by  using  the 
Lower  Red  and  all  of  Old  River  as  a  reservoir,  greatly  weakened  and  retarded  the 
enrrents  in  the  latter,  and  hence  there  resulted  a  rapi<l  precipitation  of  alluvial  de- 
posit and  consequent  shoaling  throughout  the  entire  channel  of  Old  River.     Its  lower 


COrffO  was  closed  in  a  few  years,  w^hile  bars  and  shoals  were  more  gradually  forming 
in  the  npper  gorge,  and  islands  and  shoals  in  all  that  part  of  its  cliaunel  from  the 
month  oi  the  Red  River  to  the  Mississippi.     Besides,  the  Mississippi  kept  receding 


fturther  to  the  east  by  a  vigorous  abrasion  of  its  left  bank,  while  as  rapidly  batturing 
yie  right  bank  and  tilling  the  gorges  of  its  old  bend,  until  it  has  taken  up  an  e(iuatea 
position  at  some  considerable  distance  from  the  place  where  8hreve  originally  cut  his 
channel. 

It  is  plain  from  these  facts  that  this  cut-off,  together  with  the  removal  of  the  Atch- 
afalaya rafts,  had  in  a  great  measure  restored  the  Red  and  Mississipx)i  rivers  to  their 
primary  condition  before  the  meeting  of  their  waters,  giving  each  a  tendency  to  the 
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Gulf  by  it«  own  iodepeudent  channel.  The  connection  of  the  Red  and  Atebafalaya 
with  the  Mississippi  was  made  to  depend  entirely  upon  the  navigation  of  the  old  bend 
of  the  latter,  now  called  Old  River.  This  was  rapidly  filling  np  fh>m  the  effects  of 
natural  causes.  In  short,  the  cut-off  had  only  transferred  the  difficulty  from  the  moatti 
of  the  Red  to  the  channel  of  Old  River,  and  had  greatly  impaired  the  navigation  ia- 
stead  of  improving  it. 

Among  the  many  plans  suggesting  themselves  for  the  amelioration  of  the  low-water 
navigation  of  Old  River,  it  is  singular  that  no  other  method  could  be  thought  of  than 
the  recurrence  to  a  second  cut-off,  especially  after  the  experience  of  the  ratal  conse- 
quences of  the  first.  With  this  object  in  view,  however,  the  Raccoorci  cut-off  was 
proposed  and  finally  completed  in  1^7. 

Here  is  another  instance  of  hasty  legislation,  rushing  into  unknown  and  greater 
evils  merely  to  escape  for  the  moment  an  existing  one.  Notwithstanding  the  efforts 
made  by  P.  0.  Hubert,  State  engineer,  to  arrest  the  progress  and  final  execution  of 
this  work,  and  in  spite  of  the  warnings  of  other  engineers  of  scientific  attainments, 
who  cantioned  the  legislature  that  this  proposed  cut-off  would  not  produce  the  benefits 
expected  of  it,  but  that  it  would  only  cause  the  inundation  of  Lower  Louisiana^  still 
this  last  crowning  work  was  ordered  into  execution. 

As  was  predicted  of  it,  and  as  might  have  been  anticijpated  from  the  character  of 
its  effects,  this  work  led  to  an  early  and  complete  separation  of  the  Red  and  the  Mis- 
sissippi rivers,  by  giving  additional  power  and  activity  to  all  the  causes  which  we 
have  seen  in  operation,  assisting  them  the  more  rapidly  to  destroy  the  very  navigatioa 
through  Old  River  which  it  had  been  made  to  improve. 

This  cut-ofi'  wHH  completed  in  1847.  Since  then  Old  River  has  filled  up,  not  gradually 
but  with  extraordinary  rapidity.  Every  river  pilot  will  confirm  this ;  and  it  is,  farther- 
more,  attested  by  the  annual  legislation  invoked  by  general  complaint  for  its  improve- 
ment. Since  that  time,  furthermore,  the  rafts  in  the  Atchafalaya  have  been  completely 
broken,  and  to  a  great  extent  removed,  so  that  its  channel  is  now  widened  ana  deep- 
ened to  something  like  its  original  capacity  and  magnitude. 

In  consequence,  therefore,  of  the  making  of  these  cut-offs,  and  the  removal  of  the 
Atchafalaya  rafts,  nature  has  at  length  triumphed  in  the  execution  of  her  ani venal 
and  unchangeable  laws.  And  while  the  legislatures  of  1859  and  1860  were  passing 
acts  anticipatory  of  a  separation  of  the  Red  and  Mississippi  rivers,  that  result  nad  in 
reality  already  taken  place  for  all  the  practical  purposes  of  low-water  navigation,  and 
the  waters  of  the  Red  and  the  Atchafalaya  were  effectually  blended,  into  one  stream, 
flowing  majestically  in  one  unbroken  channel  of  over  *2,000  miles  from  the  Rooky 
Mountains  to  the  Gulf  of  Mexico. 

This  has  probably  been  the  case  for  several  vears  past ;  and  it  will  be  endeavored 
to  be  proved  further  on  in  this  report  that  tnis  separation  has  been  anything  bat  a 
misfortune  to  the  best  interests  of  the  State. 

CHANGES  THAT  HAVE  TAKEN  PLACE  IN  OLD  RIVER  SINCE  THE  SHBSVB 

CUTOFF. 

Previous  to  that  event,  Old  River,  which  was  then  the  bend  of  One 
Mississippi,  was  upwards  of  three-fourths  of  a  mile  wide  and  80  feet  de^. 
After  the  cut-oflf  the  bend  commenced  to  fill  up  very  rapidly,  so  much  so, 
that  in  1839,  eight  years  after.  State  Engineer  Dunbar  reports  that  on 
the  18th  of  January  of  that  year  he  found  6 J  feet  of  water  over  the  bar 
at  the  mouth  of  Ked  Kiver,  5^  feet  on  the  bar  of  the  Atchailalayay  18 
inches  over  the  bar  at  the  lower  mouth,  and  10  feet  over  the  bar  in  tbe 
upper  mouth,  showing  a  difference  of  4^  feet  between  the  bar  in  the  up- 
per mouth  and  the  bar  in  the  Atchafalaya. 

On  the  13th  of  February  of  the  same  year  he  found  10  feet  of  water 
over  the  bar  at  the  mouth  of  Red  River,  17  feet  in  the  upper  mouth  with 
no  current,  12j  feet  in  the  mouth  of  the  Atchafalaya  with  a  strong  car- 
rent,  and  4i  feet  over  the  bar  at  the  lower  mouth,  showing  an  increase 
of  deposits  on  the  bar  at  Red  River  of  2  feet  and  One  of  ^  feet  on  tlie 
bar  at  the  lower  mouth,  while  the  relative  depths  of  the  AtohafiEtlaya 
and  the  upper  mouth  remained  the  same.  The  estimate  was  based  upon 
the  supposition  that  the  bar  in  the  Atchafalaya,  being  composed  of  hard 
blue  clay,  would  not  cut  by  the  action  of  the  water. 

By  his  examinations  in  the  following  year  (1840),  he  found  that  the 
main  part  of  the  lower  mouth  was  2.J  feet  out  of  wat^r,  the  balance  was 
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entirely  dry,  with  the  ex<5eptioii  of  a  small  coiuiniinication  about  10  feet 
wide  on  the  level  with  the  surface  of  the  water.  The  soundings  showed 
a  depth  of  7J  feet  iu  the  chaunel  over  the  bar  in  the  u])per  mouth,  6 
iuohes  of  water  on  the  shoalest  i)art  of  the  bar  at  Red  River,  an<l  5.^  feet 
on  the  bar  in  the  Atchafalaya,  showing  a  difference  between  the  bars  in 
the  upper  mouth  and  the  Atchafalaya  of  2  feet,  and  making  a  decrciise 
of  difterence  between  the  two  of  2.J  feet  since  January,  1831)  (map  B, 
showing  locality  in  1839). 

The  change  and  tilling  up  continue<l,  and  navigation  became  so  bad 
that  during  the  years  1845,  '4(5,  and  '47  it  was  virtually  suspended  during 
the  low-water  season.  It  was  during  the  latter  year  that  recourse  was 
had  to  the  Racjcourci  cut-off,  as  mentioned  above.  Instead  of  producing 
the  desired  effect  of  cleaning  out  the  deposits  at  the  mouth,  it  only  has- 
tened the  more  rapid  tilling  u])  thereof. 

The  surveys  made  by  L.  Hebert  in  1855  and  ^oG  show  still  more  the 
important  change  taking  i)laee  and  the  further  separation  of  the  Red 
and  Mississippi  rivers. 

In  1860,  Duncan  reports  that  on  the  12th  of  August  of  that  year  the 
iBOuth  was  entirely  closed  to  the  pa^ssage  of  a  small  steamer,  there  be- 
ing at  that  time  but  about  18  inches  of  water  upon  the  bar.  Measure- 
ments taken  during  the  season  after  a  steamer  had  plowed  her  way 
through  gave  an  actual  width  of  channel  of  170  feet,  a  depth  of  2.95  feet, 
and  a  sectional  water  area  of  503  square  feet. 

Map  C,  hei"ewith,  made  in  180(>,  shows  still  greater  changes.  The 
lower  channel  was  comi>letely  closed  at  its  mouth,  the  deposit  being 
<50vered  with  a  heavy  growth  of  timber,  communication  being  main- 
tained between  the  Red  and  the  Mississippi  rivers  through  the  upper 
iihannel,  which  was  very  narrow  and  shallow. 

In  1872  the  river  forced  itself  through  the  narrow  stri})  of  land  that 
obstructed  the  h)wer  channel,  and  at  the  same  time  commenced  tilling 
the  upper  chaunel,  which  ui)  to  that  year  had  been  the  route  for  the  boats. 
Since  that  year  the  lower  channel  at  low-water  has  been  the  main  chan- 
nel of  communication. 

In  December,  1870,  the  river  was  close<l  to  such  an  extent  that  three- 
fonrths  of  the  b4*ats  navigating  the  Red  and  tributary  streams  were  de- 
tained at  the  obstruction,  waiting  for  the  river  to  rise. 

In  1877  navigation  became  so  difficult  that  the  State  made  au  appro- 
priation to  keep  the  channel  open.  In  1878  the  government  employed 
two  tugs  and  a  steamer  for  a  month  and  a  half  for  a  like  purpose. 

In  fact,  it  might  be  said  that  were  it  not  for  the  temporary  expedients 
lesorted  to  from  year  to  year,  the  navigation  through  Old  River  would 
have  long  before  been  destroyed. 

CIIANOES  IX   THE   ATCIIIFALAYA. 

At  the  time  of  the  cut-off,  and  for  several  years  aftiH'ward,  the  Atch- 
afiilaya  was  a  very  small  stream,  tilled  with  rafts,  and  almost  unnaviga- 
hle.  It  is  reported  that  in  1839  the  water  was  so  low  at  the  head  of  the 
stream  that  foot  passengers,  by  means  of  a  i)lank  15  feet  long,  could 
walk  across  it.  In  tliat  year  the  State  commiMiced  removing  the  rafts 
and  other  obstructions,  an<l  immediately  tiie  river  commenced  widening 
and  deepening,  and  is  still  continuing  the  process. 

In  1850,  Professor  Forshey  states  that,  from  reported  soundings,  he 
found  a  mean  hUjh-toater  depth  at  the  head  of  about  50  feet,  with  a  width 
of  730  feet.  Soundings  matlc  at  the  time  of  my  survey  show  an  extreme 
khO'Water  depth  of  So  feet  and  a  width  at  surface  of  about  900  feet. 
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The  maps,  &c.,  herewith  presented  show  the  condition  of  the  different 
channels  at  the  time  of  the  recent  survey.  The  stage  of  water  was  then 
6  feet  above  extreme  low- water  and  the  sections  are  referred  to  that 
stage,  though  low-water  is  at  the  same  time  indicated. 

Starting  in  Old  Ked  Itiver  proper  above  the  head  of  TurnbulPs  Island, 
there  was  found  a  width  of  940  feet  and  a  depth  of  23  feet,  giving  a  sec- 
tional area  of  14,080  square  feet;  a  low- water  section  would  be  9,050 
square  feet. 

At  the  head  of  Tunibuirs  Island  the  channel  separates  into  what  are 
known  as  Upper  Old  Kiver  and  Lower  Old  River,  joining  again  at  the 
foot  of  the  island  and  flowing  thence  to  the  Mississippi  in  a  single  chan- 
nel. In  ordinary  stiiges  of  water  Upper  Old  River  divides  at  its  head 
into  three  channels,  known  respectively  as  the  Sugar  House  Chute, 
Middle  Chute,  and  the  Straight  Chute.  In  extreme  low-water  these  are 
entirely  closed  and  there  is  no  na\igation  down  Upi)er  Old  River. 

Lower  Old  River  is  now  the  only  navigable  channel  at  a  low  stage  of 
water,  and  at  times,  even  through  it,  great  difficulty  is  experienced,  par- 
ticularly on  the  lower  reaches.  In  its  upper  part,  say  just  below  the 
head  of  TurnbulPs  Island,  the  lowest  depth  found  was  13  feet  at  the 
stage  above  indicated.  As  we  approach  the  head  of  the  Atchafalaya 
we  find  a  depth  just  above  of  37  feet  and  just  below  of  27  feet,  with  cor- 
resi)onding  sectional  areas  of  14,680  and  14,820  square ,feet. 

The  sections  of  the  Atchafalaya  at  its  head,  and  at  a  point  1,000  feet 
below,  give  respectively  52,100  square  feet  and  16,766  square  feet.  The 
large  increase  of  the  upper  section  is  due  to  the  eddy  formed  by  the 
meeting  of  the  water  of  the  Red  and  Mississippi  and  scouring  out  a  deep 
hole,  the  depth  on  this  section  being  at  low-water  85  feet. 

After  leaving  the  head  of  the  Atehafalaya,  the  channel  of  Old  Biver 
commences  to  shoal,  and  from  opposite  Chan<ller^s  Landii^g  down  to 
near  the  lower  end  of  TurnbulPs  Island  navigation  is  extremely  difficult, 
particidarly  along  the  channel  known  as  the  Gut  or  Mud  Hole,  where 
for  a  distance  of  about  8,000  feet  the  channel  varied  in  width  from  250 
to  400  feet,  with  a  depth  from  2^  to  3  feet  at  low-water.  The  bottom 
through  this  channel  being  covered  with  a  layer  of  soft  mud,  through 
which  the  lightest  sounding  rod  was  easily  pushed,  rendered  the  opera- 
tion of  obtaining  the  sounding  to  extreme  nicety  very  difficult. 

From  the  (iiit  out  until  we  reach  the  mouth  we  tind  a  sufficient  depth 
of  water.  At  this  point,  however,  we  found  only  4.J  feet  at  the  time  of 
the  survey  (the  gauge  at  Red  River  Landing  being  5  feet  above  low- 
water),  showing  a  ])ossibility  of  a  comj)lete  blocking  up  of  the  entrance, 
had  the  water  been  at  its  lowest  stage.  A  reference  to  the  maps  will 
indicate,  in  much  more  detail,  the  soundings,  cross  sections,  &c.,  and 
will  give  a  full  idea  of  the  situation  much  more  readily  than  any  descrip- 
tion. 

Considering  the  changes  that  have  taken  place  in  the  channels  of  Red 
River,  Old  River,  and  the  Atchafalaya  from  the  date  of  the  Shreve  Cut-off 
down  to  the  juesent  time,  it  is  evident  that  navigation  of  Old  River  has 
become  more  aiHl  more  dillicult  from  year  to  y<*ar,  and  threatens  at  no 
great  future  time  to  be  utterly  destroye<l.  In  fact,  had  it  not  been  for 
the  work  executed  at  different  times,  Ohl  River  would  most  undoubtedly 
have  l>een  (.'losed  up.  It  is  estimated  that  the  State  of  I^uisiana  has 
spent  upwards  of  §1,000,000  in  attempting  the  various  improvements. 
These  latter,  however,  were  not  of  a*  permanent  nature,  but  consisted 
mostly  of  dredging  and  scraping  operations  during  the  low- water  season. 
The  oi>erations  during  the  past  three  years,  as  carried  on  by  the  State 
and  by  the  government,  have  been  only  with  a  view  to  keeping  the  chan- 
nel open  temporarily. 
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While  the  niivifjation  of  Old  Eiver  lias  been  deteriorating,  that  in  the 
At'chafalaya  has  been  improving,  and  this  Imyou  has  enlarged  to  snch 
an  extent  that  it  now  absorbs  all  the  water  of  Ked  River  (wlien  at  a  low 
stage)  in  its  endeavor  to  rea<;h  the  Gulf  by  the  shorter  route  down  the 
Atchafalaya.  1  caused  Ked  River  l)elow  the  mouth  of  Black  River  to 
be  gauged  when  it  was  near  its  low-water  inark,  the  result  being  a  dis- 
charge of  10,775.25  cubic  feet  per  second  ;  the  mean  velocity  being  1.191 
feet  per  second,  and  the  area  of  section  0,050  srjiwire  fet»t.  At  the  same 
time  the  gauging  of  the  Atchafalaya,  half  a  mile  below  its  head,  gave  a 
low- water  discharge  of  10,l)5i)  cubic  f<^t  per  second  ;  or,  in  other  words, 
the  Atchafalaya  was  carrying  oil'  half  as  much  water  again  as  it  received 
jbt)m  Red  River,  the  dilference  being  from  the  Mississii)])i.  The  distance 
to  the  Gulf  fi-om  the  head  of  the  At<*hafabiya  by  way  of  Grand  Lak(> 
and  Berwick's  Bay  is  1*^3  miles.  The  distance  by  way  of  the  Mississippi 
is  estimated  at  320  mih?s.  Untler  the  old  comlition  of  affairs  the  waters 
of  Red  River  may  be  said  to  have  reached  the  sea  with  a  fall  of  1.84 
inches  per  mile.  That  which  now  runs  down  the  Atchafalaya  falls  at 
the  rate  of  about  5.7  implies  per  mile. 

From  my  observations  it  is  evident  that  the  Atchafahiya  has  again 
become  an  im])ortant  outlet  to  the  Mississippi  River.  The  current  now 
at  all  times  runs /row  the  Mississippi.  It  is  only  during  the  very  excep- 
taoual  time  when  the  lied  is  high  and  the  Mississipi>i  low  that  any 
Bed  Biver  water  passes  the  head  of  the  Atchafalaya  and  finds  its  way 
to  the  Mississipi)i.  This  has  been  doubted,  but  since  my  connection 
with  the  improvement  1  have  not  known  to  the  contrary,  and  I  believe 
this  important  change  dates  from  the  time  (1872)  when  the  river  broke 
throagh  the  strip  of  land  in  Lower  Old  River,  and  made  that  the  naviga- 
ble channel.  From  a  consideration  of  the  conditions  and  relations  of  the 
different  streams,  it  is  evident — 

First.  That  the  low- water  navigation  of  Old  River  is  completely  de- 
stroyed for  all  practical  pur^ioses,  and  that  as  the  same  causes  are  stiU 
operating  it  must  necessarily  deteriorate  more  and  more  every  year. 

Second.  That  the  water  sup]>ly  of  Old  River  is  due  to  the  Mississippi 
both  at  high  and  low  stages,  and  not  to  Red  River. 

Third.  That  the  Red  and  Atchafalaya  rivers  are  unquestionably  one 
and  the  same  stream  now,  whatever  may  have  been  their  former  rela- 
tions. 

Fourth.  And  tliat  there  is  a  constant  deposit  at  the  mouth  and  in 
Lower  Ked  River,  owing  to  the  retardation  of  its  current  by  the  back 
waters  of  the  Mississippi. 

Hence  Old  River  can  only  be  regarded  as  a  communication  between 
the  Red,  Atchafalaya,  and  the  Mississippi  duiing  the  continuance  of 
high  waters,  at  which  time  it  also  acts  as  a  water-waste  to  the  sur2>lus 
floods  of  the  latter. 

The  question  then  naturally  arises  what  must  be  done  to  imi)rove  the 
low- water  condition  of  Old  Iviver  ami  maintain  that  channel  as  a  naviga- 
ble avenue  of  communication  between  the  Mississippi  and  the  Red. 

While  numerous  i)lans  have  heretofore  been  presented  to  effect  that 
object,  the  changes  that  have  tjiken  place  from  year  to  year  have  so 
jnodided  the  con<litions  upon  which  they  were  based  that  their  consid- 
eration would  be  of  no  ])ractical  value,  and  therefore  they  will  not  be 
discussed.  At  the  present  time  there  are  but  two  plans  advanced,  that 
is  for  the  imjirovemeiit  of  the  immediate  locality;  that  for  the  Plaque- 
miue  will  be  considered  hereafter.    These  two  plans  are — 

First.  To  build  a  dam  a(?ross  lower  Old  River  below  the  head  of  Turn- 
Imll's  Island,  and  force  Red  River  down  upper  Old  River,  and  thence  by 
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a  cat  tliroagh  into  the  Mississippi ;  thus  leaving  the  commanication  be- 
tween the  Mississippi  and  the  Atchafalaya  by  way  of  the  lower  reach  of 
Old  Eiver.  This  was  the  plan  lately  presented,  and  was  the  one  upon 
which  the  estimates  wei-e  presented  for  the  consideration  of  Congress. 

Second.  Dredging  Lower  Old  Eiver  at  its  mouth  and  at  the  other 
points  of  obstruction,  as  a  temporary  means  and  to  be  resorted  to  every 
low- water  season  whenever  the  obstruction  be  sufOicient  to  demand  it. 

The  first  plan  involves  the  construction  of  a  low-water  dam  across 
Lower  Old  River,  the  closing  of  the  middle  and  straight  chutes  at  the 
head  of  TurnbulFs  Island  dam  at  lower  end  of  Upper  Old  River,  and  the 
excavation  of  a  cut  through  to  the  Mississippi.  The  dredging  and  exca- 
vation provides  for  a  channel  200  feet  wide  and  5  feet  below  extreme 
low- water  line.    The  estimated  cost  of  this  work  is  $361,828.79. 

The  effect  of  this  work  would  in  reality  be  only  to  transfer  the  diffi- 
culties from  the  lower  to  the  upper  channel,  and  at  considerable  exi>ense. 
As  it  was  observed  even  in  former  times  that  Red  River  had  not  suffi- 
cient velocity  to  clean  out  the  deposits  at  its  mouth,  it  is  still  more  ap- 
parent that  with  the  increased  length  of  channel,  and  with  its  mouth 
moved  some  5.}  miles  farther  eastward,  Red  River  could  not  be  projected 
into  the  Mississippi  with  sufficient  velocity  to  insure  at  all  seasons  an 
open  channel.  The  causes  that  operate  at  the  present  time  to  fill  up 
the  gorges  of  Lower  Old  River  would  operate  in  the  same  manner  with 
the  upper  channel,  and,  therefore,  expensive  dredging  operations  would 
necessarily  have  to  be  resorted  to  every  low- water  season.  With  this 
view  of  the  case  we  might  avoid  the  expensive  work  of  attempting  to 
turn  Red  River  down  the  upper  channel,  and  resort  at  once  to  attempt 
the  maintenance  of  an  open  channel  by  the  second  plan,  which  contem- 
plates dredging^  or  some  similar  process,  such  as  scraping,  harrowing,  or 
stirring  up  the  deposit,  and  inducing  a  current  to  carry  the  same  off. 

These  processes  have  been  resorted  to  more  or  less  by  the  State  for  a 
number  of  years,  and  for  the  past  three  seasons  by  the  State  and  by  the 
government,  at  an  expense  of  about  $10,000  per  year.  A  channel  suffi- 
ciently large  for  the  passage  of  the  steamers  navigating  the  Bed  and 
tributary  streams  was  maintained.  This  past  year,  however,  the  ex- 
treme low-water  in  the  Mississippi  and  other  streams  greatly  added  to 
the  difficulty  of  keeping  an  open  channel ;  and  at  one  time  the  mouth  of 
the  river  was  completely  blocked  up. 

Unless  changes  take  place  in  the  relative  condition  of  the  streams, 
whereby  the  Atchafalaya  will  again  become  an  important  outlet  of  the 
Mississipi>i,  and  there  will  be  a  constant  and  efficient  current  maintained 
from  the  Mississippi  into  the  Atchafalaya  through  Lower  Old  River  suffi- 
cient to  keep  that  channel  open,  the  work  of  dredging  will  become  more 
and  more  difficult  from  year  to  year. 

It  is  possible  tliat  the  changes  alluded  to  may  be  about  to  take  place. 
During  the  low-water  season  of  last  fall,  I  kept  mydredgeboat  employed 
in  keeping  the  mouth  open.  In  the  execution  of  this  work,  a  channel 
was  dredged  through  the  bar  and  out  several  hundred  feet  into  the 
Mississippi.  Soon  afterwards,  the  Mississippi  commenced  rising  and  a 
strong  current  was  found  setting  in  from  the  Mississippi  towaJds  the 
Atchafalaya.  It  was  found  also  that  the  **  Gut  ^  was  not  so  much  of  an 
obstruction  as  formerly,  and  that  the  soft  deposit  had  been  carried  down 
to  the  ^^  crossing'' and  in  front  of  Chandler's  Landing.  Should  this 
dei>osit  continue  to  move  towards  the  Atchafalaya,  it  is  possible  tiiiau  an 
open  channel  may  be  maintained.  At  last  advices,  the  Mississippi  had 
risen  at  the  mouth  of  Red  River  to  a  height  of  33.65  feet  above  the 
standard  low- water  of  1872,  Red  River  at  the  same  time  remaining  very 
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The  atraiijf  current  and  volume  of  water  passing  tlirougli  Old 
Kiver  and  dnwu  the  Atchafalaya  had  tbe  effect  of  alDrmiu^  the  planters 
along  this  latter  stream,  an  the.v  seemed  to  fear  that  the  MisMixsippi 
would  tnrii  a  great  jtortion  uf  thm  volume  duwu  that  way.  While  they 
desired  an  open  channel,  they  did  not  winh  it  at  the  espense  of  their 
plautatiuns.  At  tbe  present  time  it  will  be  impossible  to  predict  what 
«ffect  this  inci'ease<l  current  and  volume  of  water  may  have  upon  Old 
River  and  tbe  Atcbafalaya.  Next  tow-water  an  examination  can  be 
moite,  and  it  may  pi-esent  a  simpler  nolutiou  of  the  problem  of  kee|)ing 
au  ojien  mouth  tbi-ough  Ited  Kiver  tbaii  any  yet  advanced. 

Should  it  be  advisable  to  continue  the  dredging  operations  it  will  be 
necessary  to  provide  auotber  drcdgeboat  in  addition  to  that  now  iu 
service;  keeping  one  at  tbe  outer  undone  att.be  inner  obstruction.  Tbe 
estimated  cost  of  a  new  dredge  is  $4(>,(HX>,  and  tbe  cost  of  operating  both 
is  from  $10,000  t«  tl5,UUU,  dei>euding  upou  the  length  of  tbe  season. 

L  BAYOU   PLAQCEHIDB   BOUTE. 

^~  After  considering  tbat  the  first  plan,  with  its  objectionable  features, 
^ould  not  fulfill  lUeconditiousof  tnaintatuingapertiiaueut  clianuel,  and 
that  the  secoud  plan  van  but  a  temporary  expedient,  attention  was 
directed  to  the  Bayou  I'taqiiemine,  whiub,  if  iiiipruved,  would  [>ossibly 
^ve  gdotl  navigation  via  Grand  Kiver  and  the  Atcbafalaya  from  the 
Mississippi  to  tlie  lied,  and  at  tbe  same  time  preserve  the  communica- 
tion between  tbe  Mississippi  and  tbe  Attakapas  country. 

Tbe  plau  for  the  improvement  of  the  route  contempbites  the  closing  of 
the  mouth  of  Old  River,  either  by  natural  causes  or  artitleiul  means,  aud 
tbe  canaling  and  locking  of  the  Plaquemiue,  anil  the  dteilging  of  a  por- 
tiou  of  Grand  River,  and  tbe  removal  of  obstructions  fram  tbe  Atcbafa- 
laya. 

Bayou  Plaquemiue  was  many  years  ago  a  mere  overflow  cuule  oboked 
with  growing  timber.  To  secure  water  uommnnicatiou  with  the  Atta- 
ka|>us  country  this  timber  was  removed,  and  ultimately  an  outlet  having 
a  (jross-secliou  of  6,0(H)  squai'e  feet  ami  currying  otf  .'i5,IHN)  cubic  fe«t  of 
wutea-  Iter  second  was  formed.  TLe  work  in  quejjtiiin  was  done  b,v  the 
Limisiitna  Navigation  Gumpany,  under  a  charter  from  tbe  titate.  The 
pniject  for  muintiLining  navigation  tbronghout  the  wliole  year  proved  a 
failure,  and  was  ultimately  abandouKl.  As  the  month  of  the  bayou 
wiui  sitnated  in  an  abrupt  beiul  of  tlie  Mississippi,  tlie  liiinks  ;ii,  tliat 
point  were  eroded  greatly  by  tbe  force  of  the  current,  and,  in  iiddiriun, 
Ibe  Imyou  itself  was  being  rapidly  flUed  up  with  drift  tniDi  iIk'  livrr, 
nmkii'g  navigation  extreiimiy  dangerous  and  difficult,  In  isi;.!  tlie 
bayou  was  closed  at  its  bead  by  a  levee,  upou  tbe  ground  tbat  there 
was  danger  of  ita  rapid  enhirgemeut,  and  that  tbe  ba<!ii  country  woidd 
he  endangered  by  tlie  volume  of  water  poured  into  it  from  tbe  Missis- 
sippi. After  the  overflow  of  1S74  a  new  leTee  was  built  farther  biu;k 
for  lietter  protection. 

Al  the  H>ot  of  Bayon  Plaquemiue  {11  mites)  we  enter  Grand  River, 
proj)crly  a  cuntinualion  of  the  Atcbafalaya,  which,  turning  eastward  at 
Biiite  {i  la  Rose,  runs  through  tbe  lower  part  of  tlie  parish  of  Ibei-ville 
nil  til  joined  l)y  tlie  Plaquemiue  at  a  place  called  the  Park;  theuce  flow- 
ing southward,  finally  discharges  into  tbe  lower  end  of  Grand  Lake. 
Gi*and  River,  after  leaving  tbe  Plaqiiemine,  is  a  small  stream,  varying 
in  width  iu  the  lirsl  5  miles  from  65  to  125  teet,  with  a  deptb  of  not 
ander  'J  feet.  From  thence  tbe  river  widens  to  400  feet  at  tbe  third  Jlat, 
aud  tVum  this  point  to  Usua  Bay  it  bas  a  width  of  from  600  to  000  feet, 
^  82  S 
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-with  a  depth  from  15  to  40  feet.  From  Spoil  Bayou  to  the  Little  Atcha- 
falaya  the  width  of  the  river  is  from  300  to  500  feet,  and  at  Batte  4^  la 
Eose  900  feet  wide.  Both  sides  of  the  river,  from  the  foot  of  the  Plaque- 
mine  to  the  Big  Pigeon,  are  wild,  low,  and  swampy;  firom  Big  Pigeon 
up  to  La  Eaurpe  the  right  bank  is  partly  cultivate,  the  strip  of  land 
varying  from  1,200  to  3,000  feet  in  width,  back  of  which  we  find  the 
bottom  land;  back  of  that,  swamps.  Cow  Island,  and  the  land  in  the 
vicinity  of  Butte  ik  la  Rose,  lie  from  10  to  14  feet  above  low-water.  The 
diii'erence  in  elevation  of  the  surface  of  low-water  in  the  Mississippi  at 
Plaqueniine  and  that  at  Butte  d  la  Rose  varies  very  little,  say  only  0.33 
of  a  foot. 

The  difference  between  high  and  low  water  in  the  Mississippi  River 
at  Plaquemine  is  28.7  ieet  The  difference  in  elevation  between  high- 
water  mark  in  the  Mississippi  and  at  the  Indian  Village  is  20.2  feet» 
At  Butte  A  la  Rose  the  difference  between  high  and  low  water  is  6.57 
feet;  at  the  second  flat  it  is  8.83  feet;  and  at  the  bridge  is  7.9. 

Now,  if  we  propose  taking  this  bayou  route,  and  making  it  the  navi- 
gable channel  of  communication  through  to  Red  River,  it  will  be  neces- 
sary to  lock  the  Plaquemine  near  its  head,  dredge  out  its  lower  end, 
widen  Grand  River  through  the  narrows,  and  to  remove  the  obstructions 
from  the  Atchafala^^a.  I^  at  the  same  time,  we  remove  the  rafts  and 
other  obstructions  from  the  net- work  of  connecting  bayous,  it  will  open 
that  entire  section  of  country  to  navigation. 

As  the  total  lift,  at  extreme  stage,  to  be  overcome  is  28.8  feet,  we  will 
have  to  use  two  locks,  each  having  a  lift  of  14.4  feet.  The  locks  pro- 
posed will  be  250  feet  long  and  48  feet  between  walls  of  chambers. 

The  estimates  for  tbe^e  16ck8,  ma<le  by  Mr.  Max  E.  Schmidt,  assistant  en- 
gineer, and  ap]>euded,  are $199, 951  36^ 

Dredging  and  excavating  in  bayon  is 124, 612  84 

DredgiDg  and  excavating  in  Grand  River  is 42, 700  46 

Protection  of  bank  of  Mississippi,  5,000  feet,  at  $18 90, 000  00 

Building  dam  in  Old  River 96,7.34  50 

Total  cost  of  Plaquemine  route 553, 999  16 

As  before  stated  that  Red  River  being  below  the  Mississippi  the  plane 
of  its  slope  has  a  less  inclination  than  that  of  the  Mississippi,  and,  con- 
sequently, the  waters  of  the  latter  were  forced  up  the  former,  and  a& 
these  waters  had  no  natural  outlet  other  tliau  the  Atchafalaya,  they 
would  necessarily  be  backed  up  the  tributary  streams.  During  the  ex- 
treme high  stage  of  water  in  the  Mississippi  we  find  this  backwater 
extending  to  the  Falls  of  Alexandria  on  the  Red,  and  to  Ouachita  City 
at  mouth  of  Bayou  Bartholomew  on  the  Ouachita,  and  also  up  the  Tensas 
and  Little  rivers,  to  the  great  damage  of  the  lands  along  those  streams. 

Now,  by  the  adoption  of  tbe  above  plan  we  secure  permanent  low- 
water  navigation  at  all  seasons  to  the  trade,  commerce,  and  products  of 
the  Red  and  the  Atchafalaya  rivers  and  the  Attakapas  country,  and  at 
the  same  time  secure  the  lands  lying  on  the  different  streams  from  danger 
Irom  overflow  from  the  backwater  due  to  floods  in  the  Mississippi,  flie 
navigation  at  low-water  in  the  lower  reaches  of  Red  River  will  also  be 
greatly  improved. 

If,  in  the  plan  for  the  Plaquemine  route,  we  omit  the  dam  in  Old  Biver^ 
we  can  use  the  lock  during  the  low  stage  of  water  (as  Old  River  navi- 
gation will  then  be  interrupted),  and  use  Old  River  during  the  higher 
stages,  which  at  the  same  time  becomes  an  outlet  for  the  waste  water 
firom  tne  Mississippi.  During  this  higher  stage  the  gates  in  the  lock  at 
Plaquemine  being  closed,  places  that  locality  in  tiie  same  condition  as  at 
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present.  The  records  of  the  stage  of  water  show  tbat,  for  the  past  eit;bt 
years,  there  has  been  an  average  of  15(1  days  a  year  wheu  the  water  was 
less  timii  12  feet  in  the  river  at  Baton  Kouge,  above  Plaqueniine,  and  the 
results  may  be  applied  to  that  platte  also.  During  such  a  length  of  time 
the  boats  could  pass  through  without  the  trouble  of  locking.  I'he  objec- 
tiona  to  this  plan  are,  that  without  the  dam  the  condition  of  affairs  along 
the  tributary  streams  would  be  as  at  present — liable  toovertlow  from 
Mississippi  ^oods.  The  steamboat  interest  would,  no  donbt.  jirefer  the 
latter  plan ;  tliat  is,  so  far  as  the  Plaquemine  route  is  concerned. 

PLAN   RECOMMENDED. 

As  the  month  of  Red  River  is  now  only  navigable  tbr  a  limited  portion 
of  the  season,  that  is,  during  the  high  and  medium  stages  of  the  Missis- 
Bippi,  except  when  we  resort  to  dredging,  and  as  this  latter  is  only  a 
temporary  means  of  improvement,  I  «  ould  recommend  for  the  permanent 
improvement  of  the  channel  the  adoption  of  the  Plsquemine  route,  which 
includes  the  protection  of  the  bank  of  the  Mississipiii  at  Plaquemine, 
the  coustruction  of  the  lock,  the  improvement  of  Giand  Blver,  and  the 
closing  up  of  Old  River.  The  estimated  cost  of  the  improvement  is 
$&53,d99.16,  or,  if  we  omit  the  dam  in  Old  River  and  leave  that  chaunel 
open  as  an  outlet  and  as  a  navigable  route  at  high  and  medium  stages, 
the  estimated  cost  of  the  improvement  will  be  #457,264.60. 

In  the  arrangement  for  the  lock  at  Plaquemine  there  will  be  some 
trouble  arising  tVom  the  deposition  of  sediment  at  the  head,  so  tbat 
arrangements  must  be  made  for  receiving  the  deposit  and  for  the  main- 
tenance and  repairs  of  the  works, 

The  total  lift  at  extreme  stages  of  water  is  28.8  feet,  to  overcome  which 
we  must  use  two  locks,  each  having  a  lift  of  14.4  feet;  the  bottom  of 
both  locks  to  be  (i  feet  below  the  low-water  of  tiie  Mis^^issippi:  the 
length  of  each  lock  between  gates,  250  feet;  the  width  of  gate  walls,  48 
feet;  the  side  or  chamber  walls  between  each  set  of  gates  to  be  con- 
structed of  earth,  the  banks  sloping  1^  to  1,  and  leaving  a  channel  way 
48  feet  wide  and  U  feet  deep  at  low-water;  the  height  of  upper  gate, 
middle  ^ate,  and  connecting  walls,  35^  feet,  ami  of  the  lower  gate  and 
connecting  walls  21  j  feet,  above  the  bottom  of  locks;  the  rise  of  the 
miter-sill  9  feet,  and  the  breadth  of  gate-wiug  30  feet. 

To  the  pressure  of  the  water  tlie  upper  and  middle  gates  each  present 
a  Borface  of  2,028  square  feet,  and  the  lower  gate  1,194  square  feet. 
The  highest  pressure  per  running  foot  for  the  upper  and  middle  gates  is 
33^26  pounds,  and  for  the  lower  gate  11,250  pounds.  The  location  of 
center  of  pressure  of  the  upper  and  middle  gates  is  13.73  feet,  and  of 
tJie  lower  gate  7.07  feet,  alxtve  the  bottom  of  locks.  The  moment  of 
overturning  force  in  the  upper  and  middle  gates  is,  for  each,  320,266 
poands,  aud  for  the  lower  gate  79,539  pounds. 

Thiuknest  o/tcalU. — The  vertical  faces  will  front  toward  the  chamber, 

id  battering  or  stepping  faces  towaj^  the  ground;  the  walls  to  be 

OBtnicted  of  rubble  masonry,  the  width  on  top  to  be  4^  feet,  and  on 
^.  le  bottom,  at  the  upper  and  middle  gates,  25  feet,  and  at  the  lower 
nte  1<>|  feet;  the  ibundation,  as  far  as  the  masonry  extends  above  and 
below  each  gate,  to  be  composed  of  a  uniform  layer  of  cement  concrete 
6  feet  thick  tor  the  upper  and  middle  gates,  and  4^  feet  thick  for  the 
lower  gate;  the  miter-sill,  socket-stone,  and  the  hollow  quoin  to  bo  com- 
posed of  dressed  stone;  buttresses  10  feet  thick  and  40  feet  deep,  com- 
menciog  at  the  hollow  quoin,  to  extend  back  at  right  angles  to  the  axis 
of  the  lock  50  feet  for  the  up^  er  and  middle  gates  and  40  feet  for  the 


^^K  Thick 
^Hod  bat 
^^^toiiBtrat 
^Blie  boti 
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lower  gate;  the  gates  to  be  of  the  type  knowp  as  folding  gates;* to  be 
coDHtructed  of  yellow  pine  aud  oak;  to  have  three  wickets  for  each  wing, 
to  be  moved  by  crabs  placed  on  top  of  the  gate  walls. 

DETAILED  ESTIMATES. 

Firal  plan. 


I.  For  closing  TjOworOld  River. 

II.  For  closing  Middle  Chute  . . . 

m.  Por  closing  slough    

IV.  For  closing  pocket 

V.  For  cloHing  Upper  Old  Rirer. 
VI.  Forpillng 


Total 


Willows. 


Cords. 

0, 4»4. 10 
605.05 
949.46 

4,111.87 

5, 138. 97 


20, 294.  M 


stone. 


Cfubieyds. 

12,668.96 

854.82 

1,28a  99 

6,414.81 

6,888  14 


27,065.72 


Piling. 


Linear /L 


17. 


17. 


Cost  of  works  constructed  according  to  the  preceding  estimates : 

20,294.54  conls  of  willow,  at  $2.:^0  per  cord 

27,065.72  cubic  yards  stone,  at  $'A.bO  per  yard 

17,569  linear  feet  of  piling,  at  10  cents  per  foot 

To  sharpening  500  piles,  at  5  cents  per  pile 

To  driving  500  pilen,  at  90  cents  per  pile 

Dredging  842,072  cubic  yards,  at  15  cents  per  yard 

Excavating  .i93,*^34  cubic  yards  (cut  to  Mississippi  River),  at  15  cents  per 
yard 


$46,677  44 

94, 7'M  02 

1,756  90 

25  00 

450  00 

126, 310  80 

58,9H5  10 


328,9:t5  26 

Add  10  per  cent,  contingencies 32, 893  53 

Total  cost  of  first  plan 361.828  79 

Second  plan. 

New  dredge-boat $40,000  00 

Cost  of  operating  two  dredge-boats  por  season 15, 000  00 

Plaquemine  route. 

Dredging  aud  excavating  in  bayou  : 

Dredging  126,009  cubic  yards,  at  15  cents  por  yard $18, 991  35 

Excuvat  nig  595,287  cubic  yards,  at  15  cents  per  yard 89, 29:i  05 

Pulling  Huags  and  stumps 5,0>K)  00 

Add  10  per  cent,  contingencies 11,  li^s  44 


Total 124,612  84 

Dredging  and  clearing  Grand  River: 

Dredging  244,444  cubic  yards,  at  15  cent s  per  yard 36, 666  60 

Grubbing  and  clearing  15.2  acres,  at  ^10  per  aire 152  00 

Extracting  snags  and  htunips 2,000  00 

Add  10  per  cent,  contingencies 3, 881  86 

Total 42,700  46 

Dam  in  Old  River : 

16,493.67  cubic  yards  stone,  at  $3.50  per  yard 67,727  84 

12,326.18  cords  willows,  at  $2.30  per  cord 28,350  21 

11,640  linear  feet  piling,  at  16  cents  per  foot 1,862  40 

Add  10  per  cent,  contingencies 8,794  06 


Total 96.734  60 


8-25  00 

212  94 

495  00 

228  00 

500  00 
90  00 
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Looks: 
The  estimated  cost  of  upper  gate  is  as  follows : 

Eoandatlons  5  feet  thick  over  entire  lock-pit,  1,511  cubic  yards  concrete, 

at$Hperyard $12,088  00 

Bubble  masonry  for  chamber  walls,  'Aj',\84  cubic,  yards,  at  $H  per  yard 20,304  00 

Dressed  stone  for  hollow  quoin  and  miter-sill,  LOO  cubic  yardn,  at  $18  per 
yard 1,800  00 

Buttresses,  extonding  50  feet  back  of  hollow  (quoins,  1,482  cubic  yards  of 

concrete,  at  $8  i>er  yard 11,856  00 

Gates: 

Each  wing,  13,750  feet — total,  27,500  feet  (board  measure)  of  yellow  pine, 
at  $30  per  1,000  feet 

Each  win};,  3,042  feet — total,  6,084  feet  (board  measure)  of  white  oak,  at 
$35  per  1,000  feet 

For  anchor-iron,  strap  and  angle  iron,  bolts,  nuts,  washers,  and  2  heel- 
posts  and  sockets,  4,500  pounds,  at  11  cents  jter  pound 

For  6  cast-inm  wickets  and  fastenings  (each  3>*0  pounds),  2,280  ])Ounds, 
at  10  cents  per  pound 

Hachinery  for  working  gates,  including  crabs,  chains,  sheaves,  cast-iron 
rollers,  and  rails 

Two  cast-iron  scouring  sluices,  at  $45 

Total 48,398  94 

The  construction  of  the  middle  gate  being  similar  in  every  respect  to 
fhe  upper  gate,  its  estimated  cost  is  the  same. 
The  estimated  cost  of  lower  gate  is  a«  follows: 

Fonndation  4|  feet  thick  over  entire  lock-pit,  1,078  cubic  yards  of  con- 
crete, at  $8  per  yard $8,624  00 

Rabble  masonry  for  chamber-walls,  1,200  cubic  yards,  at  $6  per  yard  ... 

Dressed  stone  for  hollow  quoin  and  miter-sill,  90  cubic  yards,  at  $18  per 
yard  

Buttresses  extending  40  feet  back  of  hollow  quoins,  1,185  cubic  yards  of 
concrete,  at  $8  per  yard 

Gates: 

Each  wing,  8,250  feet — total,  16,500  feet  (board  measure)  of  yellow  pine, 
at  $30  per  1,000  feet 

Each  wing,  1,791  feet — total,  3,582  feet  (board  measure)  of  whit«  oak,  at 
$35  per  1,000  feet 

For  anchor-iron,  strap  and  angle  iron,  bolts,  nuts,  washers,  and  2  heel- 
poets  and  sockets,  3,000  pounds,  at  11  cents  per  pound 

For  6  cast-iron  wickets  and  fastenings  (each  350  pounds)  2,100  pounds,  at 
10  cents  per  pound 

Hachinery  for  working  gates,  including  crabs,  chains,  sheaves,  cast-iron 
rollers,  and  rails 

Two  cast-iron  scouring  sluices,  at  $45 

Total 28,624  37 

Earth  excavation  and  auxiliary  work. 

Earth  excavation  is  as  follows: 

Cubic  yanla. 

Atnppergate    8,088 

Between  upper  and  middle  gates If),  910 

At  middle  gate 0,  J'55 

Between  middle  and  lower  gates 22, 357 

At  lower  gate 9,038 

For  buttresses 4, 149 


7,200  00 

1,620  00 

9,480  00 

495  00 

125  37 

330  00 

210  00 

450  00 
90  00 

Total  amount  of  excavation 70, 497  at  50  cents  per  yard . .     $35, 248  50 

For  1,100  linear  feet  of  cotter-dam,  at  $12  per  linear  foot 13, 200  00 
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Two  lock-gate8,  at  $48,398.94 |96,797  88 

One  lock  gate   28,624  37 

Earth  excavation,  70,497  cubic  yards,  at  50  cents  per  yard 35, 248  50 

Coffer-dam,  1, 100  linear  feet,  at  $12  per  linear  foot 13, 200  00 

Add  15  per  cent,  contingencies 26, 080  61 

Total  cost  of  locks 199,  d51  36 

RECAPITULATION. 

Dredging  and  excavating  in  bayou $1^»  612  84 

Dredging  and  clearing  Grand  River 42, 700  46 

Protection  of  bank  of  Mississippi,  5,000  feet,  at  $18 90,000  00 

Building  dam  in  Old  River 96,734  50 

Two  locks 199,951  36 

Total  cost  of  Plaquemine  route 553, 999  16 

There  are  forwarded  herewith  the  followiog  maps  and  drawings  per- 
taining to  the  survey  and  workof  improvement.  The  detailed  drawings 
of  the  lock  at  Plaquemine  are  being  made,  and  will  be  forwarded  at  the 
earliest  possible  moment : 

Map  of  the  mouth  of  Red  River  and  vicinity,  from  survey  of  ISTS-'T^. 
Three  maps  of  the  mouth  of  Red  River  and  vicinity,  viz : 

A.  From  the  survey  of  1805. 

B.  From  the  survey  of  1839,  by  Dunbar. 

C.  Showing  changes  from  1831  (completion  of  Shreve's  Cut-off)  to  1866. 

*  Map  of  survey  of  Upper  Grand  River  and  Bayous  Plaquemine  and  Jaoob  (1879),  in 
four  parts. 

*  Map  of  lower  part  of  Upper  Grand  River,  from  the  head  of  the  narrows  to  the  foot 
of  Bayou  Plaquemine,  on  an  enlarge<l  scale. 

*  Longitudinal  profile  of  Old  River,  and  Straight,  Middle,  and  Sugar-House  chntes. 

*  Longitudinal  y)rotile  of  Upper  Grand  River,  and  Bayous  Plaquemine  and  Jacob. 

*  Cross-sections  of  Red  River  in  the  vicinity  of  the  mouth,  sections  1-X  and  1-18; 
also,  sections  of  Atchafalaya  River,  Nos.  1  and  2. 

Detail  drawing  of  dam  at  the  head  of  Turnbull's  Island. 


« 


Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Bentaubd, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  8.  A. 


O  4. 

REMOVING  OBSTRUCTIONS  FROM  RED  RIVER,  LOUISIANA. 

Operations  were  carried  on  with  the  snag-boat  O.  G.  Wagner,  whieh 
entered  Bed  Biver  from  the  Ouaehita  in  the  latter  part  of  Jaly  and  con- 
tinued active  work  until  February  of  this  year. 

Comparatively  little  work  was  done  below  the  f'l.lls  of  Alexandria,  as 
it  was  deemed  advisable  to  get  the  boat  above  that  obstruction  before 
the  water  became  too  low.  Up  to  the  falls  43  snags  were  removed,  and 
37  trees  cut. 


*  These  maps  are  not  submitted  herewith. 
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After  getting  above  Alexandria  the  work  was  continnous,  and  each 
of  the  places  named  below  was  worked  as  thoroughly  as  possible: 

SoAgs  removed. 

Colfax  Bar  and  Cane  River 43 

Hide  Shoal  above  Montgomery 23 

O.  K.  Bend .\ 77 

Pmdehomme  Bend 99 

Tucker's  Reach  32 

Grand  Ecore  Bar 26 

Bock  River  Bend 27 

■Gladiola  Bend .• 144 

CloeoBend 94 

BosaBar 51 

OrafiPsBluflf 52 

From  the  river  at  intermediate  points 712 

TTotal  number  of  snags  removed  in  Red  River 1, 380 

TTotal  number  of  trees  cut  in  Red  River 495 

Wrecks  of  barge  at  Closo  Point  and  of  steamer  Glide  below  Gampte, 
lieing  the  only  two  obstructions  of  that  character  in  the  channel  as  far 
op  as  the  boat  worked  (Merrill's  Beach),  were  also  removed. 

As  Red  Biver  reached  a  lower  stage  than  was  ever  known  before, 
and  thereby  afforded  facilities  for  a  party  to  work  along  the  bed  of  the 
istream  and  remove  the  obstructions  by  cutting  and  sawing  operations,  I 
sent  a  party  from  Shreveport  under  charge  of  George  R.  Wilson,  assist- 
ant engineer,  to  work  down  stream  towards  the  Woffner.  This  party 
commenced  work  in  October,  using  a  portion  of  the  plant  belonging  to 
the  old  raft  appropriation,  and  continued  down  the  river  for  upwards  of 
60  miles  to  what  is  known  as  the  narrow  river,  and  to  within  about  10 
miles  of  the  point  reached  by  the  snag-boat. 

The  banks  on  both  sides  of  the  liver  for  this  distance  were  cleared  of 
leaning  timber,  and  all  projecting  snags  were  cut  off  or  removed.  The 
water  becoming  too  high  tor  effectual  work  with  this  party,  about  the 
middle  of  December  operations  were  suspended  and  the  force  withdrawn. 

During  the  coining  season  it  is  proposed  to  repair  the  snag  boats  and 
place  one  of  them  in  the  river,  and  with  the  new  appropriation  of 
#60,000  to  build  a  light-draught  boat  with  special  reference  to  work  in 
£ed  River. 

As  the  work  must  necessarily  be  continuous,  new  obstructions  being 
addiMi  each  year,  it  is  intended  to  apply  the  appropriation  asked  for, 
for  the  fiscal  year  ending  June,  1882,  to  the  operations  of  the  snag-boat, 
the  estimated  cost  of  which  for  eight  months'  work,  including  incidental 
•6Xi)enses  for  repairs,  &c.,  is  $24,000. 

The  former  appropriations  are  as  follows : 

By  act  approved  Jnne  18,1878 $25,000 

By  act  approved  March  3,  1879 22,500 

By  act  approved  June  14,  1880,  including  cost  of  new  snag-boat 60, 000 

COMMRRCIAL  STATISTICS. 

Bed  River  is  navigated  mostly  by  the  steamers  belonging  to  the  New  Orleans  and 
Bed  River  Transportation  Company. 

The  amount  of  freight  carried  during  the  fiscal  year  ending  June  30,  1880,  is  as  fol- 
lows: 

Bales  of  cotton 129,000 

Sacks  of  cotton-seed  (estimated) 170,000 

Head  of  cattle  (estimated) 19,000 

Sacks  of  oil-cake  (estimated) 24, 000 

Sacks  of  oil-meal  (estimated) 4,000 

Banels  of  cotton-seed  oil  (estimated) 4,300 
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There  is  also  transported  a  large  qnantity  of  sugar  and  molassee  from  the  lower- 
Red  River  parishes. 

It  is  estimated  that  at  least  75,000  more  bales  of  cotton  would  have  been  brought 
out  of  Red  River  ha<l  there  been  good  navigation  all  the  season. 

Durinc  the  cotton  season  the  company  send  out  from  New  Orleans  siz  steamboats 
per  weekf  which  carry  on  an  average  1,*^00  tons  each  trip  of  general  merchandise  to- 
the  Red  River  country  and  Texas. 

It  is  estimated  that  this  up-freight  has  been  fully  a  fourth,  if  not  a  third,  greater 
this  season  than  for  several  seasons  past,  owing  to  the  general  revival  of  business  and 
the  gooil  prices  realized  for  crops.  The  above  works  are  situated  in  the  third  collection 
district  of  Louisiana.     The  port  of  entry  is  New  Orleans. 

Money  statement, 

July  1,  1879,  amount  available $24,401  01 

Amount  appropriated  bv  act  api)r<)vo<l  June  14,  18d0 60,000  00 

$84, 401  01 

July  1,  1880,  amount  expended  during  fiscal  year 24,401  01 

July  1,  1880,  amount  available (50.000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.     24, 000  00 


O5. 

IMPROVEMENT  OF  UPPER  RED  RIVER  FROM  FULTON  TO  THE  HEAD  OF 

THE  RAFT. 


Tbe  improvement  of  this  section  of  the  river  consists  in  removing  the 
snags,  logs,  and  other  obstructions  from  the  be<l  »nd  banks  of  the  river* 
"Work  was  conimence<l  at  Fulton,  Ark.,  in  September,  1879,  witn  a  work- 
ing force  in  charge  of  R.  P.  Lowe,  jr.,  assistant  engineer,  and  with  a 
portion  of  the  plant  belonging  to  the  old  raft  appropriation. 

The  following  amount  of  work  was  accomplished  daring  the  working 
season: 


Month. 


9 

as 


IS 

"I 

a.  D 

>  a 


September 196 

October 872 

Novenibfr 142 

December I  


2.  0  bv  28  I    755 

2  0bV34  1,058 

1.7bv38      2W 

-      *        j     152 


1.5  by  60 
1. 8  bv  54 
1. 7  by  53 
1. 7  bv  60 


820 

354 

79 


Total 1,210     1  9by30  2,229  !  1.7 by  55;    763 


L  4  by  60 
2.1  by  08 
2. 0  by  60 


1.0by08 


74 
29S 

76 


4€e 


Of  the  2,229  drift-logs  destroyed,  262  of  them  were  taken  from  the 
drift  above  the  bridge  at  Fulton,  along  with  a  large  quantity  of  small 
drift,  making  a  channel  100  feet  wide  diagonally  through  the  dritt-,  and 
also  a  channel  75  feet  wi<le  between  the  drift  an<l  left  bank. 

Directly  in  front  of  the  railroad  bridge  at  Fulton  a  vast  amount  of 
drift  had  a<'cunjulated,  so  (•0Tni)letely  blocking  uj)  the  tw^o  draw  passages 
that  it  was  impossible  for  boats  to  pass.  A  ])assage  100  feet  wide  was 
cut  through  this  drift  pile  so  that  a  boat  could  ])ass  the  north  draw  pas- 
sage. It  was  not  deemed  necessary  nor  ex])e<lient  to  cut  out  the  entire 
mass,  as  when  the  new  bridge  at  Fult(m  is  c^ompleted  the  old  bridge  and 
the  drift  ])ile  will  be  removed. 

With  the  balance  of  the  ap])roi)riation  of  March  3,  1879,  and  that  of 
June,  14, 1880,  it  is  proposed  to  continue  the  work.    With  this  amonnt 
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I  consider  that  we  can  remove  all  the  obstructions  and  plac«  this  section 
of  the  river  in  a  good  navigable  condition  when  thei'e  is  sufficient  water 
for  the  boats  to  run. 

The  estimated  coet  of  this  improvemeut  was  |19,5G0. 

The  appropriations  are  an  follows : 

•By  act  approved  March  3,  1H79 $10,000 

By  act  approved  June  14,  1«80 10,000 

COMMERCIAL  STATISTICS. 

It  is  estimated  that  about  9,000  bnh'H  of  cotton  are  8hi])ped  annually  from  this  sec- 
tion of  the  river,  to  which  should  be  added  a  corrcspondinj;  amount  of  return  freight, 
consisting  of  merchandise,  su]>plicH,  farming  imphMuents,  &c. 

For  port  of  entry  and  collection  district,  see  report  for  removing  raft 
in  Red  Kiver  and  closing  Tone's  Bayou,  Louisiana. 

Money  statement 

July  1,  1879,  amount  available $10,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$20, 000  00 

Jnly  1,  1880,  amount  ex])ended  during  fiscal  year r>,  776  M 

July  1,  1880,  amount  available 14,223  66 


O  6. 
IMPROVEMENT  OF  THE   OUACHITA  RIVER,  ARKANSAS  AND  LOUISIANA. 

The  snag-boat  Wagner  was  repaired  in  New  Orleans  and  left  that 
port  on  June  3  for  the  Ouachita  Eiver.  The  stage  of  water  above  Monroe 
being  too  low  to  admit  of  operations  being  carried  on  successfully,  work 
was  commenced  at  that  point  and  continued  down  stream.  The  princi- 
pal work  was  done  at  Hopewell  Bar,  Esi)erHuce  Bend,  Butland  Bar, 
andBaiou  Louis.  Four  hundied  snags  were  removed  and  47  leaning 
trees  cut  down.  The  lower  part  of  the  river  being  in  a  good  condition 
so  far  as  snags  were  concerned,  the  Wagner  was  transferred  to  Ked 
Biver  for  a  season's  work. 

Attention  has  heretofore  been  called  to  an  important  improvement 
needed  on  the  Lower  Ouachita,  viz,  the  rebuilding  of  the  dams  at  Cata- 
houla Shoals.  If  this  work  were  executed,  navigation  would  be  insured 
to  Columbia  throughout  the  entire  year. 

For  the  puri)ose  of  presenting  a  y)lan  with  estimates  for  the  above  im- 
provement, 1  directed  Mr.  W.  C.  Melvin,  assistant  engineer,  after  the 
oompletion  of  the  survey  at  Natchez  and  Vidalia,  io  proceed  to  the 
Oaachita  and  make  a  survey  of  (>atahoula  Shoals,  llis  report  thereon 
will  be  found  annexed. 

The  survey  shows  the  existen<je  of  three  shoals  at  the  locality  which 
form  the  obstruction  known  as  Catahoula  Shoals;  and  which  1  have  des- 
ignated res])e<ttively  as  shoal  1,  2,  and  3. 

For  the  improvement  of  shoal  No.  1,  the  State  engineers  at  one  time 
ooustnicteil  a  dam  so  as  to  confine  the  water  in  a  single  channel  near 
the  right  bank.  This  dam  is  now  partially  destroyed,  an<l  it  is  proposed 
to  repair  and  rebuild  it,  closing  up  the  above  channel  and  allow  for  a 
passage-way  through  the  mid<lle  of  the  structure.  This  channel-way  is 
the  one  now  used,  the  river  having  broken  through  the  old  dam  at  that 
poiuty  and  it  seems  to  be  the  natural  channel. 
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At  shoal  No.  2,  the  improvement  will  consist  in  removing  some  few 
snags  from  the  channel,  in  protecting  the  left  bank,  and  in  building  a 
dike  so  as  to  concentrate  the  water  in  a  single  channel. 

At  shoal  No.  3,  and  below,  it  is  only  necessary  to  employ  the  snag- 
boat  to  remove  snags  and  sunken  logs,  which  extend  from  the  head  of 
the  shoal  to  a  point  some  1,000  yards  below. 

The  estimated  cost  of  the  improvement  at  shoals  1  and  2  is  $29,934.20.* 
The  dikes  will  be  built  of  stone,  sufficient  quantities  of  which  can  be 
procured  at  the  locality. 

During  the  coming  season  it  is  intended  to  employ  the  snag- boat  in 
continuing  the  removal  of  the  obstructions  in  the  river  and  in  carrying 
on  the  above  mentioned  improvement. 

The  appropriation  asked  for  for  the  dscal  year  ending  June  30,  1882, 
will  be  expended  in  continuing  the  work  as  heretofore  with  the  snag- 
boats  and  continuing  the  work  at  Catahoula  Shoals. 

No  detailed  estimates  will  be  presented  for  the  improvement  of  the 
Ouachita  with  the  snag-boat,  since  the  nature  of  the  work  must  be  con- 
tinuous from  year  to  year,  owing  to  the  character  of  the  obstructions 
which  each  flood  brings  down. 

Amount  appropriated  March  3,  1871 $51,000 

Amount  appropriated  June  10, 1872 100, 000 

Amouut  appropriated  March  3, 1873 .• 60,000 

Amount  appropriated  August  14, 1876 12, 000 

Amount  appropriated  Juue  18.  1878 10,000 

Amount  appropriated  March  3,  1879 10, 000 

Amount  appropriated  June  14,  1880 8,000 

The  first  appropriations  were  made  with  a  view  to  the  improvement 
of  the  river  by  means  of  a  system  of  locks  and  dams,  the  estimated  cost 
of  which  was  $1,163,083.75,  and  by  operating  with  a  non -propelling 
crane- boat. 

A  portion  of  the  funds  appropriated  had  been  expended  under  this 
project  for  material,  surveys,  &c.,  when  it  was  abandoned,  and  the  bal- 
ance of  the  funds  was  expended  in  the  purchase  of  an  iron-hull  snag- 
boat  and  in  operating  it  upon  the  river. 

COMMERCIAL  STATISTICS.  ' 

From  September  1,  1879,  to  June  24y  1880,  the  follotoing  vessels  navigated  the  Ouaehita  Eioer. 


Names  of  vessels. 


Fred.  A.  Blanks  ... 
John  H.  Hanna  — 

John  Wilson 

John  Howard 

Corona   

William  Fagan.... 

D.  Stein 

Saint  John   

Saint  Mary 

Tom  Perkins 

Little  Bob  B  

Big  Sunflower 

Era  No.  10 

Tensas 

Clara  S 

XatieP.'Koantz  .. 
Oeneral  Tompkins 
Oen.  D.  H.  Backer . 
Bed  Cloud 

Total 


810 
877 
297 
485 
838 
225 


16 

18 

20 

10 

6 

9 

1 

1 

9 

11 

1 

3 

11 

15 

9 

8 

1 

1 

1 


80.871 
18,818 
17,417 
18,878 
10.  SOT 
8,488 


X,9» 
ft.4SS 

4,888 
7,481 
8,771 


1,018 


laObTOr 
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In  addition  to  this,  there  is  a  lan^e  quantity  of  miscellaneons  down-freight,  consist- 
iBgof  sacks  of  cotton-seed,  head  otcattle,  white-oak  Htaves,  &c. 

The  valne  of  np-freight,  consisting  of  general  merchandise,  provisions,  &c.,  is  esti- 
mated at  abont  $4,000,000. 

The  Ouachita  is  in  the  collection  district  of  Arkansas,  there  being  but  one,  and  in 
the  third  collection  district  of  Louisiana. 

Money  statement 

Jaly  1, 1«79,  amonnt  available $14,148  14 

Axnotint  appropriated  by  act  approved  June  14, 1880 8, 000  00 

$2-2, 148  14 

July  1,  1880,  amonnt  expended  during  fiscal  year 8,017  30 

July  1,  1880,  amount  available $14,130  84 

Amonnt  (estimated)  required  for  completion  of  existing  project  Catahoula 

Shoals $20,000  00 

Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30',  1882 
St  Catahoula  Shoals  and  expenses  of  snagboat 35, 000  00 


REPORT  OF  MR.   W.   C.   MELVIN,   ASSISTANT  ENGINEER. 

Catahoula  Shoals,  November  11,  1879. 

Hajor:  I  left  Vidalia  on  the  23d  of  October,  1879,  on  the  steamer  Natchez,  with 
four  men  and  camp  ontfit,  to  make  an  examination  of  the  Catahoula  Shoals  and 
Tioinity,  on  the  Ouachita  River.  At  the  month  of  Red  River  I  reshipped  on  the  small 
steamboat  Little  Bob  B.,  and  did  not  reach  the  shoals  until  the  morning  of  the  27th. 

An  examination  of  the  shoals,  commencing  above  Little  Creek  and  ending  below 
Harrisonburg^  at  the  gravel  shoal  at  the  mouth  of  Tolefero  Bayou,  discloses  a  number 
of  difiBcnlt  places  that  will  be  treated  as  they  occur,  commencing  at  the  upper  shoal. 

In  the  bend  of  the  river  above  Big  Creek  is  found  an  extensive  gravel  bar,  with 
large  rocks  scattered  over  it  that  appear  to  be  the  remaining  parts  of  a  continuous 
lAver  through  which  Little  Cret^k  has  worn  a  channel  to  the  river.  The  south  bank 
oi  Little  Creek  and  the  east  bank  of  the  river  is  a  high,  rocky  bluff,  and  the  rocks, 
emmbling  and  falling  in  the  water,  have  formed  a  strong?  stone  revetment,  protecting 
the  bank  for  several  Hundred  yards  below  the  mouth  of  Little  Ci'eek.  Near  the  mouth 
of  Little  Creek  the  bluffs  apjiroach  very  close  to  the  water-line ;  the  falling  stones 
often  roll  into  the  bed  of  the  river,  forming  a  rocky  shoal  extending  from  shore  to 
shore.  These  obstructions  cover  about  120  yards  down  from  the  point  of  beginning, 
the  depth  of  water  over  them  being  3  feet  and  more  between  the  rocks.  Nearly  ail 
of  these  rocks  are  under  the  surface  of  the  wal  er,  and  more  dangerous  from  the  nn- 
certainty  of  their  location. 

From  this  point  to  the  head  of  the  dam  there  is  a  good  depth  of  water,  running 
through  a  clear  channel  to  the  artificial  spur  or  breakwater  protecting  the  head  of  the 
dun. 

On  the  shoal  is  a  channel  50  feet  wide,  averaging  27  inches  deep,  and  very  swift ; 
thence  to  the  foot  of  the  shoal  is  a  varying  depth  of  from  2  to  3  feet.  In  the 
pMBage  through  the  break  in  the  dam  there  is  2  feet  of  water  for  a  width  of  34  feet, 
uie  break  itself  being  116  feet,  the  width  of  water  106  feet. 

Through  the  old  channel  around  the  foot  of  the  dam  the  wat«r  depth  varies  from 
9  feet  to  22  inches  in  depth,  the  greatest  depth  being  but  a  few  feet  from  the  shore. 
'Below  the  foot  of  the  dam  the  water  shoals  to  14  inches,  spreatiing  out  fan-like  from 
thepoint  of  the  island  to  the  right  bank. 

The  removal  of  some  snags  nearly  opposite  the  foot  of  the  dam  on  the  left  bank, 
■ome  of  them  now  out  of  water,  others  under  its  surface,  will  make  this  water- route 
mach  better  than  one  on  the  right  shore,  it  now  having  a  depth  of  3^  feet  all  the  way 
below  the  head  reef  at  the  break.  On  the  right  shore  the  shoal  water  extends  down 
nearly  half  a  mile;  on  the  left  it  commences  to  deepen  immediately  below  the  head 
reefl  and  but  for  the  snags  before  mentioned  would  not  offer  any  obstruction  to  a 
emn  that  could  cross  the  hea<l  reef. 

The  dam  itself,  formed  of  a  zigzag  line  of  loose  stones  extending  from  the  left  shore 
down  until  it  approaches  a  point  141  feet  from  the  right  bank,  is  about  2  feet  above 
the  present  water-surface,  with  a  gravel  bar  forme<l  on  both  sides  of  it  rising  to 
within  a  few  inches  of  the  top.  The  dam  near  its  upper  end,  for  abont  250  feet,  seems 
to  hare  been  broken  away  in  several  places  and  the  stones  scattered  below  the  original 
poaition ;  between  this  line  and  the  left  shore  is  formed  a  bar  of  gravel  considerably 
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liigher  than  tlie  stoiie-work  of  the  dam.  On  this  bar  are  scattering  piles  of  rookt 
placed  there  by  accident  or  intention,  which  have  formed  a  very  efficient  sapport  to 
the  main  line  of  breakwater. 

The  spnr-dike,  '^50  feet  above  the  head  of  the  dam,  remains  intact  and  is  now  aboat 
100  I'eet  below  the  head  of  the  gravel  bar  formed  on  the  ontside  of  the  dam,  and  here 
the  surface. line  of  water  between  the  right  shore  and  bar  is  rednced  to  a  width  of  76 
feet  and  a  greatest  depth  of  33  inches,  and  rapid  flow 

From  what  has  been  said  and  an  examination  of  the  chart,  sheets  1  and  2,  yon  will 
com])r<*hend  the  situation  of  the  upper  shoal.  I  may  here  mention  that  a  line  of  the 
same  kind  of  stone  breakwater,  running  from  the  lower  side  of  the  break  and  extend- 
ing to  the  right  or  west  bank  at  a  right  angle  from  the  line  abov<«  it,  will  mnch  im- 
prove the  pass  through  the  dam  and  make  a  permanent  low-water  channel  down  the 
left  shore.  In  addition  to  this  extension  to  the  old  dam,  the  line  should  be  strength- 
ened and  raised  about  2  feet,  and  strong  pier-hea<ls  or  revetments  should  be  built  on 
both  Hides  of  the  water-way  through  the  daui,  extending  l>elow  for  40  feet. 

The  removal  of  sunken  rocks  at  the  mouth  of  Little  Creek,  the  extension  of  the 
dam,  about  !^)  feet  of  new  line  and  repairs  to  the  old  line  above  the  break,  the  re- 
moval of  15  or  16  snngs  from  the  channel  at  and  a  short  distance  below  the  foot  of  the 
present  dam  near  east  bank,  will  effect  all  that  can  be  done  to  improve  this  shoal  No. 
1.  It  will  be  notic(>d  that  all  the  wat^r  ])assiug  down  at  the  present  stase  of  the 
river  passes  through  a  channel-way  76  feet  wide  and  a  greatest  depth  of  33  inches; 
average  depth  ol'^t)  inches,  entire  cross-section  of  158  feet. 

The  chainiel-way  through  the  dam  will  be  50  feet  at  bottom,  71.2  at  the  top; 
section,  321  feet;  velocity  of  current  November  1,  1879,  was  6.2  feet  per  second. 

The  volume  of  water  that  can  be  utilized  with  the  water  at  eqnal  stage  with  No- 
vember 1,  1879,  is  from  the  south  chute  (the  original  channel),  discharging  section  of 
which  is  85  feet,  and  a  velocity  5.8  feet  per  second. 

Through  the  break  in  the  dam,  now  the  main  channel,  the  section  is  212  feet,  veloc- 
ity 6.2  per  second ;  by  closing  the  south  chute  and  confining  the  water  to  a  single 
channel  with  a  mean  width  60  feet,  allowing  for  increased  velocity  and  other  waste, 
we  can  depend  on  a  4-foot  depth  of  water  with  the  same  quantity  of  water  that  was 
foimd  during  the  time  of  the  survey  of  the  shoals  in  November,  1879.  It  is  seldom 
that  the  wat^r  recedes  to  this  low  point.  A  gentleman  who  has  resided  in  this  vicin- 
ity many  years  informs  m«^  that  the  stream  was  at  its  lowest  point  abont  the  26t-h  of 
October,  that  ''he  had  not  si^eu  it  so  low  any  time  before  in  his  recollection."  On  my 
gauge  put  up  on  the  26th  October  it  had  receded  nearly  0.3  on  the  1st  of  November, 
and  this  I  assume  to  be  the  low-water  of  1879. 

The  south  wing  of  dam  No.  1,  extending  from  south  bank  at  an  angle  of  60  degrees 
from  shore  line  and  bearing  downstream,  will  be  342  feet  long,  havin^jp  a  mean  heiffht 
of  5.3,  mean  width  of  base  25.2,  crown  4  feet,  and  will  require  for  its  constmcuon 
11,0(»7  cubic  yards  of  stone. 

The  north  wing  of  dam,  having  a  length  of  857  feet,  a  mean  height  3.92,  a  mean  base 
of  19.;i4.  crown  4  feet,  will  recpiire  1,576  cubic  yards  of  stone. 

Kor  tne  revetment  of  north  bank  between  head  of  dam  and  the  upper  spur-dike,  224 
feet  long,  150  cubic  yanls  of  stone  will  be  needed. 

From  the  foot  of  this  shoal.  No.  1,  to  the  head  of  No.  2,  mouth  of  Bayon  Lonis,  is  a 
depth  of  water  not  less  than  5  feet,  in  places  reaching  a  depth  of  19  feet. 

From  the  hea<l  of  shoal  No.  2  the  most  of  the  trouble  come«  from  snags,  many  of 
them  now  expos<*d,  but  many  more  of  them  out  of  sight  under  wat«r.  The  pass  at  the 
head  of  the  shoal  is  92  feet  wide,  the  greatest  depth  of  water  through  it  is  27  inches; 
this  depth  continues  for  about  :{0  feet,  then  deepens  near  the  east  bank  to  3^  and  4 
feet,  and  but  for  the  snags  in  the  channel  would  not  si^iously  interfere  with  the  pas- 
sage of  small  steamboats,  ])rovided  they  haveHufticient  power  to  8t«m  the  swift  current 
that  runs  here  for  nearly  1  niih\  Since  I  commenced  examinations  of  the  channel,  I 
find  it  has  changed  from  the  beginning  of  the  second  half  mile  below  the  head  of 
shoals,  and  is  cutting  away  the  sand-bars  on  the  west  shore,  and  where  I  then  did 
not  find  water  sufticient  for  the  passage  of  my  large  skitt",  1  now  find  3  feet  of  water;  this 
depth  of  water,  however,  cannot  be  relied  on,  for  even'  hard  rain  will  fill  it  up  again 
by  washings  from  shore.  The  channel  <m  the  east  shore  will  maintain  itself,  and  a 
snag-boat  would  help  it  very  much  if  used  during  low-wat4;r,  for  with  5  feet  more 
wafer  in  the  river  it  conhl  not  be  suc<'<'88fully  used,  as  many  of  the  logs  will  then  be 
covereil  with  nnul  and  sand. 

If  a  ]>roJect  for  lock  dams  be  ent<'rtained,  this  shoal  is  the  only  place  where  any  good 
efie<>t  can  be  found  in  th<'ir  use,  and  I  think  the  result  of  constructing  works  of  that 
kind  is  of  doubtful  utility;  the  many  objections  to  placing  works  of  that  kind  in  poei- 
ti<ms  where  they  must  be  altogether  under  water  8  months  out  of  the  12  of  every  year 
must  be  evident  enough. 

A  system  of  spur  dikes-projecting  from  the  west  bank  at  an  angle  of  60  degrees  from 
the  shore  line  and  extendiii;;  to  within  100  feet  of  the  east  bank,  forcing  the  water 
through  it,  won  Id  be  econom  i  t  al  and  easy  of  construction.    The  material  (stone)  for  the 
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work  can  be  procured  from  the  cliffs  on  Sicily  Islands,  at  the  npper  shoal,  about  1| 
miles  above  the  place  where  they  are  used. 

A  dam  below  the  mouth  of  Bayou  Louis  will  require  in  the  construction  of  both 
wings  1|977  cubic  yards  of  stone ;  the  dam  wil]  consist  of  a  south  wing  extending  from 
ooath  shore  line,  and  bearing  75  degrees  from  it  down  the  stream,  and  a  revetting 
wall  and  a  confining  wall  215  feet  in  length. 

About  the  lower  shoal,  No.  3,  below  the  mouth  of  Taleffro  Bayou,  not  mucli  need 
be  said.  There  is  no  trouble  at  the  shoals,  but  immediately  bolow  them  trouble  is 
foand  with  sunken  snaffs.  These  extend  down  about  1,000  yards,  the  channel  much 
clogged  and  very  crooKed.  A  snag-lmat  is  the  only  thing  that  can  do  much  good 
here.  A  ledge  of  rocks  commencing  120  feet  from  the  east  bank,  running  down  to- 
wards the  mouth  of  Talefero  Bayou,  seems  to  have  been  constructed  with  a  view  of 
forcing  the  channel  along  the  west  shore,  without  success,  for  a  clear  deep  channel 
mns  down  the  east  shore  and  a  gravel-bar  doses  the  mouth  of  the  bayou. 

I  will  close  operations  here  in  two  or  three  days. 

Biver  has  commenced  rising.  Last  night  and  to-day  it  has  risen  5  inches  al>ove  the 
lowest  water  of  the  season.    There  is  now  2|  feet  on  the  bar  at  the  head  of  No.  2. 

ESTIMATES. 

The  cost  of  quarrying  and  delivering  the  first  1,000  cubic  yards  of  stoue  at  a 
point  convenient  for  loading  in  barges  : 

8K  days' lalwr,  at  81.25  per  day $1,031  25 

tt25  days'  subsistence,  at  45  cents  per  day ^^1  25 

80  wheelbarrows,  at  $4.50  each 90  00 

50  crowbars  and  picks  112  50 

Timber,  bolts,  nails,  labor,  &c.,  for  chutes 300  00 

Shovels 45  00 

1, 950  00 
Cost  of  loading  in  barges  and  putting  in  position  in  the  dam,  assuming 
16  cubic  fmjt  to  be  the  average  day's  work  for  one  man  : 
Wages  and  subsistence,  $1.70  per  day 2, 868  75 

Cost  for  first  1,000  cubic  yards 4,818  75 

Amount  of  cubic  yards  in  No.  1,  2,833 : 
To  place  2,833  cubic  yards  in  position,  at  $4.82  per  cubic  yard 13,655  06 

Amount  of  cubic  yards  in  No.  2,  1,977  : 
To  place  1,977  cubic  yards  in  position,  ai  $4  82  per  cubic  yard 9, 529  14 

Total  cost  of  stone  in  place 2:^,184  20 

To  which  must  be  added  the  cost  of  barges,  superintendence,  transportation,  and 
other  exf tenses  incidental  to  a  work  of  this  kind. 
Five  barges  witl  a  capacity  for  carrying  20  cubic  yards  of  stone  each,  with 

saitAble  tackle  and  other  apimrel,  at  $450  each $2, 250  00 

For  other  items  as  named  above 4, 500  00 

Total 6,750  00 

RECAPITULATION. 

Cost  of  stone  laid  in  Dam  No.  1 $13. 055  06 

Cost  of  stone  laid  in  Dam  No.  2 9, 529  14 

Costofbarges 2,2i)0  00 

Cost  of  other  items  as  above 4, 500  00 

Total  for  Nos.  1  and  2 29,934  20 

There  are  in  addition  to  the  dam  work  100  or  more  snags  lying  in  the  channel 
between  the  upper  shoal  and  Husliley  Bayou,  one-half  mile  below  the  town  of  Harrison- 
borff. 

Above  the  shoals,  at  the  mouth  of  Little  Cr(>ek,  are  a  number  of  rocks  that  have 
fallen  from  the  cliif  and  rolled  into  the  channel.  A  snag-boat  could  easily  remove 
them. 

Very  respectfully, 

W.  C.  Melvin, 
AsHatant  Engineer. 
Maj,  W.  H.  H.  Bentaurb, 

Corpe  of  EngineerSf  U.  8,  A. 
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07. 

IMPROVEMENT  OF  YAZOO   RIVER,  MISSIS8IPPL 

Upon  the  completion  of  the  snagboat  John  B.  Meigs,  she  was  sent 
into  the  Yazoo  for  a  short  season's  work  for  the  porpose  of  removing 
snags,  logs,  and  other  obstructions  to  tlfe  stream. 

The  wrecks  of  the  steamers  Star  of  the  West  and  Mary  B.  Keene 
were  first  removed^  and  work  then  commenced  on  the  snags,  logs,  &c., 
and  continued  until  January  18,  1880,  when  the  water  became  too  high 
to  prosecute  the  work  favorably.  A  rack  heap  at  the  month  of  Tch^ 
Lake  was  also  pulled  out,  and  a  number  of  leaning  trees  cat  down,  mak- 
ing a  total  of  2,723  cuts  made. 

With  the  appropriation  of  June  14, 1880,  it  is  proposed  to  continne 
operations  this  coming  season  in  removing  snags  and  other  obstmc- 
tions ;  for  that  purpose  one  of  the  light-draught  snagboats  will  be  put 
in  the  river. 

The  appropriation  asked  for,  for  the  year  ending  June  30, 1882,  will 
be  expended  in  the  same  way. 

ESTIMATE. 

Eight  months'  expenses  of  snagboat^  including  incidental  repairs,  at  |2,500 
per  month |20,000 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3, 1873 $40,000 

(This  amount  was  applied  to  the  removal  of  eleven  wrecks  sunk  in  the 
stream  during  the  operations  of  the  war.) 

By  act  approved  March  3, 1875 12,000 

By  act  approved  A  ngust  14,  1876 15, 000 

By  act  approved  Juno  18,  1878 25,000 

By  act  approved  March  3,  1879 15,000 

By  act  approved  June  14,  1880 12,000 

COMMERCIAL  STATISTICS. 

Tlie  Yazoo  and  its  tributaries  are  navigat<^d  by  the  steamers  belonging  to  the  Missis- 
sippi and  Yazoo  River  Packet  Company,  and  by  a  few  independent  steamers,  and  the 
amount  of  freight  tranHX)orted  during  the  last  fiscal  year  is  as  follows:  95,135  bales  of 
cott-on,  12'>,000  sa<'k8  of  cotton-seetl,  to  which  should  be  added  a  corresponding  amount 
in  value  of  return  freight,  consisting  of  plantation  supi>lie^  and  general  merchandise. 

Yazoo  River  is  in  the  collection  district  of  Vicksburg,  Miss.  The  port  of  entry  is 
New  Orleans,  La. 

Money  stutement, 

July  1,  1879,  amount  available |22,359  66 

Amount  appropriated  by  act  approved  June  14,  1880 , 12,000  00 

134,359  66 

July  1,  18S0,  amount  expended  during  fiscal  year 22,359  66 

July  1,  1880,  amount  available 12,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1862.    20, 000  00 
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O  8. 

IMPROVEMENT  OF  WHITE  AND  SAINT  FRANCIS  RIVERS,  ARKANSAS. 

The  snag-boat  John  E.  Meigs,  intended  for  these  and  other  rivers^ 
was  finished  in  October,  1879,  and  left  Saint  Louis  on  the  2l8t  of  the 
same  month.  She  was  first  i)iit  into  the  Yazoo  for  a  short  season's  work» 
In  January  she  was  withdrawn  from  the  Yazoo  and  i)ut  into  the  White 
Biver.  It  being  late  in  the  season  the  river  was  above  its  average 
stage,  and  consequently  the  work  of  removing  obstructions  was  at- 
tended with  more  difiiculties  and  uncertainties  than  if  the  water  had 
been  at  a  lower  stage. 

The  Meigs  worked  up  as  high  as  Jacksonport,  which  is  considered 
fhe  head  of  navigation  for  large  boats,  removing  such  obstructions  a» 
were  in  the  way. 

For  work  on  the  Saint  Francis  I  chartered  the  steamer  General  Milea 
and  barge,  had  the  same  fitted  up,  and  commenced  operations  Novem- 
ber 27,  and  continued  until  January  30,  1880.  Work  was  started  at 
Madison,  and  continued  up  as  high  as  the  mouth  of  Little  River,  with 
the  following  results : 

Trees  cut  down 1,151 

Snags  removed 130 

Bock  heaps  destroyed 11 

Trees  lying  along  the  shore  cut  up 50 

During  the  coming  season  it  is  proposed  to  continue  operations  in 
the  White  and  Saint  Francis  with  the  snagboats,  removing  the  obstruc- 
tions, the  running  expenses  of  which  for  ten  months,  including  inciden- 
tal repairs,  &c.,  is  estimated  at  $20,000. 

With  the  appropriation  asked  for  for  the  fiscal  year  ending  June  30^ 
1882,  it  is  proposed  to  continue  the  work  of  removing  obstructions  from 
the  river  with  the  snagboatct. 

The  former  appropriations  are  as  follows : 

Allotted  from  appropriation  for  contingencies  of  rivers  and  harbors  (act  ap- 
proved July  11,  1878),  for  the  improvement  of  White  River $10, 000 

Act  approved  March  3,  1871,  for  the  improvement  of  Saint  Francis  River,  in 

Arkansas 10,000 

Act  approved  March  3,  1873,  for  the  improvement  of  White  and  Saint  Francis 

rivers 50,000 

Act  approved  June  18,  1878 40,000 

Act  approved  March  3,  1H79 12, 000 

Act  approved  June  14,  1880 12,000 

COMMERCIAL  STATISTICS. 

The  cotton  annually  brought  to  market  at  amounts  to  about  35,000  bales,  besides  a 
corresponding  amount  of  return  freight. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  Eiver  at  Memphis,  Tenn. 

Money  statement 

July  1,  1879,  amount  available |14,011  12 

Amount  appropriated  by  act  approved  June  14,  1880 12, 000  00 

$26,  Oil  12 

July  1, 1880,  amount  expended  during  fiscal  year 14,011  12 

July  1,  1880,  amount  available 12,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    20, 000  00 


1312     REPORT   OF   THE   CHIEF   OF  ENGINEERS,    U.   8    ASMT. 


IMPROVEMENT  OP   WHITE  RIVER,  BETWEEN  JAOESONPORT  AND  BUF- 
FALO SHOALS,  ARKANSAS. 

This  improvement  was  inaugarated  at  Buffalo  Shoals  by  Major  Sater. 
The  plan  contemplated  at  this  point,  the  constraction  of  seven  spur 
dikes  of  stone,  so  located  as  to  pond  up  the  water  in  the  places  of  least 
depth.  At  the  commencement  of  last  season's  work,  three  of  these  pro- 
posed dikes  had  been  completed,  and  the  project  for  the  expenditure  of 
the  appropriation  of  $10,000,  made  March  3,  1879,  contemplated  the 
construction  ot  the  remaining  four. 

The  work  at  Buffalo  Shoals  was  commenced  early  in  September  and 
finished  November  14.  The  exceedingly  low  stage  of  water  in  White 
Biver  enabled  tlie  operations  to  be  carried  on  much  more  ecomonically 
than  had  been  anticipated,  and  therefore,  having  a  i  balance  of  the  ap- 
propriation left,  projects  were  submitted  to  the  department,  and  ap- 
})roved,  to  continue  the  work  at  the  shoal  places  below.  Accordingly 
the  tbrce  was  moved  down  to  Nellie's  Apron  Shoals,  2  miles  below, 
where  a  large  and  dangerous  ledge  of  rocks  was  blasted  out.  The  force 
was  then  transported  to  the  rapids,  20  miles  below.  Two  wing-dams 
were  built  at  this  locality  so  as  to  concentrate  the  water  in  a  single  chan- 
nel. Lleavy  rains  and  high  water  coining  on,  prevented  any  farther 
operations  for  the  remainder  of  the  season. 

There  are  other  shoals  between  Buffalo  and  the  rapids  that  require 
improving,  but  the  above  work  was  undertaken  at  the  request  of  the 
steamboat  men  as  being  the  worst  placje  in  that  stretch  of  the  river. 
They  express  themselves  pleased  with  the  work,  as  attbrding  them  much 
greater  facilities  for  reaching  Buffalo  City.  The  intermediate  shoal 
places  did  not  present  sufficient  obstacles  to  call  for  any  considerable 
amount  of  work. 

A  list  of  the  shoal  places  between  Buffalo  City  and  Batesville,  with 
estimates  for  the  improvement  of  the  same,  was  presented  by  Major 
Sutei  in  his  report  for  187(),  as  found  in  Part  I  of  the  Report  of  the  Chief 
of  Engineers  tor  that  year,  page  023.  If  the  improvement  be  carried 
out  it  will  greatly  facilitate  the  transportation  of  the  productions  of  the 
Upper  White  Hiver  country. 

With  the  appropriation  of  $.'>,000,  made  by  act  approved  June  14, 
1880,  and  with  the  balance  of  the  old  appropriation,  it  is  proposed  to  con- 
tinue the  improvement  by  building  dikes  at  Samm's  Shoal  and  Fish 
Trap  Shoal  below. 

With  the  appropriation  re(|uire<l  for  the  fiscal  year  ending  June  30, 
1882,  it  is  intended  t^)  <M)ntinne  the  improvement  of  the  worst  of  the 
shoal  places  mentioned  in  the  above-named  report  of  Major  Suter. 

For  details  of  the  work  executed  this  season,  I  beg  leave  to  refer  to 
the  report  of  Mr.  J.  D.  McKown,  iissist^ut  engineer,  who  had  local 
charge  of  the  work. 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3,  1879 $10,000 

By  act  approved  June  14,  18cJ0 5,000 

COMMERCIAL  STATISTICS. 

In  Marion  County,  Arkansas,  there  was  raised  about  4,000  bales  of  ootton,  two- 
thirds  of  which  was  shipped  by  wagon  to  Springtield,  Mo.,  he  remminder  by  ri^er. 
Nearly  all  the  merchandise  used  in  this  county  was  taken  there  by  wagon  from  tlio 
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railroad,  a  distance  of  about  100  miles.  Nearly  all  if  not  the  whole  of  this  trade  would 
be  done  by  river  if  it  were  uavieable. 

Tliere  are  also  about  5,000  bales  of  cotton  that  would  be  shippe<l  by  river  from 
Boone  and  Searcy  counties,  Arkansas,  and  Taney  and  Ozark  counties  Mo.,  besides  a 
sorplas  of  wheat,  bacon,  and  corn  that  would  find  its  way  out  by  river  from  these 
upper  counties  if  justified  in  doin^  so. 

iin  Baxter  County,  Arkansas,  about  3,000  bales  of  cotton  were  raised,  one-half  of 
which  was  shipi»ed  by  wagon  to  the  railroad  at  Marshfield,  Mo. 

There  was  about  400  tons  of  merchandise  brought  into  the  county  during  the  season, 
nearhr  all  of  wliich  was  by  wa^on  from  the  railroad.  If  White  River  were  navigable, 
all  of  this  trade  would  be  by  river. 

There  was  carried  by  river  from  Batesville,  Ark.,  to  Newport,  Ark.,  during  the  sea- 
son of  1879-'80,  15,000  bales  of  cotton,  of  which  about  2,000  bales  were  from  Bufilalo 
Shoals  and  above,  and  4,000  bales  from  between  Buffalo  Shoals  and  Batesville.  The 
remaining  9,000  bales  were  transported  to  Batesville,  by  wagon,  from  the  counties 
bordering  on  and  near  the  river. 

For  port  of  entry  and  collectioii  district,  see  report  for  improving  har- 
bor and  Mississippi  River  at  Memphin,  Tenu. 

Money  statement 

July  1,  1879,  amount  available.-.. flO.OOO  00 

AjDioant  approi)riated  by  act  approved  June  14,  18H0 5, 000  00 

J15, 000  00 

Joly  1,  1880,  amount  expende<l  during  fiscal  year 7, 786  71 

Jaly  1,1880,  amount  available 7,213  29 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882, 

also  White  River  between  Jackson  port  and  Bufialo  shoals 20, 000  00 


KKPORT  OF   MR.  J.  D.  M'KOWN,  ASSISTANT  ENGIXEKK. 

United  States  Engineer  Office, 

Memphis,  Tenn.j  March  20,  1880. 

Major  :  I  have  the  honor  to  make  the  following  report  of  work  done  on  White  River 
above  Jaoksonport-,  Ark.,  during  the  past  seiison  : 

Pursaant  to  instructions  received  from  you  September  1, 1879, 1  proceeded  to  Bufialo 
Shoals  in  order  to  ccmtinue  the  work  commenced  there  in  1878. 
•  I  fonnd  the  condition  of  the  river  very  low,  said  to  be  the  lowest  water  ever  known. 
The  old  work  was  found  to  be  in  perfect  condition,  having  stood  the  test  of  successive 
rises  in  the  river  safely.  The  new  work  was  commenced  soon  after  my  arrival,  by 
building  an  extension  of  dam  No.  2,  which  was  carried  out  120  feet  beyond  the  end  of 
the  old  dam,  the  object  being  to  back  the  water  up  still  more  on  the  shallow  ledge 
above,  which  was  the  worst  place  on  the  shoals.  The  work  was  commenced  on  Sep- 
tember 19,  1879,  and  completed  on  October  9.  The  contents  were  200  cubic  yards  of 
rock.  The  crest  of  the  le<lge  was  also  taken  off  by  blasting.  The  result  is  that  now 
boats  can  pass  in  saft^ty  when  they  can  nin  in  the  upper  river  at  all. 

The  next  work  was  on  dam  No.  5,  which  was  commenced  on  October  G  and  com- 
pleted on  October  22.  This  dam  w}ih  180  feet  in  length  and  contained  308  cubic  yards 
of  rock.  The  object  was  to  close  a  chute  on  the  right  bank  through  which  about 
half  the  water  of  the  river  flowed.  Almost  oi)posite,  a  chute  was  closed  the  year 
before,  so  that  at  present  all  the  water  is  thrown  together  in  the  middle  channel. 
Another  benefit  or  these  dams,  and  one  that  was  contemplated,  is  to  hold  back  the 
water  on  the  shoal  above.  Naturally  the  velocity  of  the  current  is  increased  between 
the  islands,  and  at  some  stages  of  water  the  boats  of  light  power  have  to  pull  through 
with  a  line.  But  a^  the  loss  of  time  is  comparatively  small,  and  the  benefit  derived. 
bv  being  able  to  pass  down  with  a  good  load  so  great,  that  steamboatmen  are  weU. 
pleased  with  the  cnango. 

Dam  No.  7,  running  from  the  left  bank,  was  commence*!  on  October  13  and  finished 
on  November  14.  A  small  force  only  was  at  work  there.  Its  length  is  105  f<M»t,  ami 
contents  131  cubic  yards.  Work  on  the  dam  running  from  the  right  bank  and  nearly 
opposite  was  commenced  on  October  23  and  completed  on  November  13,  its  length. 
beuig  201  feet  and  contents  364  cubic  yards  of  rock.  The  original  plan  of  this  dam 
was  to  bnild  it  out  300  feet  from  the  right  bank,  but  it  was  thought  aclvisable,  with 
your  approval,  to  changt^  it  as  above,  in  order  to  give  pilots  a  betttir  chance  t<>. handle 

83  E 
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iht'irboatK  in  the  Hwift  wat«'i'  met  with  tliorc.    It  was  also  more  economical,  and  held 
xU*'  wal<T  hiH'k  as  w<*ll  if  not  better  than  on  the  ohl  plan. 

Thi*  (;ri:Nt  at  the  h<'a<I  of  th(^  hIiouI  wan  blasted  off,  also  some  rock  between  the  crest 
and  the  danm.  One  large  rock  waH  blasted  out  at  Buffalo  City  which  had  made  the 
river  inii»aHKable  at  a  low-boating  stage. 

At  Xellie'H  Apron  Slioals,  *2  niiU^  below  Buffalo  Shoals,  a  very  dangerous  ledge  was 
taken  out,  to  the  great  n*lief  of  navigation. 

On  the  2lHt  of  NovenibiT  we  moved  down  to  the  Rapids,  20  miles  below  Buffalo 
SlioaU.  During  tln^  early  ]>art  of  the  work  there  the  progress  made  was  very  rapid, 
hut  afterwanlH  the  rain  an<l  high-water  retailed  it  very  much. 

Two  (laniM  wen^  eonstriietiMl,  one  from  the  right  bank  to  the  bar,  its  length  being 
*/:V)  i'eet,  and  containing  179  cubic  yanls  of  rock;  The  other  from  the  bar  to  the  head 
of  the  iHhind,  r>2<>  feet  in  length,  and  contaiuing  910  cubic  yttrds  of  rock.     All  the 
wat4;r  iH  thrown  in  the  main  channel,  so  that  boats  can  pass  wnenever  able  to  reach  it. 

Thfftte  daniH,  lik(^  thorns  at  Buffalo,  are  built  of  rock  and  on  rook  foundation^  with  a 
width  on  top  of  4  fe,et,  and  Hlope  on  upper  Hide  one  to  one;  on  the  lower  side,  two  to 
one. 

The  improvement  of  White  River  is  of  the  greatest  importance  to  the  i»eople  in  the 
eoiintry  bordering  on  the  river,  which  is  almost  wholly  dependent  on  water  transpor- 
tation. Tlie  nean^t  railroads  are  the  Iron  Mountain  and  Southern,  on  the  south,  and 
the  Saint  LoiiiH  and  San  Franiriseo,  ou  the  north,  leaving  a  strip  of  country  230  miles 
wide  by  the  nean^Ht  wagon  road  ht^tween  them. 

Cotton  iH  the  Hta)>le  ))nHlnet  of  the  country*,  and  it  is  only  within  a  few  years  past 
that  it  liaH  been  exteuHively  raiH4*d  in  the  upi»er  country,  but  is  continually  growing 
in  favor.  No  doubt  if  greater  facilities  of  tran8iK)rtation  were  afforded  an  increased 
acreage  would  ixM'nltivated. 

J  would  HuggeHt  aH  a  nieaiiH  of  working  the  river  the  construction  of  two  flat-boats 
tliat  could  be  faHten('<l  together,  leaving  a  space  between  them,  and  having  a  shears 
with  a  if'g  reHting  on  each  boat.  Then  with  capstans  for  power,  either  rock  or  snags 
eouM  be  raiM>d  out  bi^tween  them.  Wheu  constructing  dams  these  boats  could  easily 
Ih:  taken  apart  and  used  for  the  transportation  of  material  to  housed  in  the  dam. 
Sueh  an  arraugenient.  would  1m>  of  light  tiranght  and  economical,  costing,  probably,  not 
nion-  than  $1,500  ('oni]dete. 

'i'lif  value.  oC  Ww.  improvements  already  made  might  be  enhance<l  by  improving  two 
hlioalh  aliovc  Hutlalo,  viz,  ('rooked  Creek  and  Red  biid  Shoals.  Both  are  of  rock  forma- 
tion and  would  retpiire  blasting.  An  examination  would  be  necessary  for  an  est i- 
nuite,  but  it  would  n(d  be  a  large  one,  )>robably  not  to  exceed  (2,000  for  both  places. 
This  would  give  an  outlet  to  the  country  above  Mountain  Homo  and  Yellville.  At 
pr«'H4Mit  boiits  do  not  often  go  above  Butlalo  wlu^n  it  is  possible,  as  they  could  not  pass 
llie  (,'rooked  (.'ret'k  Shoal  f)  miles  abov<'. 

However  it  is  probably  of  more  importance  to  continue  the  improvement  from  the 
raiudH  down  tlif  stream,  sis  there  are  many  shoals,  both  of  rock  and  gravel  foniiation, 
wiiirli  could  be  improved  so  as  to  allow  boat^  to  pass  up  the  river  at  a  much  lower 
htagft  of  water  than  is  possible  with  the  stream  in  its  present  condition. 

1  have  the  honor  to  incl(»so  herewith  nnips  of  Buffalo  Shoals,  Nellie's  Apron  Shoals^ 
ami  of  the  Rapids,  showing  tln^  improvements  made  up  to  the  present  time. 
Very  respectfully,  your  obedient  servant, 

J.  D.  McKowN, 
AMsUUatU  Emginmr. 


Mjij.  W.  H.  II.  Bknyauki), 
CorpH  of  /'JiiyinetrSf  l'.  S.  A, 


O  10. 

IMPROVEMENT  OF  WHITE  RIVER  ABOVE   BUFFALO  SHOALS,  ARKANSAS. 

All  examination  of  this  i)ortion  of  White  River  was  made  in  1871  aad 
1872,  by  Mr.  Alonzo  Livermore,  assistant  engineer,  and  under  diiectkm 
of  Lieutenant-Colonel  Kaynolds.  The  report  thereon  will  be  foaud  in 
the  reports  of  the  Chief  of  Engineers  for  those  years. 

The  total  estimated  cost  of  the  improvement  was  $101,220. 

Work  on  White  liiver  has  been  carried  on  dnring  the  imst  two  years 
at  Buffalo  Shoals  and  below,  and  in  order  to  make  the  work  in  the  two 
sections  continuous  it  is  proposed  to  improve  the  shoal  places  immedi- 
ately above  Buffalo. 
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Before  commencing  operations,  however,  it  is  proposed  to  make  an 
examination  of  this  immediate  locality,  and  determine  more  definitely 
the  nature  of  the  obstructions  and  the  best  means  to  im[)rove  the  same. 

For  commercial  statistics  see  report  for  improving  White  Kiver,  Ar- 
kansas. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississii)pi  Kiver  at  Memphis,  Tenn. 

Money  statement. 

Amonnt  appropriated  by  act  approved  June  14, 1880 $20, 000  00 

July  1,  1880,  amount  available 20,000  00 


O  II. 

IMPEOVEMENT   OF  SAINT  FRANCIS  RIVER   BETWEEN  WITTSBURG  AND 

LESTER  LANDING. 

This  work  is  but  a  continuation  of  that  heretofore  carried  on  upon  the 
Saint  Francis,  and  will  consist  of  the  removal  of  the  obstructions  to 
navigation  in  the  shape  of  snags,  logs,  leaning  timber,  &c.  For  this 
purpose  one  of  the  light-draught  boats  will  be  used. 

In  the  act  making  the  appropriation,  Wittsburg  was  put  down  Wilkes- 
burg.  As  there  is  no  such  i)laco  on  the  river  1  have  inserted  the  proper 
name. 

For  commercial  statistics,  sec  report  for  improving  White  and  Saint 
Francis  rivers,  Arkansas. 

For  port  of  entry  and  collection  district,  see  report  for  improving 
harbor  and  Missiasipin  Kiver  at  Memphis,  Tenn. 

Money  statement. 

Amonnt  appropriated  by  act  approved  June  14,  I'^O $5, 000  00 

July  1,  1880,  amoimt  available 5,000  00 


O    12. 

IMPROVEMENT  OF  L'ANGUILLE  RIVER,  ARKANSAS. 

There  being  so  many  demands  for  the  snagboat  and  the  dredgeboat 
I  had  intended  putting  into  the  L'Angnille  and  adjoining  streams, 
combined  with  the  appearance  of  the  yellow  fever  in  this  section  of  the 
oonntry,  that  1  was  unable  to  carry  out  the  project  last  season  for  the 
improvement  of  the  L'Angnille,  and  I  therefore  reserved  the  appropria- 
tion for  work  during  the  coming  season,  which  will  be  carried  out. 

The  two  appropriations  combined  will,  I  believe,  be  sufficient  to  place 
the  stream  in  gooil  navigable  condition  for  several  years,  and  therefore 
no  further  appropriation  is  asked. 

The  appropriations  have  been  as  follows  : 

By  act  approved  Juno  18,  1878,  expended  in  building  snag-boat $10, 000  00 

By  act  approved  March  3,  1879 5,000  00 

By  act  approved  June  14,  1880 2,000  00 

COMMKRCIAL  STATISTICS. 

There  is  brought  out  of  the  L'AnguiUe  about  2,500  bales  of  cotton  annually,  and 
when  the  improvement  of  the  river  is  completed  a  large  quantity  that  is  now  shipped 
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ii.v  luiliouil,  uud  »1ho  hauled  to  the  Saint  Francis,  will  be  bronght  ont  by  the  steam- 

Money  statement 

lul.v  I,  1.-h71>,  auumnt  available |5,fl64  17 

Aiiiiiiiiit  u|iia'opriatu(l  by  act  approved  June  14,  IdtiO 2,000  00 

17,084  17 
,lul.\  1,  iHHO,  iiniouiit  expended  during  fiscal  year 80  15 

July  1,  IHHO,  amount  available 7,004  02 


O  13. 

IMPROVEMENT  OF  BIG  SUNFLOWER  RIVER,  MISSISSIPPI. 

It  wiis  intended  at  first  to  pnt  one  of  the  light-dranght  snagboats  into 
tliJH  river  for  a  season's  work,  but  as  the  boats  were  employed  on  the 
oth(*r  streams,  and  as  it  was  desirable  that  some  work  should  be  done 
on  the  Sunflower  at  an  early  day,  so  as  to  facilitate  the  early  movement 
of  the  crops,  authority  was  granted  to  charter  a  light-draught  steam- 
bout,  fully  equipped,  and  operate  with  her  in  removing  snags,  logs,  and 
other  obstructions.  Accordingly  the  Deer  Creek  was  hired,  and  opera- 
tioMH  commenced  with  her  on  September  11, 1879,  and  continued  until 
th(^  end  of  November. 

Surveys  were  also  made  of  Oliphant's  Bar  and  Mussel  Shoals  with  a 
view  to  the  improvement  of  these  two  places  by  a  system  of  brush 
wing  dams.  These  places  are  the  only  ones  along  the  river  where  any 
(touHtructiou  of  such  a  nature  need  be  attempted.  As  the  water  was  at 
a  vi»ry  favorable  stage  for  operations  at  the  time  the  survey  was  finished, 
work  upon  the  wing-dams  was  immediately  commenced. 

The  etfectiveness  of  the  imi)rovenient  of  Oliphant's  Bar  may  be  judged 
from  the  fact  that  where  formerly  but  18  inches  of  water  could  be  found 
on  the  shoals,  there  is  now  something  like  3  feet.    The  boats  now  navi 
gating  the  Sunflower  can  go  through  without  interruption,  when  for- 
iiiiTly,  during  the  low  stage  of  water,  they  were  detained  several  days. 

During  the  coming  season  it  is  proposed  to  continue  the  removsd  of 
MinigH,  iS:c.,  and  the  improvement  of  Mussel  Shoals.  The  latter  will  be 
l»y  a  series  of  brush  >yingdams  like  at  Oliphant's  Bar,  but  in  addition, 
UH  the  bottom  is  composed  of  a  layer  or  crust  of  hard  material,  means 
will  1)0  employed  to  break  up  the  bottom  so  as  to  allow  the  inereiised 
current  to  carry  the  material  oft". 

The  appropriation  asked  for  for  1882  will  be  expended  in  the  same 
way. 

Previous  to  the  operations  on  the  river  by  the  government,  the  Vicks- 
burg  and  Sunflower  Packet  Company  employed  a  force  in  improving  the 
river  by  removing  snags  and  cutting  down  the  leaning  timber.  The 
/Mr  Creek  commenced  work  at  the  point  left  off  by  the  Packet  Gom- 
oany.  James  M.  Searles,  assistant  engineer,  had  charge  of  the  work  of 
improvement  and  suiveys,  and  the  following  extracts  from  his  reports 
will  give  the  nature  and  extent  of  the  operations : 

St'ptrmbvr  14. — W<?  an*  now  workiu*;  at  the  head  of  Mussel  Shoals,  43  miles  ftomthe 
mouth  of  tlu'  riv«'r. 

Srptrmber  "21. — I'p  to  this  dato  iiOO  lopjs  aud  Hiiag8,  the  worst  ohstructions,  have  heen 
rniioviMl,  and  the  most  of  iIkmii  ])Iac'<Ml  in  sut-h  poMitious  as  to  fonn  efiectual  wing- 
iluiiiH.  The  ivKult  of  tliom'  removals  has  been  an  inereased  current  velooity,  and  a 
rHpid  wa.sliiiig  away  of  sandy  acenmulations.    At  shoal-wiiter  placea,  where  the  logs 
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within  the  bed  of  the  river  were  insufflclent  in  nnmber  for  the  bnilding  of  wiug-<lam8, 
pecan  trees  were  felled  from  the  bank  and  dragged  into  the  stream.  This  timber  is 
found  in  great  abundance  immediately  along  the  banks  of  the  river,  and  as  it  has  the 
favorable  characteristics  of  heavy  specific  gravity  and  nmbrageous  growth,  it  is  admi- 
rably snitable  for  wing-dam  purposes.  We  are  now  at  the  head  of  Dewberry  Island, 
about  50  miles  above  the  mouth  of  the  ri  ver.  From  this  point  np,  about  25  or  30  miles, 
navigation  is  comparatively  easy,  there  being  hut  few  logs  or  snags  in  the  way;  from 
thence  throughout  the  upper  n-iach  of  the*  river  the  worst  obstructions  are  to  be  found. 

September  28. — I  have  mentioned,  in  previous  reports,  the  making  of  wing-dams 
with  trees  felled  from  the  bank.  These,  I  have  observed,  are  quite  effective  in  increas- 
ing the  depth  of  water  where  the  bed  of  the  river  is  of  soft  material  or  light  sand.  Such 
^  construction  is  df  an  open  character,  admitting  the  passage  through  it  of  too  much 
*  water,  and  would  be  of  no  utility  in  hard-bottom  idaces.  I  would,  therefore,  respect- 
fnlly  suggest  that  I  be  supplied  with  sawed  cypress  lumber  (8-inch  square  piling 
and  2-inch  plank)  to  be  used  at  places  where  close  wing-dams  may  be  required.  The 
piling  need  not  be  longer  than  8  or  10  feet.  It  would  also  be  necessary  to  employ  a 
rake,  after  constructing  the  close  wing-dams,  that  the  hard  bottom  might  be  broken 
up,  and  thereby  augment  the  current  action  on  the  bod  of  the  stream. 

November  5. — The  construction  of  the  wing-dams  is  rapidly  and  favorably  progress- 
ing, one  already  completed  and  another  begun.  The  finished  one  measures  132  leet  in 
length.  It  was  built  with  16  4  by  4  inch  piles,  driven  from  8  to  10  feet  in  sand  and  bine 
mud  with  a  100-pound  hammer.  The  sheeting  is  of  2-inch  plank,  driven  to  an  average 
depth  of  about  6  feet.  The  steamer  Deer  Creek,  drawing  2^  feet  large,  passed  up  and 
down  by  the  dam,  floating  down  and  passing  up  withont  pulling.  The  original  chan- 
nel-depth was  about  18  inches.  Should  the  dam  resist  heavy  scouring  (and  I  do  not 
doubt  that  it  will,  as  the  sheeting  extends  from  4  to  5  feet  below  the  bed  of  the  sand), 
•  it  may  be  that  new  bars  will  form  at  some  points  in  the  channel- way  below.  Should 
this  occur  they  can  be  removed  by  similar  means. 

November  21. — The  work  at  Oliphant's  Bar  was  completed  on  last  Wednesday,  by  th2 
building  of  10  wing-<lains.     Tliore  is  now  an  average  clianiu'l-depth  of  3  feet. 

The  steamers  Deer  Creek  and  Little  P  passed  from  the  foot  to  the  head  of  the  bar 
without  putting  out  a  liuc.  I  am  now  at  work  at  Mu:«el  Shoals.  Tiie  river  is  still 
very  low,  and  I  liopo  to  dt^epfjii  the  water  on  th»>  worst  placjcs  for  navigable  x)urposes 
before  the  coming  of  a  rivrr  rist^.  As  yet  there  has  been  no  appreciable  rise  in  the 
river  either  at  this  place  or  at  Oiiphaut's. 

The  survey  of  Olipnant's  IJar  and  Mussel  Shoals  being  completed,  I  have  discharged 
the  party  on  their  return  to  Vicksbnrg. 

If  it  be  your  intention  to  have  a  complete  survc.y  of  the  river  made,  I  would  sug- 
ge8t  that  you  onler  a  <'ontinuance  of  the  present  survey,  inasmuch  as  the  water  is  now 
very  low,  and  will  probably  remain  so  for  six  weeks  or  two  months,  at  Iwast  sulhuiently 
80  to  permit  of  easy  triangulation  near  the  river  surface.  I  think  it  would  be  well  to 
have  a  survey  of  what  is  known  as  the  Crooked  River,  a  stretch  of  about  23  miles, 
connecting  Oliphaut's  Bar  and  Mussi?!  Shoals.  This  work  could  be  done  now  very 
couveuieiitly. 

.  December  1. — In  fultillmcnt  of  your  inslructions,  the  work  of  the  steamer  wjis  discon- 
tinued on  the  evfuiing  of  the  27tli,  and  her  captain  ordered  to  return  her  forthwith  to 
Captain  Parisot  or  his  agent  at  Vicksburg. 
,  In  pefenMice  to  the  construction  of  the  lumber  wing-dams,  the  shallowness  of  water- 
depth  at  Oliphant's  Har  and  Mussel  Shoals  indicated  these  two  idaces  as  the  very 
ivoTSt  obstructions  to  the  navigati(m  of  the  river,  and  as  the  commerce  of  the  country 
and  the  extreme  necessities  of  the  planting  communitv  called  for  immediate  relief,  I 
thought  that  it  could  be  most  speedily  and  ec  inomically  given  by  devoting  the  time 
of  the  low-w^ater  season  to  the  improvement  of  the  bar  and  shoals  by  close  lumber 
wingndams. 

No  more  time  was  expended  in  tht?ir  construction  than  was  absolutely  necessary  to 
accomplhdi  an  effecti  ve  result.  No  work  of  this  character  could  be  done  at  these  places, 
irhich,  serving  a  temporary  purpose,  would  not  produce  a  radical  and  permanent  im- 
provement of  the  channel;*  and  this  is  obvious  from  the  fact  that  every  wing-dam  has 
been  strengthened  by  a  heavy  accumulation  of  sand  and  other  material  on  the  down- 
■tream  side. 

December  30. — In  submitting  this  as  a  final  report  on  the  survey  and  improvement 
operations  which  have  been  recently  conducted  on  the  Sunftower  River,  I  can  only 
add  to  the  several  reports  which  I  addressed  you  from  time  to  time  during  the  prog- 
ress of  the  work  an  earnest  recommendation  that  it  be  continued  during  the  next  low- 
water  season.  This  reeommc'ndation  is  suggested  by  a  consideration  of  the  absolute 
improvement  which  has  been  ertected  in  the  navigation  of  the  stream  by  the  removal 
of  logs  and  snags  (the  number  being  640  from  the  date  of  commencement  under  your 
orders)  and  the  building  of  the  wing-dams,  the  positions  of  which  are  shown  cm  the 
map. 

The  ¥ed  of  the  river  in  the  Oliphaut^s  Bar  reach  is  of  a  soft  siliceous  character,  and 
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is  readily  cut  out  by  the  erection  of  a  win^-dam  of  the  simplest  constraotion.  Thoso 
made  of  sawed  lumber  consisted  of  4  by  4  inch  pilini;,  driven  to  depths  vaiying  from 
6  to  15  feet  with  a  hundred-pound  hammer,  at  distances  apart  of  6,  10,  and  12  feet.  The 
tops  of  the  pile  pieces  were  connected  together  by  a  side  stringer  of  2  by  12  inch  plank, 
secured  by  60-peuny  nails. 

The  sheeting  was  ])laced  vertically,  being  leveled  on  the  top  edge  to  insure  close 
contact,  and  (Mven  with  han<l  mauls  to  dej)ths  of  from  3  to  6  feet  below  the  bed.  The 
tops  of  the  sheeting  were  nailed  to  the  string  pieces.  The  effectiveness  of  the  work 
was  demonstrated  by  the  Sunflower  packet-boats  passing  over  the  bar,  throughout  its 
entire  length,  without  a  single  detention  and  at  a  time  when  there  was  no  rise  in  the 
river. 

Before  the  construction  of  these  works,  steamers  were  detained  oA  the  bar  for  three, 
or  four  days.  Though  the  dams  are  built  of  light  material,  they  must  necessarily 
serve  a  permanent  purpose,  as  they  now  have  a  sustaining  wall  on  the  lower  side, 
formed  by  the  natural  accumulations  of  earthy  material.  Tue  work  of  wing-danuning 
Mussel  Shoals,  which  was  but  begun  at  the  time  of  discontinuance  of  work,  should  be 
carried  on  at  another  favorable  low-wat-er  season.  Three  Inmber  dams  were  con- 
strucled  in  this  shoal,  but  proved  ineffective  in  cutting  out  the  hard  bed.  As  was 
suggested  in  a  former  report,  this  work  should  be  supplemented  by  a  raking  process 
that  would  cut  into  the  bed  crust,  and  thus  facilitate  the  removing  power  of  the  wing- 
dams.  The  navigation  of  what  is  known  as  the  Crooked  River,  a  dist-ance  of  18  miles 
between  Silver  Creek  and  Choctaw  Landing,  can  be  much  improved  by  the  removal 
of  the  lo|^  which,  during  a  low- water  stage,  so  seriously  obstruct  it. 

There  is  so  manifest  an  appreciation  on  the  part  of  the  rivermen  and  planters  along 
the  Sunflower  River  of  the  good  you  have  done  them  within  the  limited  time  of  your 
operations,  and  on  my  own  of  the  means  with  which  you  have  at  all  times  so  promptly 
fnmished  me  for  the  carrying  out  of  your  instructions,  that  I  must,  in  their  and  my 
own  behalf,  give  it  in  this  communication  most  grateful  expression. 

COMMERCIAL  STATISTICS. 

During  the  season  the  steamer  Sunflower,  belonging  to  the  Parisot  Line,  made  reg- 
ular trips  in  this  river,  and  occasional  trips  were  made  by  other  boats. 

The  following  is  the  amount  of  cotton,  «S:c.,  br(»ught  to  Vicksburg  by  these  boats : 
15,817  bales  of  cotton ;  25,000  sacks  cotton-se-ed.  To  this  should  be  added  a  correspond- 
ing amount  in  value  of  return  freight,  consisting  of  plantation  supplies  and  merchan- 
dise of  all  kinds. 

The  uncertainty  of  navigation  in  this  stream  compels  a  number  of  planters  on  the 
upper  river  to  haul  their  cotton  to  the  Mississippi,  which  otherwise  would  go  down 
this  river,  and  it  is  estimated  that  the  shipments  will  be  twice  the  amount  of  the  pres- 
ent movements  when  the  improvement  of  the  navigation  is  completed. 

The  estimated  cost  of  the  improvement  of  this  river  was  $66,0C0. 

The  former  appropriations  are  as  follows : 

• 

Bv  act  approved  March  3, 1879 990,000  00 

By  act  approved  June  14,  1880 8,000  00 

For  port  of  entry  and  collection  district,  see  report  for  improving* 
Yazoo  Eiver,  Mississippi. 

Money  statement, 

July  1,  1879,  amount  available $20,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 8, 000  00 

t2H,000  00 

July  I,  1880,  amount  expeude<l  during  fiscal  year 9, 611  68 

July  1,  1880,  amount  available 18,388  32 

Amount  (estimated)  required  for  completion  of  existing  project 38, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     10, 000  00 
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O  14. 

IMPROVEMENT  OF  TALLAHATCHEE  RIVER,  MISSISSIPPI. 

The  United  States  steamer  Thomas  B.  Florence  was  sent  to  the  Tal- 
lahatehee  Kiver  in  September  with  a  workinp^  force  for  the  i>uq)ose  of 
removing  the  obstructions  to  navigation.  These  consisted  principally 
of  logs  and  leaning  timber. 

The  banks  were  cleared  to  within  about  20  miles  of  Sharkey's,  which  is 
regarded  as  the  head  of  navigation. 

The  work  seems  to  have  given  general  satisfaction  to  the  steamboat 
interests,  and  greatly  facilitates  the  shipment  of  the  proilacts  of  the 
country.    The  work  executed  is  as  follows : 

Nnmber  of  trees  cut  down 19, 444 

Number  of  trees  gircUed .5, 937 

The  report  of  Capt.  John  J.  Barry,  in  charge  of  the  work,  is  appended. 

At  the  time  the  first  examination  of  the  Tallahatchee  and  Cold  Water 
rivers  was  made  the  water  whs  quite  high.  To  obtain  more  information 
npon  the  river,  and  also  upon  the  necessity  of  continuing  the  improve- 
ment, I  sent  Mr.  Joseph  Burney,  assistant  engineer,  to  re-examine  the 
River.  lie  started  in  at  the  headwaters  of  the  Cold  water,  and  continued  • 
down  through  the  Tallahatchee.  His  report  will  be  found  .appended  to 
that  on  the  Coldwater. 

During  the  coming  season  it  is  proposed  to  operate  as  before  in  re- 
moving the  obstructions  from  the  river.  A  force  will  work  between 
Batesville  (on  the  Upper  Tallahatchee)  and  the  mouth  of  the  Coldwater, 
and  another  from  this  latter  point  to  the  junction  with  the  Yazoo. 

The  estimated  cost  of  the  improvement  of  this  river  was  $40,000. 

The  former  appropriations  are  as  follows : 

By  act  approved  March  3,  1879 i|j;0,OUO  00 

By  act  approved  June  14,  1880 9,000  00 

For  collection  district  and  port  of  entry,  see  report  for  improving 
Tazoo  Kiver,  Mississippi. 

COM>rERCIAL  STATISTICS. 

The  TaUahatcLee  is  a  stream  of  considerable  importance,  the  principal  production 
aloDff  its  shores  being  cotton,  of  which  great  quantities  are  produced,  and  which  has 
no  other  outlet  to  a  market  but  through  the  Tallahatchee  to  the  Yazoo,  and  from  there 
to  Vicksburg,  where  it  is  reshipped  to  New  Orleans  and  other  ports. 

There  are  quit«  a  number  of  prosperous  little  towns  scattered  along  its  banks,  all 
being  of  more  or  less  importance  as  shipping  points,  and  having  some  of  the  finest 
cotton-producing  lands  in  the  State  of  Mississippi  to  support  them. 

There  is  a  line  of  steamers  that  do  a  yearly  l)usiness  in  the  Tallahatchee,  going  as 
ikr  as  Sharkey's  Landing,  and  the  x)robabilities  are  that  they  would  make  occasional 
trips  into  the  Coldwater  if  the  river  above  Sharkey's  was.in  good  navigable  condition. 
Ab  it  is,  the  planters  along  the  banks  of  the  Coldwater  and  upper  Tallahatchee  have 
to  haul  their  cotton  a  long  distance  before  they  can  ship  to  any  outside  market,  and 
have  to  do  the  same  when  receiving  any  return  freight. 

The  country  as  a  general  t  lung,  from  the  mouth  of  the  Tallahatchee  to  Sharkey's 
Landing,  is  well  settled  by  white  and  black,  and  there  is  also  considerable  waste  land 
that  would  probably  become  settled  if  there  wore  good  river  transportation  fir  the 
produce  of  the  country. 

Money  sfatetnent 

July  1,  1879,  amount  available l^),000  00 

Amcmnt  appropriated  by  act  approved  June  14,  1880 9, 000  00 

$15, 000  00 

Jnly  1,  1880,  amount  exx>endcd  during  fiscal  year 4, 177  00 

Jnly  1,  1880,  amount  available 10,H-2.S  00 
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Amount  (estimatctl)  required  for  completion  of  existing  project 125,000  00 

Ainoiiut  that  can  bo  profitably  expended  in  fiscal  year  ending  June  30, 1882 .     10, 000  00 


RKPORT  OF  CAPT.  JOHN  J.  HAKKY. 


United  States  Steamer  T.  B.  Florence, 

TaUakatchwIiiver. 

Major:  Tlio  steamer  T.  B.  Florence  arrived  in  Tallahatcbee  River  on  the  morning 
of  8opt<;mber  18,  with  evorj'thing  pertaining  to  the  boat  in  good  order,  and  work  was 
coiiiuioiiccd  iinmcdiat'ely. 

\Ve  found  the  river  in  rather  an  unnavigable  condition,  on  account  of  obstructions 
in  the  way,  consisting  of  leaning  timber,  the  timber  leaning  from  both  banks.  The 
river  bcin^  only  of  moderate  width  at  an  ordinary  #tB^e  of  water,  that  with  its  short 
])oints  makes  the  leaning  timber  more  of  an  obstruction  to  navigation  than  in  other 
rivers  where  there  is  more  space  from  bank  to  bank.  The  stage  of  water  was  some- 
what higli  but  declining  fast. 

The  amount  of  work  done  from  Sept-ember  18  to  30  was  1,955  cuts  made  and  275  trees 
ffinlled.  A  great  many  cut«  are  made  of  which  there  is  no  record  kept,  the  timber 
being  too  small  to  allow  of  their  being  classed  as  cuts,  but  nevertheless  they  require 
lioth  time  and  trouble  and  are  almost  as  necessary  to  open  successful  naYigation  as 
others  that  are  larger.  For  instance,  if  the  limbs  are  not  cut  from  a  large  tree  after  it 
is  eut  down,  it  womd  meet  with  other  obstructions  in  the  river,  and  in  any  small  river 
when*  then*  is  much  cutting  to  be  done  it  would  eventually  form  itself  into  a  raft, 
whenMis  when  the  limbs  are  cut  it  will  float  out  more  successfully. 

The  work  of  cutting  timber  progressed  fn)m  day  to  day  until  the  20th  of  October, 
when  we  liad  ivaehed  a  point  30  miles  up  tlie  river,  making  the  portion  we  had  gone 
over  safe  for  steamers  to  navigate,  as  far  as  the  danger  fixim  leaning  timber  was  con- 

cerne*!. 

At  this  point  the  stage  of  water  was  extn«iiiely  low,  while  the  banks  on  both  sides 
were,  if  anvthing,  in  a  worsts  eoinlition  tliaii  t\w  portion  of  the  river  we  had  passed 
over.*  (here  being  almost  a  eontiniial  growth  of  leaning  timber  that  required  cutting, 
as  in'  some  places  it  was  nearly  inl|M^M^«ihl^^  tor  steauihoiitH  to  navigate  with  safetv. 

From  October  *jn  to  Novt'iniier  I  we  cut  a  ilistance  of  10  miles,  making  a  total  of  40 
nules  which  had  Iieeii  eiit  lioni  the  month,  i»r,  in  otlnT  words,  from  the  Yazoo  River. 
From  this  i)oint  up  Cln*  hnnUi  \\ei»<  in  niuch  better  conditiim,  the  leaning  timber  not 
interrupting  na\  ij;a(ion  enough  to  tlo  i(  an,N  serious  injury.     The  river  was  very  low 

jind  still  <leclinin^.  •,...., 

On  NovenilM-r  H>  we  iuox.mI  up  to  wHhin  10  nules  of  Sharkey's  Landing,  that  being 
eonsidered  fhe  liejid  oi  hit\  ij;afion  »>n  the  '1  allahatchee  River,  and  about  50milesfrom 
the  mouth  ol'Coldwafer. 

lUiow  SharKe.N '«  lor  home  distance  we  cnt  only  the  woi-st  portions  of  the  river  as  the 
siason  was  j;ro\N  in^;  late  and  our  object  being  to  accomplish  as  much  general  good  as 
iiossihle  in  the  time  allotted, 

Aft«'r  working  in  this  part  of  the  river  for  about  ten  days,  we  started  for  the  Cold- 
water,  a  distance  ni'  70  miles  from  where  we  were  tht^u  working,  at  which  place  wc 
arrived  November  2*2. 

( )ur  trip  through  the  Tallahatchee  from  Sharkey's  Landing  to  Coldwater  was  through 
a  stretch  of  very  bad  river. 

For  :?0  miles  above  Sharkey's  Landing  it  is  almost  impossible  for  steamboat-s  to  navi- 


free  from  obstniittions  of  any  description. 

There  is  also  a  i)ortion  of  the  river  below  Sharkey's  Landing,  about  16  miles,  which 
was  left  uncut  tor  want  of  time,  and  which  would  be  of  considerable  bcneflt  to  the 
river  interest  were  it  cut.  It  comprises  in  the  way  t)f  obstructions  principally  leaning 
tinilMT. 

On  the  24th  of  December  we  started  on  our  way  (uit  of  both  Coldwater  and  the  Tal- 
lahatchee, the  wat«'r  being  at  such  a  stage  that  it  would  have  been  useless  to  continue 
cutting  timber,  as  the  banks  were  overtlowed  to  such  an  extent  that  the  trees  would 
liave  had  to  be  cut  so  high  the  stumps  left  would  become  serious  obstructions  during 
]<»w-wat<T. 

On  our  way  <h)wn  the  river  nothing  of  special  interest  occurred,  and  we  arrived  at 
A'icksburg  December  20  in  good  condition.  AVe  laid  over  there  one  day  to  take  on 
coal  and  attend  toother  matters  pertaining  to  the  Florence,  and  left.  foV  Red  River 
Landing  on  the  following  day,  where  the  steamer  was  turned  over  to  Captain  Lydon 
as  tlin'cted. 
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The  total  amount  of  work  done  by  the  steamer  Florence  is  as  follows:  * 

Cuts.  Trees  girdled. 

September 1,955  275 

October 7,819  3,564 

November 7,062  2,078 

December 3,608  20 

Total 19,444  5,937 

Very  re8X>cctfully,  your  obedient  servant, 

John  J.  Barry. 
M%j.  W.  H.  H.  Benyaurd, 

CorpB  of  EngineerSf  U.  S,  A, 


O  15. 

IMPROVEMENT  OF  COLDWATER  RIVER,  MISSISSIPPI. 

The  steamer  Florence  left  the  Tallahatehee  in  November  and  pro. 
ceecled  into  the  Coldwater  for  a  short  season's  work,  catting  down  lean 
ing  timber  along  the  banks.    The  amount  of  work  performed  amounts 
to  2,125  trees  cut  and  G52  trees  girdled. 

During  the  coming  season  it  is  proposed  to  operate  in  the  lower  stretch 
of  river  to  the  same  intent  as  above.  This  section  of  the  river  I  deem  it 
only  necessary  to  improve. 

The  nature  of  the  Coldwater  is  such  that  unless  a  great  deal  of  work 
be  done  upon  the  river,  which  of  course  will  cost  considerable  money, 
boats  cannot  navigate  it  with  safety.  The  commerce  of  the  country  I 
do  not  think  warrants,  at  the  present  time,  any  considerable  expenditure. 

The  formei*  appropriations  are  tis  follows : 

By  act  approved  March  3,  1879 $7,000 

By  act  approvedJime  14,  1880 4,000 

COMMKRCIAL  STATISTICS. 

The  amount  of  cottou  raised  in  the  section  of  conntry  above  Belon  is  abont  1,200 
bales  per  annum,  >v!iich  is  now  sent  by  wagons  to  Jonestown,  a  distance  of  16  mile«, 
aiid  costius  $.3.50  per  ])ale  to  send  it  to  Now  Orleans.  If  there  were  gocnl  navigation  in 
thiH  part  of  the  Coblwater,  cotton  could  be  sent  to  Now  Orleans  for  $2.50  per  bale. 
Tliere  is  plenty  of  good  land  in  this  section,  though  the  country  is  but  thinly  settled, 
as  all  means  of  transportation  is  so  difficult. 

For  port  of  entry  and  collection  district,  see  report  for  improving  Yazoo 
BiveTi  Mississippi. 

Money  statement, 

July  1,  1879,  amount  availalde $7,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 4, 000  00 

$11,000  00 

July  1,  1880,  amount  expended  during  fiscal  year 2, 218  05 

July  1,  1880,  amount  available 8,781  95 


REPORT  OF  CAPT.  JOHN  J.  BARRY. 


l.'NiTKD  Statks  Stkamer  T.  B.  Florenck, 

Coldwater  Jiircr. 

Majob:  The  steamer  Florence  entered  the  Coldwater  November  22,  and  for  the  first 
15  miles  from  its  mouth  we  found  the  river  narrow  and  crooked,  with  a  great  many 
short  bends.    There  were  but  few  snags  in  this  stretch  of  the  river  and  not  enongh 
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to  do  any  serious  damage  when  the  channel  is  traveled,  the  leaninc  timber  being  cut 
out  by  us  as  we  went  up.  The  next  10  miles  of  the  river  we  found  in  rather  a  gocnl 
condition,  being  wide  and  straight  with  seareely  any  obstmctions,  and  none  that 
might  bo  considered  ver>'  dangerous  to  navigation.  This  brings  us  to  Beleii,  the 
head  of  navigation  on  the  Coldwater.  No  boats  go  higher  up  than  this  ixnnt.  there 
being  no  settlements  for  the  next  40  or  50  miles,  and  consequently  no  business.  The 
Florence,  however,  proceeded  about  15  miles  above  Belen.  After  leaving  Belen,  for 
the  first  5  miles,  we  had  no  trouble,  as  the  river  wasalxmt  8feet  above  low-water  mark. 
After  we  had  gom;  the  Hrst  5  miles  thi^  water  began  to  decline,  and  we  fonnd  a  great 
many  snags  and  stumps  of  trees  that  had  been  cut,  perhaps  by  the  gunboat  fleet  that 
came  through  the  Yazoo  Pass.  As  they  came  through  in  very  high  water  they  cut 
these  trees  high  up,  as  there  was  plenty  of  water  in  this  river  when  the  Yazoo  Pass 
was  ojien,  ami  now  these  stumps  in  some  places  are  3  or  4  feet  out  of  water,  and  a 
great  many  of  them  in  the  center  oH  the  channel.  It  takes  fully  a  10-foot  ri»<»  to  let 
a  boat  go  over  them  with  anything  like  safety;  the  river  was  more  or  less  this  way 
for  about  "2  miles,  and  th«*n  we  found  a  very  good  stretch  of  river  for  about  3  miles, 
with  very  few  snags.  Th<»  next  5  miles  was  not  so  good,  the  banks  being  lined  on 
both  sides  with  a  great  deal  of  leaning  timber,  which  we  proceeded  to  cut  down. 

Although  we  cut  down  all  the  leaning  timber  in  the  15  miles  above  Belen,  still  it  is 
not  safe  Sir  boats  to  go  much  higher  up  than  that  jtlace,  even  with  8  feet  of  water,  as 
some  of  the  stum))s  spoken  of  are  just  under  the  water,  and  as  there  is  but  little  or  no 
current  in  this  river,  there  is  no  break  on  the  top  of  the  water  to  indioftt-e  their  location 
and  you  cannot  find  them  unless  the  water  is  low  enough  for  them  to  be  seen,  or  to  do 
as  we  did,  take  a  skitf  and  hunt  for  them. 

Sometimes  we  would  tind  l\)nr  or  five  of  these  stumps  in  a  line  across  the  river  with 
scarcely  room  enough  to  go  Ix'tween,  for  when  the  Imat  is  swung  so  as  to  go  Iwtween 
them  tlierc^  is  <langer  of  knocking  a  hole  in  the  stem  as  she  swings  towards  the  Imnk. 
The  low-water  mark  is  about  Ui)  or  24  inches,  but  these  stumps  Indng  in  the  way,  to- 
gether with  the  leaning  trees  that  naturally  drop  into  the  river,  many  of  which  art» 
not  even  cov<*red,  navigati(Mi  above  Helen  is  so  obstructed  that  even  a  5  or  6  foot  rise 
is  of  no  us<»  to  st(*amboats  in  the  present  condition  of  the  river.  The  channel  is  al>out 
25  feet  wide  durhig  the  low-water  season,  which  continues  throughout  all  the  summer 
months,  subject,  however,  to  a  rise  after  a  heavy  rain  of  two  days,  whefo  the  river  will 
rise  5  or  G  inches  or  perhaps  a  foot,  but  goes  down  again  as  quickly  as  it  rose.  At  the 
time  the  Florence  <*nten'<l  the  Coldwater  we  had  about  8  f&et  ofw|it«r,  but  in  five 
days  it  had  fallen  almost  4  feet,  so  that  we  had  to  lay  up  at  the  bank  and  send  the 
men  up  the  river  in  Hkiit's  and  wait  for  another  ris<',*  which  occurred  in  a  few  days. 
Since  the  Yazoo  Pass  was  <r1osed  no  boats  have  attempted  to  go  higher  up  than  Belen, 
and  only  one  or  two  small  boats  have  gone  that  far  in  the  last  two  years,  they  coming 
late  in  the  s<'{ison. 

The  amount  of  work  done  by  the  steamer  Florence  during  a  i>ortion  of  the  mouths 
of  November  and  December  is  as  follows  : 

Total  number  of  cuts  made,  *2,1'25;  tc»tal  number  of  trees  ginlled,  652. 
Very  respect  fully, 

John  J.  Barry. 

Maj.  W.  H.  ir.  HKNVArHi), 

CorpH  of  Engineers^  U.  S.  J. 


EXAMINATION  OF  COLDWATKR  AND  TALLAIIATCHKK  RIVKRS.— REPORT  OF  MR.  JOSEPH 

BURXKY. 

United  States  Enoinker  Office, 

Memphifi,  TVfin.,  June  19,  188(). 

Major:  In  accordan(^e  with  yotir  instrnetions,  I  have  miule  an  examination  of  Cold- 
water  and  Tallahatchee  rivers,  running  through  the  counties  of  De  Soto,  Tunica, 
Coahoma,  Tallahatchee,  and  Le  Flore,  in  the  State  of  Mississippi,  and  respectfully 
submit  the  fidlowing  report : 

I  commenced  the  ejcamination  of  Coldwater  about  30  miles  below  Memphia,  Tenn., 

{proceeding  down  the  river  in  a  skift'  pulled  by  two  skiffmen.  For  the  first  60  milea,  to 
^rattsville,  tlu^  river  was  at  a  low  stag(^,  narrow  and  crooked,  and  We  met  a  neat 
number  of  jams  extending  across  the  river,  over  which  we  had  to  drag  our  skiff.  Near 
Prattsville  we  encountered  a  solid  Jam  about  one-fourth  of  a  mile  long,  and  on  walking 
down  the  bank  of  the  river  for  about  5  miles,  I  found  stweral  similar  Jams,  resembling 
those  on  Red  River  above  Shn-veport  before  tlieir  removal.  On  making  inquiries  I  was 
informed  the  Jams  exten<1(>d  for  a  considerable  distance  down  the  river,  and  that  they 
ha4l  been  in  for  a  number  of  years.  In  order  to  get  below  them  I  had  the  skiff  hanled 
by  wagon  to  Huilson's  Ferry,  a  <listauee  of  17  miles  by  land  and  about  60  milea  by 
water.    From  Huds<m*s  Ferry  ujjwards  I  found  the  river  entirely  nnsnitable  for  navi- 
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sable  piiipoHOB.  B^^low  tlio  ferry  th«  river  widened  ont  into  a  j?<hxI  niivii^uMe  river 
lor  25  DiileH,  when  it  became  attain  narrow  and  crooked  for  abont  5  niib'H.  We  found 
three  slight  janiH,  below  which  we  ittiMlily  ]>.'iMHed.  Beh)w  thiH  point  the  river  wan 
about  half-bank  full,  and  to  the  mouth  we  found  a  good  navigabh)  Rtage  of  water. 

In  passing  down  the  river  I  only  Haw  one  small  town  on  the  banks,  l<N'ate4l  about  25 
miles  above  the  mouth  of  the  river,  named  Biden,  it  contains  4  stores  and  about  50 
inhabitants.  The  navigable  }>ortion  of  Coldwater  nins  through  a  thinly  settled  coun- 
toy,  a  lar^e  portion  of  the  land  being  covered  with  heiivy  cane  and  timber.  Vep' 
little  business  is  done  on  the  river,  although  the  h)werpart  is  navigable  for  about  hix 
months  in  the  year.  I  was  informed  there  had  been  no  steamboats  on  it  for  many 
years,  with  the  excei>tion  of  the  ITnited  States  steamer  Fl<»rence,  which  went  uj)  tho 
river  40  miles  last  year  ini)>roving  the  channel.  TlitJ  only  wat-er  cmft  used  at  ])resent 
<m  the  river  c<msi8ts  of  ferry  boats  to  croHS  the  stream  at  various  points,  one  flat-boat 
to  carry  stavcH,  and  at  Belen  they  had  one  large  skitf  having  a  water-whe<d  worked 
by  hand,  capable  of  earring  25  bales  of  cotton,  and  two  large  dugouts  fastened  together 
and  capable  of  carr>'iiig  live  bales  of  cotton.  What  little  businesH  is  done  on  the  west 
bank  goes  to  the  Mississippi  Kiver  and  on  the  east  bank  to  the  Mississippi  and  Ten- 
nemee  Railroad. 

Tallahatchee  River  is  fonne<l  by  a  junction  of  Coldwater  and  Little  Tallahatchee 
riYerSy  in  Coalioma  County,  and  runs  to  its  mouth,  a  distance  of  about  210  mllcH,  where 
it  empties  into  the  Yazoo  River. 

From  the  month  of  Ccddwater  to  Sharkey's  Landing  on  the  Tallahat'Chee,  a  distance 
0f  100  miles,  the  river  runs  through  a  wild  and  thinly-settle<l  country. 

From  81iarfcey's  Landing  to  the  mouth,  a  distance  of  110  miles,  the  river  rans  through 
B  well  settled  and  very  rich  country,  being  on(i  of  the  finest  cotton  districts  in  the 
Southern  States.  During  the  cott^^'n  seasiui  two  steamboats  run  from  Vicksburg  to 
lUarkey's  Landing  every  week,  but  during  the  summer  season  this  is  reduced  to  one 
■team  boat  per  week. 

For  six  months  in  the  year  the  whole  of  the  Big  Tallahatchee  River,  and  for  100 
miles  np  the  Coldwater,  is  navigable  without  any  further  improvement. 

From  inquiries  made  from  planters  living  near  the  river,  an<l  trom  st^^amboat  men 
ronning  on  the  Tallahatchee  and  Yazoo  rivers,  I  am  informed  it  would  be  no  benefit 
to  improve  the  upper  pai*t  of  Tallahatchee  above  Sharkey's,  nor  any  portion  of  Cohl- 
water  River,  for  the  biminess  is  so  small  and  so  readily  accessible  to  the  Mississippi 
•Biyer  on  tlie  west,  and  to  the  Mississippi  and  Tennessee  Railroad  on  the  east,  that  the 
business  offered  on  the  river  would  not  be  sufficient  to  pay  a  single  sti^amboat  to  mn, 
consequently,  if  no  steamboat  wonld  run  on  that  {lart  of  the  two  rivers  any  improvo- 
jnent  made  wonld  be  uscdess. 

During  the  last  fall,  the  United  States  steamer  Florence  did  a  large  amount  of  work 
<m  Coldwater  and  Tallahatchee  rivers,  in  cutting  audremo>ing  overhanging  trees  and 
deadening  timber  on  the  banks;  the  work  done  below  Sharkey's  has  given  satisfaction 
to  the  steamboat  men,  but  the  work  done  above  that  point  they  state  iH  of  no  benefit 
to  them ;  they  rec^uest  me  to  respectfully  recommend  to  you  that  any  future  work  done 
on  the  Tallahatchee  River  should  be  done  below  Sharkey's  Landing,  and  that  it  con- 
aiflt  of  the  removal  of  snags  from  the  channel  by  a  light-draught  snagboat,  in  the  low- 
'water  season. 

I  have  the  honor  to  remain,  verj-  respectfully, 

Joseph  Burney. 

M^j.  W.  II.  H.  Bknyaurd, 
C^rpe  of  £ngine<rrfif  U.  S.  A. 


O  i6. 

IMPROVEMENT  OF  FOURCHE  LA  FP:VE  RIVER.  ARKANSAS. 

Instead  of  building  a  fat-boat  and  placing  upon  it  the  necessary 
machinery  for  pulling  siiags  and  reuioving  rocks,  as  originally  contem- 
plated in  the  project  for  the  iniprovement  of  this  stream,  a  complete 
outfit, consisting  of 3  barges, was  hire<l;  one  with  ste^m  power;  one  for 
the  working  p£a*ty  engaged  in  clearing  timber  from  the  banks  ]  and  a 
third  as  quarters  for  the  men. 

The  party  was  organized  and  left  Dardanelle,  Ark.,  August  28,  and 
arrived  at  the  mouth  of  the  Fourche  la  F^ve  the  following  day,  and  im- 
mediately commenced  work.  Edward  IT.  Flood  had  charge  of  the  opera- 
tions in  the  river. 
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The  following  is  a  statement  of  the  amount  of  work  done : 

Total  Dunber  of  trees  cut 6,687 

Total  number  of  snags  removed 890 

In  addition  to  the  above,  about  25,000  trees  on  both  banks  of  the 
river  were  deadened,  and  a  number  of  rocks  were  removed  firom  the 
shoals  at  Kirk's,  Turner  Eock,  Eed  Ferry,  Indian  Grave,  Piney  Point, 
and  Mrs.  May's. 

Extracts  from  Captain  Flood's  report  showing  the  condition  of  the 
river  and  amount  of  work  done  are  appended. 

The  bar  at  the  month  has  a  depth  of  from  2^  to  3  feet  of  water  when  the  river  is  at 
its  lowest  stage,  and  in  the  first  5  miles  there  is  an  average  depth  of  12  feet  in  the 
channel,  and  a  width  of  from  125  to  150  feet.  When  at  its  highest  stage  the  river  is 
over  :iOO  feet  in  the  clear.    The  banks  are  very  bluff. 

In  noticing  this  river,  I  find  that  when  the  Arkansas  River  is  above  the  level  of  the 
Fonrche  there  is  back  water  for  about  3  miles,  and  all  the  drift  remains  perfectly 
still,  and  it  is  only  when  there  is  a  heavy  rise  that  there  is  any  sort  of  a  carrent,  and 
this  is  the  reason  there  are  so  many  snags  in  it. 

After  taking  out  all  the  snags  in  the  first  5  miles,  I  had  to  remove  a  shoal  called 
King's  Shoal  about  5f  miles  above  the  mouth.  It  was  composed  of  small  loose  rockfl, 
which  wore  very  easy  to  remove.  Nearly  all  the  trees  cut  were  larg^^  ash  and  svoa- 
more,  many  of  them  were  leaning,  and  were  a  great  deal  of  trouble,  having  to  let  them 
fall  on  the  boats  and  then  carry  them  ashore. 

The  snags  were  principally  large  sycamores,  which  were  held  by  their  roots  and  had 
to  be  cut  in  small  pieces  and  carried  ashore,  as  they  were  too  heavy  to  float. 

Turner  Rock  Shoal,  about  ouehalf  a  mile  below'Red  Ferry,  and  about  300  yards  in 
length,  composed  of  solid  rock,  was  removed. 

On  October  16  I  commenced  breaking  out  large  pieces  of  slate-rock  from  Red  Ferry 
Shoal,  and  dii^^ing  away  at  least  10  feet  of  the  embankment  which  had  formed  and 
caused  a  bencl  in  the  river.  The  reason  I  operated  in  this  way  was  to  straighten  the 
river  and  give  the  water  a  better  sweep,  which  would  cause  the  bank  to  cave  in  very 
rapidly  when  the  river  rose.  This  shoal  so  far  was  the  worst  we  had  met  with,  having 
»t  least  18  inches  of  a  fall  over  it,  and  to  enable  me  to  get  the  boats  over  this  fall  I 
ha<l  to  build  a  temporary  brush-dam  to  give  sufficient  water-level  to  do  it. 

At  tln)  mouth  of  Mill  Croek  1  found  the  river  filled  with  sunken  timber,  and  it  was 
impossible  to  pass  the  boats  over  before  removing  it.  I  had  it  hauled  out  on  both 
banks,  leaving  about  2^  feet  of  water  at  that  place.  I  found  it  was  the  same  at  a  place 
calhul  Duck  Creek.  There  was  more  sunken  timber  in  this  portion  of  the  river  than 
any  we  had  worked  in  thus  far;  it  looked  as  if  it  were  matted  at  the  bottom  of  the 
riv(*r,  but  it  was  not  very  troublesome  to  pull  out. 

On  the  .'>tli  November  I  arrived  at  Indian  Grave  Shoal,  and  found  4  inches  of  water 
on  it ;  the  shoal  is  about  1^00  ftjot  long,  composed  of 'slate  rock.  A  passage-way  suffi- 
cient for  the  boats  to  navigate  was  cut  through. 

The  next  place  was  Piney  lN)int  Shoal,  about  400  feet  long  and  about  40  feet  in 
width  ;  there  was  only  3  inches  of  water  when  I  commenced  work  on  it,  which  I  deep- 
ened to  about  18. 

The  May  Shoal  was  the  next  one  which  I  could  not  pass  without  removing  a  large 
raft  of  100  sticks  of  timber  which  had  lodged  right  across  the  shoal;  after  removing 
the  raft  had  no  difficulty  in  getting  the  boats  through. 

I  did  not  find  as  many  snags  between  the  last  shoals  I  passed  as  I  did  in  the  lower 
river,  but  I  found  a  great  deal  more  leaning  timber,  which  was  cut  down  and  hauled 
out. 

On  December  30  I  reached  Perryville  and  made  arrangements  to  start  down  the  ' 
river. 

On  December  31  1  reached  Red  Ferry  Shoal  and  discharged  all  hands. 

On  the  way  down  the  river  I  was  accompanied  by  12  large  rafts. 

Number  of  trees  cut  down  during  the  months  of  August  and  September 1, 177 

Number  of  snags  pulled 800 

Number  of  trees  cut  down  during  the  nu)nth  of  October 665 

Number  of  snags  pulled 2B^ 

Number  of  trees  cut  down  during  the  month  of  November 1,605 

Number  of  snags  imlled  203 

Number  of  trees  cut  down  during  the  month  of  December 3,240 

Number  of  snags  pulled 804 
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Total  nnmberof  trees  cut 6,687 

Total  number  of  snags  pulleil 890 

In  addition  to  the  above  there  were  85,000  trees  dea(lene<l  on  both  banks  of  the  river. 
Have  also  cleaned  off  and  left  a  depth  of  at  least  18  inches  (at  low- water  mark)  on 
Kirk's,  Tomer's  Rock,  Red  Feny,  Indian  Grave,  Piney  Point,  and  Mrs.  May  shoals. 

I  could  not  do  any  work  on  Al ford's  Shoal  on  account  of  water,  there  being  at  least 
3  feet  of  water  over  it. 

There  was  also  removed  a  large  number  of  rafts  from  the  different  shoals,  so  as  to 
giye  me  a  chance  to  operate.  Tliere  was  also  taken  out  a  large  quantity  of  sunken 
Bmber. 

In  going  down  the  river  I  found  a  goo<l  many  trees  with  limbs  overhanging  the 
stream,  which  were  not  in  the  way  during  low-water;  these  I  removed,  and  also  any 
cUift  which  I  found  had  lodged. 

The  last  rise,  which  I  mentioned  in  reiwrt  No.  17,  cleaned  out  the  river,  and  carried 
with  it  all  the  loose  timber  lying  on  the  banks,  leaving  a  dcx)th  of  at  least  12  feet  on 
the  outer  bar  at  the  month. 

Taking  a  ji^neral  view  of  the  river  since  the  work  has  been  done,  I  think  it  is  one 
1^  the  prettiest  in  Arkansas. 

The  amount  asked  for  for  June,  1882,  will  be  expended  in  improving 
the  shoal  places  in  the  river  and  removing  all  obstructions  from  the 
bed  and  banks  of  the  stream. 

The  appropriations  made  are  as  follows : 

By  act  approved  March  3,  1879 $10,000 

By  mot  approve<lJune  14,  1880 4,000 

For  port  of  entry  and  collection  district,  see  report  for  improving  har- 
bor and  Mississippi  Eiver  at  Memphis,  Tenn. 

Money  statetnent. 

July  1,  1879,  amount  available $10,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 4, 000  00 

$14, 000  00 

July  1,  1880,  amount  expende<l  during  fiscal  year 9, 200  26 

July  1,  1880,  amount  available 4,799  74 

Amount  that  can  be  in-otitably  expended  in  fiscal  year  ending  June  30, 1882.      5, 000  00 


O  17. 

IMPROVKMENT  OF  SALINE  RIVER,  ARKANSAS. 

S"o  work  ha«  heretofore  been  done  on  this  stream.  During  the  com- 
ing season  it  is  proposed  to  remove  the  obstnictions  fi*om  the  bed  and 
banks  of  l^e  stream.  For  this  purpose  a  flatboat,  provided  with  the 
necessar>'  machinery  and  outfit,  will  be  employed. 

With  the  appropriation  asked  for  the  fiscal  year  ending  June  30, 1882, 
it  is  projiosed  to  continue  the  improvement  in  the  same  way  as  above. 

The  original  estimate  for  the  improvement  of  this  river  was  $30,151. 
Ajnount  ai»pn)priated  ))y  act  ai>prov(id  June  14,  1880,  $7,500. 

COMMERCIAL  STATISTICS. 

The  amount  of  commorce  carried  on  during  a  i>erio<l  of  six  months  of  the  year  em- 
braced about  20,000  bales  of  cotton,  ))esidrs  a  large  quantity  of  hides,  tobacco,  staves, 
timberi  &c.    To  this  sliould  be  ad<l<Ml  a  corresponding  amount  of  return  freight. 
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It  is  said  by  many  cotton  growers  and  storekeepers  along  tlie  stream  tbat  if  tlie  Davi- 
gation  of  the  iSalino  River  were  improved  the  value  of  freight  trausportatiou  would 
amount  to  over  i^yOCXyXK)  per  annum. 

For  port  of  eotry  and  collection  district  see  report  for  improving 
Ouachita  Eiver,  Arkansas  and  Louisiana. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 |7, 500  00 

July  1,  18^^  amount  available 7,500  00 

Amount  (estimated)  required  for  completion  of  existing  project 22, 651  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1682.  12, 000  00 


O  i8. 

IMPROVEMENT  OF  BLACK  RIVER,  ARKANSAS. 

No  work  lia«  heretofore  been  done  upon  this  stream.  With  the  appro- 
priation of  $15,000  it  is  i)roposed  to  employ  a  light-dranght  boat,  prop- 
erly equipped,  and  with  a  full  working  force  engaged  iu  removing  ob- 
structions from  the  bed  and  banks  of  the  river.  Parties  will  also  be 
engaged,  as  far  as  the  appropriation  w  ill  admit,  in  deepening  some  of 
the  shoal  i)laces  and  in  building  dams  at  the  head  of  Big  Island  and 
other  points  for  the  purjiose  of  concentrating  the  water  when  at  a  low 
stage  into  a  single  channel 

With  the  ai)propriation  of  $15,000  asked  for  it  is  proposed  to  continue 
the  above  work.  The  total  estimated  cost  of  this  improvement,  includ- 
ing light-dmught  boat,  was  $80,800. 

COMMERCIAL  STATISTICS. 

I*Yom  the  Upper  Black  great  quantities  of  staves  are  taken  for  export  to  foreign 
port«,  and  from  the  Lower  Ulack  it  is  estimated  that  from  10,000  to  12,000  bales  of  cot- 
ton are  shipped  to  the  Memphis  and  other  market-s,  and  other  shipinents  (amount  not 
known)  go  over  the  Saint  Louis  and  Iron  Mountain  Railroad  to  Saint  Loaia.  If  the 
river  were  improved,  skdding  addititmal  facilities  for  handling  the  crops,  there  Is  no 
doubt  but  what  the  cotton  shipments  would  be  increased. 

For  collection  district  and  port  of  entry,  see  report  for  improving  Mis- 
sissippi lliver  and  harbor  at  Memphis,  Tenn. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 $15, 000  00 

July  1,  1880,  amount  available 15,000  00 

Amount  (estimated)  rei^uired  for  completion  of  existing  project 65, 800  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  encling  Jane  30, 1891.     15, 000  09 


examination  of  black  river,  missouri  and  arkansas^ 

United  States  Engineer  Officb, 

Memphis^  Tenn.y  December  20, 1879. 

General  :  I  have  the  honor  to  present  the  following  report  upon  the 
examination  of  Black  River,  Missouri  and  Arkausas,  provided  for  by 
act  of  Congress  approved  March  3, 1879,  and  assignea  to  me  by  letter 
dated  April  25, 1879. 
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This  examination  was  made  with  a  view  of  determining  the  cliiiracter 
of  the  stream,  the  nature  of  the  obstrnctions,  and  cost  of  removal  of 
same,  and  the  amount  of  commerce  to  be  benefited.  The  operations  in 
the  field  were  conducted  by  Mr.  I.  D.  McKown,  assistant  engineer,  and 
extended  from  Poplar  Bhift',  Mo.,  to  Jacksonport,  Ark. 

Examinations  of  this  stream  were  made  under  the  direction  of  Lieu- 
tenant-Colonel liaynolds  in  1871,  by  Mr.  John  S.  Tennyson,  from  Poca- 
hontas to  the  mouth,  and  in  1872,  by  Mr.  A.  II.  Blaisdell,  from  Poplar 
Bluff  to  Pocahont<as.  From  these  different  reports,  full  and  detailed  in- 
formation regarding  the  obstructions  has  been  obtained,  which  enables 
us  to  present  estimates  for  the  improvement  of  the  river. 

Black  Eiver  is  a  tributary  of  White  Eiver,  heading  in  the  southeast- 
em  part  of  Missouri,  and,  flowing  in  a  general  southwesterly  direction, 
empties  into  the  White  about  half  a  mile  above  Jacksonport,  Ark.  It 
has  a  number  of  tributaries,  the  principal  ones  being  Cane  Creek,  Cur- 
rent Biver,  and  Fourche  de  Mas,  while  at  difi'erent  points  it  divides  it- 
self into  two  branches,  forming  separate  channels,  such  as  Dan's  River, 
Little  Biver,  and  Catharine  Slough.  In  addition,  there  are  numerous 
sloughs  leading  oif  from  the  main  river  into  the  bottom  lands  on  either 
side  ]  the  drainage  area  of  the  whole  being  estimated  at  about  8,000 
square  miles. 

It  is  considered  necessary  to  improve  only  that  portion  of  the  river 
between  Poplar  Bluft'  and  the  mouth ;  the  estimated  distance  being 
about  300  miles. 

The  banks  of  the  river  arc  of  a  firm  material,  but  little  liable  to  cave, 
and  therefore  any  improvement  that  may  be  undertaken  would  be  com- 
paiatively  i)ermanent. 

During  extreme  high-water  the  banks  and  bottom  lands  are  in 
many  places  liable  to  overflow.  The  extremes  of  high-water  vary 
from  18.5  feet  at  Poplar  Bluff  to  26.25  feet  at  Pocahontas.  The  river 
bed  is  generally  sandy ;  on  its  lower  i)arts  sand  and  clay  sometimes  min- 
gled with  muscle-shells  and  fine  gravel.  The  general  width  between 
banks  on  the  upper  section  of  the  river  is  about  130  feet,  and  on  the 
lower^  say  below  the  mouth  of  Current  Biver,  the  average  width,  is 
about  250  feet. 

The  general  obstructions  to  navigation  are  shoals,  snags,  logs,  and 
leaning  timber.  About  four  miles  above  the  head  of  Little  Biver,  the 
Saint  Louis,  Iron  Mountain  and  Southern  Eailroad  has  constructed  a 
bridge  of  a  single  fixed  span  of  160  feet  across  the  river,  the  heigM  of 
the  lower  chord  of  the  bridge  being  only  11  feet  above  low-water ;  it  is 
therefore  a  complete  obstruction  to  the  navigation  of  the  river  above. 

For  convenience  the  river  is  divided  into  two  divisions,  viz,  from 
Poplar  Bluff  to  Current  Biver,  a  distance  of  about  146  miles,  and  from 
Onrrent  Biver  to  the  junction  with  the  White.  In  the  first  division 
there  are  fifty*seven  shoals,  covering  an  aggregate  length  of  37  miles, 
the  depth  of  w^ater  over  these  shoals  being  never  less  than  two  feet  ex- 
cept in  one  or  two  instances.  In  the  second  division  there  are  twenty- 
one  shoal  places,  the  depth  of  water  over  them  varying  from  two  feet 
to  two  and  one  half  feet.  A  list  of  these  shoals  taken  from  the  reports 
^3Te  referred  to  is  here  inserted : 
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Name. 


Henderson 

Nonune 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Cox's  Ford 

Fish  Trap 

No  name 

Do 

Rocky  Ford 

Russell's  Ferry 

Noxame 

Shoals  of  Pocahontas 
No  name 

Do 


Do. 
Do. 
Do. 
Do 


Spring  River 

Devil*«  Race  Paths 

Lower  Devil's  Race  Path  . 

Eagle's  Nest 

No  name 

Powhatan 

No  name 

Do 

Do 

Tim'      'ictory 

Berkeley's 

Little  Paroqnitt 

Paroqiiitt 

No  name 


Feet 
600 
000 
300 
150 
300 
150 
150 
175 
250 
300 
220 
100 
120 
76 
100 
150 
300 
150 
150 

1,000 
400 
150 
600 
350 
100 
250 
400 
650 
150 
250 

1,800 
300 
100 
350 
300 
200 
300 
200 
75 
250 
100 

2.400 
2:10 
250 
300 
100 
200 
300 
600 
100 

1,000 
75 
900 
150 
300 
450 
000 
800 
400 
500 
350 
600 
500 
300 
700 
850 
700 
350 
450 
000 
400 
350 
500 
350 
'AM) 
500 
450 


2to 
2to 
2to 


2.5 

3 

3 

3 

3 

2.5 

2.5 

3 

2.5 

2.8 

2.5 

2.5 

3 

3 

3 

3 

8. 

3. 

3. 

3 


5 
2 
5 


Channel  in  low- 
water. 


Width. 


Feet. 
40 
60 
80 
35 
85 
80 
35 
80 
80 
40 
40 
80 
25 
40 
30 
80 
40 
80 
80 
80 
30 
20 
40 
80 
50 
40 
40 

'  80 
80 
40 
90 
20 
30 
80 
40 
35 
35 
40 
30 
60 
40 
30 
40 
40 
.50 
50 
50 
60 
40 
40 
180 
30 
.50 
30 
40 
60 
60 
40 
40 
40 
45 
40 
45 
35 
40 


2.5 

3 
2to8 
2to8 

2.5 

3 

2.8 

8.8 

3.3 

3 

3.5 

8 


3 
3 


1 


3 
5 
5 

m 

o 
5 
5 
2 


2.3to 
2.5to 

2. 5  to 

1. 5  to  3 

3  to  4 

2to3 

5  to  3. 

2. 

2. 

2. 

2 

2.5 
2.5 
2 
2  to  2.  5 

3 
2  to  3 
2.4 
2.6 
2.4 
2.6 
2 

2.4 
2.4 
2.4 
2.3 
2.3 
1.10 
2.3 
2.3 
2.3 
2.3 
2.0 
2.6 
2.5 
2.6 
2.6 
2.6 


Remarks. 


Gravel  and  sand  bottom;  logs  in  channel. 

Sand  bottom. 

Sand  bottom. 

Gravel  and  sand  bottom. 

Gravel  and  sand  bottom. 

i  >  Bottom  of  snags  imbedded  in  sand. 


Used  as  a  ford. 


All  these  shoals  oeenr  in  bends.    The 
-    river  itself  is  very  narrow  in  this  lo- 
cality. 


At  month'of  Dan's  River. 


\ 


In  bend  Roaitng  "ont-oft" 


Sand,  with  mascle-shells. 


Between  these  limits  there  is  a  gensrm) 
good  depth  of  water. 


In  many  of  these  sbosls  tha  bottom  Is 
>    overgrown  by  a  species  of  grass  whioh 
ix'uders  the  bottom  very  hard. 


lKS".2j}«~ky*»»'"»- 


_    I 


35 
35 
33 
35 
35 
35 
40 
40 
33 
40 
40 
45 
40 


Rocky  bottom ;  fUl  .25.  j 

Sand  bottom. 

Sand  and  muscle-shells  on  bottom. 

Rocky  bottom. 

Gravel  bottom. 

Gravel  bottom. 

Two  large  loose  rocks  in  cbanneL 

Gravel  TOttom. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
IjOf^s  on  the  bottom.    . 
(iravi'l  bottom. 
Gravel  bottom, 
(travel  and  logs. 
Gravel  and  logs. 
Gravel  bottom. 
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In  addition  to  the  shoals  there  are  a  great  Dumber  of  leaning  trees 
which  should  be  cut  down,  and  numerous  snags  that  ought  to  be  removed. 

Some  improvements  were  attempted  in  former  years  ui)on  the  Ui)per 
Black  by  the  State  of  Missouri,  the  money  being  raised  by  donation  of 
swamplands;  nothing,  however,  was  attempted  beyond  cutting  down 
leaning  timber  and  removing  snags  in  the  vicinity  of  Poplar  Bluff. 

The  stream  is  regarded  as  affording  very  good  facilities  for  navigation. 
A  regular  line  of  boats  has  for  several  years  past  been  plying  between 
points  on  the  Lower  White  and  Pocahontas  on  the  Black.  If  the  improve- 
ment of  the  river  be  carried  on,  it  will  add  greatly  to  the  (commercial  and 
agricultural  interests  of  the  country  tributary  to  the  river. 

Regarding  the  improvement,  as  the  character  of  the  stream  is  such  as 
not  to  admit  of  its  navigation  by  boats  of  a  large  size  or  carrying  capac- 
ity during  the  low- water  season,  it  is  recommended  to  remove  the  snags, 
logs,  &c.,  cut  down  the  leaning  timber,  improve  several  of  the  shoal 
places,  and  close  up  several  of  the  small  sloughs  where  the  channel  is 
divided,  thus  concentrating  the  water  into  single  channels. 

Above  the  mouth  of  Current  River  it  is  recommended  to  deepen  a  few 
of  the  shoal  places,  otherwise  to  confine  the  work  to  the  removal  of  snags, 
&C.,  and  the  cutting  down  of  leaning  timber;  also,  at  the  head  of  Big 
Island,  where  the  river  divides  itself  into  two  channels,  to  put  a  dam 
across  the  head  of  Little  River,  and  confine  the  water  to  the  main  chan- 
nel. A  few  small  sloughs  below  would  require  similar  treatment ;  about 
500  feet  of  dam,  including  that  at  Little  River,  would  be  sufficient  for 
the  upper  division. 

Below  the  mouth  of  Current  River,  in  addition  to  leaning  timber,  &c., 
there  are  three  shoals  requiring  improvement,  viz :  Devil's  Race  Path, 
Bagle  Nest  Shoals,  and  shoals  at  the  mouth  of  river.  The  Devil's  Race 
Path  Shoal  is  of  gravel  bottom.  The  water  is  divided  into  two  channels 
and  could  be  improved  by  constructing  a  dam,  closing  up  one  of  the 
ehutes. 

Eagle's  Nest  Shoal  is  also  gravel  bottom.  It  has  the  least  depth  over 
it  of  all  the  shoal  places  noted — only  about  22  inches  at  extreme  low 
water.  A  wing-dam  to  contract  the  waterway  and  deepen  the  channel 
would  improve  it. 

The  shoal  at  the  mouth  is  probably  the  most  troublesome.  Sunken 
logs  firmly  imbedded  in  the  bottom  obstruct  the  channel,  rendering  the 
passage  of  steamers  difficult  and  somewhat  dangerous  at  low- water.  If 
these  were  removed,  and  a  low  dam  built,  it  would  make  a  desirable  im- 
provement. 

For  the  improvement  of  Black  River  I  estimate  as  follows : 

1  amall  liffht-draught  boat (t20,000 

t  aeasonr  work.  7  mouths  in  each  season,  at  $2, 200  per  mouth 30,  KOO 

Cutting  trees  along  the  bank,  two  seasons'  work 8, 000 

ISOO  feet  of  dam,  at  $4  per  foot 14,000 

Engineering  and  contingencies 8,000 

80,000 

I  have  estimated,  as  will  be  observed,  for  a  small  light-draught  snag- 
boat.  Such  an  one  is  required  not  only  on  Black  River,  but  on  many 
other  small  streams  of  like  character  that  need  improving  in  this  section 
of  the  country,  and  upon  which  the  ordinary  light-draught  snagboats  now 
in  service  cannot  be  used. 


t 


COMMERCIAL  STATISTICS. 


From  the  Upper  Black  great  quantities  ot  staves  are  taken  tor  expoit 
to  foreign  ports,  and  from  the  Lower  Black  it  is  estimated  that  from 

84  E 
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10,000  to  12,000  bales  of  cotton  are  sliipped  to  the  MemptiiB  wd  other 
markets,  and  other  shipments  (amount  not  known)  go  over  the  Saint 
Louis  and  Iron  Mountain  Eailroad  to  Saint  Louis.  If  the  river  wi^re 
improved,  adding  additional  facilities  for  handling  the  crops,  there  is  no 
doubt  but  what  the  cotton  shipments  would  be  greatly  increased. 
Very  respectfully,  your  obedient  servant, 

W.  H.  H.  Benyaukd, 


Brig.  Gen.  H.  G.  Wrioht, 

Chief  of  UJngineerSj  U.  8.  A, 


Mayor  of  Engiiieers. 


O  19. 

IMPROVEMENT  OF  BIG  HATCHIE  RIVER.  TENNESSEE. 

Ko  work  has  heretofore  been  done  by  the  government  upon  this  stream. 
During  the  coming  season  it  is  proposed  to  procure  a  light-draaght 
steamboat,  and  witiii  a  proper  working  force  engage  in  the  removal  of 
such  obstructions  as  will  aid  the  safe  navigation  of  the  stream  and  fiEU>ili- 
tate  the  shipment  of  the  produce  of  the  adjacent  country.  With  lihe 
amount  asked  for  for  June,  1882,  it  is  proposed  to  continue  tde  same 
work. 

The  original  estimate  for  tbe  improvement  of  the  Hatohie  was  |:)0,000. 
The  amount  appropriated  by  act  approved  June  14,  1880,  is  tlO,0(X). 

COMMERCIAL  STATISTICS. 

The  Hatchie  River  runs  through  an  old-settled  and  well-cultivated  country,  when  a 
large  amount  of  cotton,  com,  cattle,  and  other  stock  is  raised,  and  on  the  oankB  are 
very  valuable  timber  lands,  from  which  a  large  amount  of  saw-Iocs  are  obtained,  ttnd 
upwards  of  400,000  white-oak  staves  are  shipped  annually  to  the  New  OrleanB  market. 

Memphis  is  the  natural  market  for  the  sale  of  cotton  and  for  obtaining  suppliea  for 
this  district,  but  the  railroads  have  so  arranged  their  freight  charges  tl^  tilieDiuiiness 
has  been  done  at  other  points.  At  Estoynella,  about  100  miles  from  Bolivar,  the  {pro- 
duce has  to  be  hauled  from  12  to  15  miles  to  the  railroad ;  but  should  the  river  be  im- 
proved and  open  to  navigation  the  distance  to  steamboat  landings  would  be  short. 

The  price  for  carrying  a  bale  of  cotton  by  railroad  from  Bolivar  to  Memphia,  a  dis- 
tance of  70  miles,  was  i^.75,  and  it  has  lately  l)een  increased  to  $3.25.  The  charge 
from  Bolivar  to  New  Orleans,  a  distance  of  over  400  miles,  is  also  $3.25.  By  steamboat 
cotton  can  be  carried  for  $1.50  per  balc^  and  it  is  estimated  that  15,0(K)  biUes  wonld  be 
transported  annually,  which  would  eflect  a  saving  on  freight  of  not  less  than  $1  per 
bale,  making  (15,000 ;  and  estimating  a  saving  on  return  freight  at  the  same  amoimt, 
an  annual  saving  of  $30,000  would  be  made  were  the  river  opened  to  safe  nayig|kti<m. 

For  collection  district  and  port  of  entry,  see  report  for  improving  har- 
bor and  Mississippi  Eiver  at  Memphis,  Tenn. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $10, 000  00 

July  1,  1880,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     10, 000  00 


EXAMINATION   OF  BIG  HATCHIE  BIVEB,  TENNESSEE. 

United  States  ENaiNBEB  Offiob, 

MemphiSj  Tenn.y  December  20, 1£79. 

General:  I  have  the  honor  to  transmit  herewith  the  report  of  Mr. 
Joseph  Burney,  assistant  engineer,  upon  the  examination  of  Big  Hatchie 
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Biyer,  Tennessee,  made  under  my  direction  in  accordance  with  instrao- 
tioDS  fiN)m  your  office  under  date  of  June  16  last  The  sum  allotted  for 
tae  work  was  from  the  appropriation  of  August  14, 1876,  <<for  examina- 
tions and  surveys  of  such  rivers  and  harbors  as,  in  the  judgment  of  the 
Secretary  of  War^  will  subserve  the  general  interests  of  commerce.^ 

^e  question  or  making  an  examination  of  Hatchie  Biver  was  referred 
to  me  in  March,  1877;  but  at  that  time  an  act  of  the  legislature  of  the 
State  of  Tennessee  was  in  force,  which  declared  that  the  river  was  not 
a  navigable  stream,  whereby  the  railroad  companies  were  allowed  to  build 
bndges  without  draws  across  the  river.  Under  such  a  condition  of  affiurs 
nothing  was  attempted  by  the  United  States  in  the  way  of  making  the 
contemplated  examination.  The  act  referred  to  was  repealed  at  the  last 
session  of  the  legislature,  and  Hatchie  Eiver  is  again  open  to  navigation, 
the  railroad  companies  having  altered  their  bridges  to  conform  to  the 
law. 

The  examination  extended  from  Bolivar  to  the  mouth,  a  distance  esti- 
mated at  240  miles,  and  was  made  when  the  river  was  at  its  lowest  stage, 
and  consequently  all  obstructions  to  navigation  were  noted.  These  ob- 
atructions  consist  of  snags,  logs,  and  leaning  timber,  and  their  removal 
would  constitute  the  principal  improvement  to  be  carried  on,  in  order 
to  render  theHatchie  a  navigable  stream  for  light-draught  boats  through- 
out the  entire  year. 

The  opening  of  this  river,  which  flows  through  the  richest  and  most 
productive  region  of  West  Tennessee,  will  greatly  promote  the  agricul- 
tural and  commercial  interests  of  that  section,  and  will  furnish  an  addi- 
tional outlet  for  the  transportation  of  the  productions  to  market  at  a 
greatly  r^uced  cost. 

In  addition  to  the  shipments  of  stiives,  which  are  transported  for  home 
ud  foreign  markets,  it  is  estimated  that  15,000  bales  of  cotton  will  be 
chipped  m)m  the  river,  finding  a  market  in  Memphis. 

!nie  estimated  cost  of  the  improvement  of  the  river  is  $30,000. 
Very  respectfiilly,  your  obedient  servant, 

W.  H.  H.  Benyaubd, 

Major  of  Engineers. 

Brig.  Cten.  H.  G.  Wright, 

Chief  of  Engineers,  U,  S.  A. 


RBPOKT  OF  MK.   JOSEPH   BURNEY,   ASSISTANT  ENGINEEK. 

Memphis,  Texn.,  December  11,  1879. 

Major  :  In  accordance  with  your  instructions  to  make  an  examination  of  the  Big 
Hutcthie  River  from  Bolivar  to  the  month,  with  an  estimate  for  improving  the  naviga- 
tion of  the  same,  I  respectfully  submit  the  following  report : 

Upon  receiving  your  instructions,  I  immediately  proceeded  to  Bolivar,  Tenn.,  pur- 
thaaod  a  skiff,  engaged  two  boatmen,  and  proceeded  slowly  down  the  river,  making 
ingniries  and  observations  at  every  possible  point  alon^  the  way. 

The  Hatchie  River,  from  Bolivar  to  the  mouth,  is  in  the  State  of  Tennessee,  and 
mns  throngh  the  counties  of  Lauderdale,  Tipton,  Haywood,  and  Hardeman,  a  dis- 
tenoe  estimated  at  240  miles,  entering  the  Mississippi  Kiver  60  miles  above  Memphis. 
I  consider  the  river  equal  in  size  to  the  Yazoo  River  in  Mississippi  and  the  Ouachita 
River  in  Lonisiana  and  Arkansas,  and  capa])le  of  being  navigated  by  boats  of  a  capac- 
ity adapted  to  those  streams. 

Before  the  year  1866  the  Hatchie  River  was  a  lawful  navigable  stream,  and  from 
•be  to  seven  steamboats  were  fully  employed  during  the  cotton  season,  some  of  which 
were  side-wheel  boats,  having  a  carrying  capacity  of  from  1,&00  to  1,dOO  bales  of  cot- 
ton. Havigpktion  was  not  even  suspend^  during  the  lowest  stage  of  water,  fbr  there 
is  always  saffioient  depth  for  boats  drawing  2  feet. 

Abont  the  year  1858  the  State  of  Tennessee  appropriated  (32,000  for  the  improve- 
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ment  of  the  river,  the  expenditure  of  which  placed  the  atream  in  a  navigable  condition, 
and  a  very  large  amount  of  business  was  done  upon  it.  In  the  year  1866  the  State 
legislatuie  of  Tennessee  declared  the  Hatchie  to  be  an  unnavigable  stream,  and  gave 
permission  to  the  Mississippi  Central,  the  Memphis  and  Louisville,  and  Memphis  and 
Paducah  Railroad  Companies  to  construct  bridges  across  it,  which  created  an  effeotOAl 
blockade,  and  although  many  attempts  have  since  been  made  to  navigate  the  river, 
which  has  led  to  much  litigation,  and  the  United  States  remaining  silent  on  the  ques- 
tion, navigation  has  been  entirely  suspended. 

During  the  present  year  the  legislature  repealed  their  former  act  and  declared  the 
Hatchie  once  more  to  be  a  navigable  stream,  and  ordered  the  Memphis  and  Louisville 
Railroad  Company  to  alter  tbeir  bridge  and  put  in  a  draw  span. 

The  principal  obstructions  to  navigation  are : 

1st.  The  iron  bridge  across  the  river  near  Brownsville,  Tenn.,  belonging  to  the  Mem- 
phis and  Louisville  Railroad  Company.  The  bridge  is  now  being  altered  so  as  to  make 
it  a  drawbridge,  and  will  soon  be  completed,  which  will  entirely  do  away  with  this 
obstruction. 

2d.  The  Memphis  and  Paducah  Railroad  bridge  near  Covington,  Tenn.  This  bridge 
is  constructed  of  wood  and  can  easily  be  removed. 

34I.  The  leaning  trees. 

4th.  The  snags,  of  which  there  area  great  number,  making  it  very  difficult  and  dan- 
gerous for  the  steamboats  to  navigate  the  river  until  they  are  removed. 

After  a  careful  examination,  and  after  consulting  experienced  river  men,  I  estimate 
that  it  will  take  three  years  to  thoroughly  improve  the  river,  at  a  cost  of  $30,000. 

I  would  respectfully  recommend  that  the  work  be  done  by  chartering  a  light-draught 
steamboat  with  a  working  crew,  to  remove  the  obstructions  from  the  nver  and  cut 
down  the  leaning  trees.  The  expense  of  such  a  boat  and  crew  would  be  from  $100  to 
$120  per  day ;  this  would  allow,  say : 

Four  months'  work  in  1880 $15,000 

Three  months'  work  in  1881. 10,000 

Two  months' work  in  1882 6,000 

Total  estimate 30,000 

The  Hatchie  River  runs  through  an  old-settled  and  well-cultivated  country,  where 
a  large  amount  of  cotton,  com,  cattle,  and  other  stock  is  raised,  and  on  the  banks  are 
very  valuable  timber  lands,  from  which  a  large  amount  of  saw-logs  are  obtained,  and 
upwards  of  400,000  white-oak  staves  are  shipped  annually  to  the  New  Orleans  market. 

Memphis  is  the  natural  market  for  the  sale  of  cotton  and  for  obtaining  supplies  for 
this  district,  but  the  railroads  have  so  arranged  their  freight  charges  that  the  bnaineaB 
has  been  done  at  other  points.  The  price  for  carrying  a  hale  of  cotton  £rom  Bolivar 
to  Memphis — a  distance  of  70  miles — wa-s  $2.75,  and  it  has  lately  been  increased  to 
$3.35.  The  charges  from  Bolivar  to  New  Orleans — a  distance  of  over  400  miles — ^is  also 
$3.25.  At  Estoyiiella,  about  120  miles  from  Bolivar,  the  produce  has  to  be  hauled  from 
12  to  15  miles  U)  the  railroad,  but  should  the  river  be  improved  and  open  to  naviga- 
tion the  distance  to  steamboat  landings  would  be  short.  Cotton  can  be  carried  on 
steamboats  for  $1.50  per  bale,  and  it  is  estimated  that  15,000  bales  would  be  trans- 
ported annually,  which  would  effect  a  saving  in  freight  of  not  less  than  $1  per  bale, 
making  $15,000;  and  estimating  a  saving  on  return  freight  at  the  same  amount,  an 
annual  saving  of  $^{0,000  would  be  made  by  the  river  being  open  to  navigation. 

Since  the  State  legislature  has  declared*  the  river  to  be  a  navigable  stream,  thus 
adding  240  miles  to  the  navigable  rivers  of  the  United  States,  a  company  has  been 
formed  at  Memphis,  with  a  capital  of  $25,000,  to  run  two  steamboats  from  Memphis  to 
Bolivar;  but  until  the  channel  is  improved  navigation  will  be  very  dangerous,  and 
ooust^quently  freight  charges  must  be  high. 

I  believe  that  $30,000  would  thoroughly  improve  the  river  and  be  of  great  benefit 
to  the  inhabitants  of  West  Tennessee. 

I  have  the  honor  to  remain,  very  respectfully, 

Joseph  Bubkst. 
MiJ.  W.  H.  H.  Benyaurd, 

Corps  of  Engineers y  IT.  S»  A, 


O   20. 
IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  NATCHEZ  AND  VIDALIA. 

¥0  work  has  heretofore  been  done  at  this  locality.    With  the  appro- 
priation of  $40,000  made  by  act  of  Congress  approved  June  14  it  is  pro- 


B|iosec{  U)  commence  the  revetment  and  pratcctiou  of  tliu  Louisiana  shore 
along  Marengo  Bend,  in  order  to  stop  the  caving,  and  ao  prevent  tbe 
Missiseippi  Biver  from  cutting  iato  Lake  Concordia.  Work  will  com- 
meuce  as  soon  b»  the  stageof  water  will  allow. 

With  tlie  appropriation  a«ked  for  the  fiscal  year  ending  June  30, 1882, 
it  is  proposed  to  (continue  tlie  work  at  two  points,  Giles  Bend  and  Ma- 
rengo Bend.    The  total  estimated  cost  of  thla  work  was  $939,600. 

The  amount  of  uitt-oniiliippeil  from  this  tiurt  dnritig  themoutbof  Juno  wa«;llQ  tiafeai 

_._!..     ^  j^j^j  ^f  26,913  balug  of  cHttou  8fiipi)c4  between  Septembar  1,  ld79,  and  Jnly 

beaides  a  correapomling  ftmouiit  of  return  freight.     The  port  of  entry  is  New 

Motley  statement. 

Amount  »ppn)priat«d  b}'  act  ai)pruved  June  14,  1880 £40,000  00 

Jnly  I,  ISr^i  amount  available - 40,000  00 

Amount  (cstiumted)  renoirodfor  completion  of  existing  project  , 899,000  00 

'~ioiiDtthatcanbF!proAtab)yexpcaiIedin&BcalyearenilingJDne30,188!i.  150,000  00 
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'ROVEMENTOFTHE  MISSISSIPPI  RIVER  AND  HARBOR  AT  VICKSBURO, 
MIS.SISSIPPI. 

Operations  upou'the  work  for  the  protection  of  the  Delta  Point  were 
resumed  in  Jane,  1870,  and  continued  until  alioiit  the  middle  of  August. 
when  there  was  an  entire  suspension  of  the  work  ordered,  on  account 
of  the  fears  of  certain  people  that  yellow  fever  would  break  out  among 
the  force  of  laborers  employed,  and  spread  through  the  surrounding 
countrj'.  Work  was  resumed  after  a  month's  delay,  and  continued  untfl 
January,  when  the  water  in  the  Mississippi  became  so  high  tliat  it  was 
absolutely  necessary  to  suspend. 

Over  4,000  feet  of  bank  has  been  revetted,  and  thus  far  has  success- 
ftiUy  prevented  the  further  caving  of  the  bank  where  applied.  There 
still  remains  to  be  protected  about  1,200  feet  between  the  upper  and 
lower  di%'ision8  of  the  work,  and  abont  2,300  feet  below. 

The  ap|)ropriatiou  made  by  act  of  June  14  is  so  small,  comparatively, 
that  it  will  not  go  very  far  towards  the  completion  of  the  work.  With 
it  I  propose  to  eoutiuue  the  revetment,  and  repair  and  maintain  tbe 
stability  of  that  already  done. 

The  original  recommendations  of  the  Board  of  Engineers  were  that 
tbe  work  should  be  carried  out  in  the  following  order:  Ist,  protection 
of  the  Delta  Point;  2d,  constrnetiou  of  tbe  bar  dike;  3d,  dredging  out 
the  inner  harbor.  To  that  intent,  operations  have  been  confined  to  the 
first  pur£>08e.  The  object  of  the  bar  dike  was  to  cot  off  tbe  eddy  cur- 
rent, and  prevent  the  filling  np  of  the  inner  harbor.  The  position  of 
this  bar  dike  was  on  the  crest  of  the  bar  which  was  being  formed  from 
the  end  of  De  Soto  Island  towards  Kyan's  Saw -mill.  The  deposit  from 
tbe  river,  however,  has  been  so  great  that  the  crest  of  this  bar  is  now 
20  feet  aljove  low-water,  and  fully  carries  out  the  object  for  which  the 
bar  dike  was  originally  designed.  Soundings  made  within  the  last  few 
days  show  that  although  we  have  ha*l  a  long-continued  stage  of  high- 
water,  there  has  been  no  appreciable  fill  in  the  inner  harbor  directly  in 
front  of  the  elevator  and  steamboat  landing  during  the  past  year. 

Under  this  favorable  condition  of  affairs,  it  is  proposed  to  carrj-  out 
the  third  recomraeudatiOD  as  above,  and  dredge  a  channel  250  feet  wide 
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from  Byan's  Mill  to  the  front  of  the  elevator,  at  which  point  it  will  be 
enlarged  into  a  basin  600  feet  wide  and  abont  1,800  feet  long ;  the  total 
length  of  the  cat  from  Byan's  Mill  to  the  elevator  being  4,800  feet 

The  appropriation  of  $250,000  asked  for  is  to  be  applied  as  follows : 
$100,000  to  the  revetment  of  the  Delta  Point,  and  $150,000  to  dredging 
and  preparing  for  the  basin  in  the  inner  harbor. 

For  full  details  of  the  operations,  1  beg  leave  to  refer  to  the  report  of 
Mr.  T.  G.  Dabney,  assistant  engineer,  herewith. 

The  former  appropriations  are  as  follows : 

By  act  approvedJnne  18, 1878 $84,000 

By  act  approved  March  3,  1879 50,000 

By  act  approved  June  14,  1880 20,000 

COMMERCIAL  STATISTICS. 

During  the  past  year,  Vicksbiirg  handled  about  56,000  bales  of  cotton ;  and  in  ad- 
dition to  this  there  were  brought  to  Delta,  by  the  Vicksburg,  Shreveport  and  Pacific 
Railroad,  about  43,000  bales. 

It  is  estimated  that  the  value  of  the  commerce  of  Vicksburg  is  between  $7,000,000 
and  $8,000,000  per  year,  outside  of  the  cotton  receipts. 

AU  the  steamboats  passing  to  and  from  New  Orleans  to  points  further  north  land  at 
this  place,  and  are  more  or  less  affected  by  the  improvement  of  the  harbor. 

For  port  of  entry  and  amount  of  revenue  collected,  see  report  on  the 
mprovement  of  mouth  of  Red  River,  Louisiana. 


Money  statement. 


• 


July  1, 1879,  amount  available $95,758  515 

Amonnt  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$115,758  3^ 

July  1,  1880,  amount  expended  during  fiscal  year 94, 971  07 

Jnly  1,  1880,  amount  available 20,787  18 

Amount  (estimated)  required  for  completion  of  existing  project  for  Delta 
Point 100,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  2^, 
1882,  for  Delta  Point  and  dredging 260,000  00 


BRPORT  OF  MR.   THOMAS  G.    DABNEY,  ASSISTANT  ENOINKRR. 

Vicksburg,  Miss.,  Jui/y  1,  1880. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  the  work  intmsted  t# 
m^  charge  for  the  fiscal  year  just  ended.  I  will  first  briefly  recall  the  oharaoter  and 
obtect  of  the  work  which  I  have  been  prosecuting  here. 

Yon  will  remember  that  in  1878  the  Board  of  Engineers,  of  which  General  Simpeoli 
was  president  and  Mn^or  Snter  and  yourself  meml^rs,  recommended  that  appropria- 
tion be  made  to  execute  certain  work  for  the  preservation  of  this  harbor.  The  fiiii 
step  was  the  revetment  of  the  Delta  peninsula  to  prevent  f\irther  caving  and  stop  the 
nkpid  recession  of  the  river  ftrom  the  vicinity  of  Vicksburg.  The  second  wte  to  c<m- 
straot  a  dike  from  the  south  end  of  De  Soto  Island  across  the  harbor  along  the  orai^ 
of  the  bar  in  process  of  formation  to  a  point  about  800  feet  from  the  Vicksbiii^g  ahoie; 
thence  nearly  parallel  to  the  bank,  converging  slightly  southward  to  deep  water. 

The  basin  thus  inclosed  in  front  of  the  town  was  then  to  be  dredged  to  a  sniBoiBBl 
depth  to  accommodate  the  commerce  of  the  place,  a  channel  of  approach  being  main- 
tained to  the  river. 

,In  1878  Congress  made  an  appropriation  for  this  work,  the  amount  apps^riated 
being  the  estimated  cost  of  the  first  step  only  of  the  system  reconunanded  foi  tlie 
restoration  of  this  harbor ;  that  is,  the  revetment  of  the  caving  bank  along  the  Delta 
peninsula.  The  estimate  of  cost  for  this  work  was  made  witnont  px^evions  ex- 
X>erience  in  snch  operations  with  the  conditions  here  prevailing,  very  deep  water  aad 
rapid  oorrent,  proved  too  low  by  nearly  one-half,  though  tiie  cost  was  miioh  mereasad  Vf 
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exceptional  untoward  circumstaucoH,  as  the  prevalonce  of  the  yellow-fever  epidemic  of 
1878  and  the  Hiispension  of  the  work  in  1879  from  apprehensions  of  a  similar  visitation. 

Owing  to  the  experimental  charaeter  of  this  application,  a  revetment  of  willow 
mattresses,  and  the  necessity  for  a  gradnal  development  of  the  process,  but  little  ma- 
terial proin'ess  was  made  atter  the  subsidence  of  the  fe.ver  in  187rt,  the  season  being 
exceedingly  nnfavorable,  a  strong  motivt^  existing,  however,  to  ntilize  the  time  as  far 
as  possible  and  arrt^st  the  nipid  caving  of  the  bank.  Valnable  experience  was  gained, 
but  at  a  considerable  cost,  which  proved  useful  the  f(»Ilowing  season.  Last  summer 
(1879)  work  was  resumed  Jis  early  as  the  stage  of  water  in  the  river  would  permit,  on 
the  27th  of  June;  the  operati<uis  were  pushed  vigorously  until  August  12,  when  there 
was  an  entire  suspension  of  tlu^  work.  This  very  unfortunat^i  sto])])age  arose  partly 
from  the  genuine  fears  of  certain  people  h'st  yellow  fever  should  invade  my  force  of 
laborers  and  thence  connuunicate  itself  to  the  adjacent  country,  but  largely  to  petty 
bickerings  and  j<;aIousies  between  small  local  boards  of  health;  and  although  such 
an  observation  is  perlia])s  out  of  phice  here,  I  cannot  refrain  from  expressing  the  hope 
that  the  national  government  will  assunu*  entire  control  over  all  matters  of  quaran- 
tine, and  regulate  the  subject  with  scuiie  kind  of  system  and  common  sense,  as  local 
quarantine  became  an  iiitoh»rable  evil  hist  year. 

The  danger  which  it  was  alleged  was  ai>prehended  from  the  presence  of  my  work- 
men near  Delta  appeared  to  me  in  be  so  remote  and  the  remedy  so  easy,  if  it  should 
arise,  to  wit,  the  (lisfiersiou  of  my  force,  that  1  resisted  the  etfort  to  ])rocure  a  stop- 
page of  the  work  as  far  as  possible,  having  a  lively  sense  of  the  importance  of  utiliz- 
ing so  favorable  a  season,  but  an  order  from  the  Secretary  of  War,  through  yourself, 
required  me  to  susi)end  the  work  as  above  recited  on  August  lli.  It  is  rather  a  curi- 
ous fact  that  the  inhabitants  of  both  Vicksburg  and  Delta,  being  immediately  contig- 
uous to  the  work  and  preponderating  largely  in  numhei*s,  were  opposed  to  its  suspen- 
sion; bnt  the  trouble  came  t^hiefly  Irom  people  living  along  the  line  of  railroad,  in 
the  parishes  further  west,  ft*om  ;{5  to  75  miles  back,  their  fears  being  magnitied  in 
proportion  to  their  remoten<'8s  from  danger. 

My  force  of  some  250  men,  well  organized  and  operating  very  successfully,  was  of 
course  entirely  dissipated.  A  month  later  the  work  was  i*esumed  by  your  order,  but 
much  more  time  was  lost  before  the  working  force  could  be  brought  up  to  the  same 
standard  of  strength  and  efficiency.  This  interruption  was  most  unfortnnate  in  all 
reSi>ectB,  greatly  marring  the  opportunity  afforded  by  an  exceptionally  long  and  favor- 
able low-water  season  for  the  accomplishment  of  this  work.  On  January  9  the  last 
mattress  was  sunk,  the  river  having  then  attained  such  a  height  as  to  render  the  oper- 
ation verj'  difficult ;  and,  doubtful  of  results,  the  work  was  discontinued  for  the  sea- 
son. One  hundred  and  twelve  mattresses  were  constructed  during  the  season  and 
disposed  of,  nearly  all  successfully ;  4  of  them  were  entirely  lost  in  the  effort  to  sink 
them,  and  there  were  fragments  which  broke  away  from  some  others  that  were  of 
extra  length,  but  the  great  majority  were  properly  sunk,  my  system  of  operating  hav- 
iugattained  a  considerable  degree  of  perfection  during  the  progress  of  the  work. 

The  revetment  was  carried  along  from  the  u])per  end  of  the  work  to  a  point  about 
2,700  feet  below,  which  extent  of  bank  was  thoroughly  well  protected.  At  this  junc- 
ture it  became  obvious  that  there  was  not  sufficient  time  left  to  complete  the  work  to 
the  extremity  of  the  peninsula.  It  was  therefore  deemed  advisable  to  skip  a  portion 
of  the  bank  which  was  retired  from  the  current  to  a  considerable  degree,  and  utilize 
the  remainder  of  the  season  in  covering  as  much  as  possible  of  the  greatly  exposed 
locality  further  down.  This  was  accordingly  done,  and  between  1,600  and'l,700  feet 
of  bank  below  the  Delta  wharf-boat  was  well  covered. 

The  o]^ration  of  sinking  mattresses  at  this  i)art  of  the  work  was  at  first  very  diffi- 
cult, owing  to  the  presence  of  deep  wat^r  inshore,  from  70  to  HO  feet,  and  a  remark- 
ably strong  current  impinging  against  the  bank.  There  were  in  consequence  some 
dlSMters  in  the  earlier  stages  of  the  operation,  but  a  system  was  gradually  perfected 
by  which  the  mattresses  were  sunk  with  certainty  and  promptness,  as  many  as  four 
baTing  beeu.8unk  in  a  day,  with  one  set  of  men  and  api)liances. 

The  mattressejs  were  from  125  to  175  feet  in  length,  50  feet  wide,  and  about  2  feet 
tUck.  On  the  upper  extremity  of  the  work,  the  slope  of  the  bank  being  longer,  the 
mattresses  used  were  generally  175  feet  long,  while  at  the  lower  extremity  they  were 
140  feet  long.  Some  were  made  only  18  inches  thick,  but  it  was  found  much  more 
difficult  to  sink  them  successfully  in  deep  water  and  strong  current. 

When  this  extent  of  work  had  been  accomplished,  the  river  had  reached  so  high  a 
stage  that  operations  were  both  hazardous  and  expensive,  and  the  bars  being  to  a 
huge  extent  covered  with  water,  it  became  impossible  to  ])rocure  a  sufficient  supply 
of  willows.  A  few  more  mattresses  were  sunk  in  continuation  of  the  upper  i)art  of 
the  lower  detached  work,  with  the  hope  of  protecting  that  part,  in  some  measure, 
they  being  placed  parallel  to  the  bank  and  covering  the  slope  for  some  50  feet  below 
low-water  line.  The  protection  afforded  by  them  is  not  very  decided,  though  they 
donbtleas  retarded  the  caving. 

The  experiment  was  then  maile  of  sinking  '^ screens''  in  the  position  of  spur  dikes, 
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a  small  force  of  workmen  bein^  retained  for  that  purpose.  This  idea  was  obtained 
from  Major  Charles  R.  Suter,  United  States  Engineer,  he  having  used  them  with  very 
good  effect  in  the  Misnouri  River,  but  under  conditions  quite  different  firom  those  pre- 
vailing here,  as  he  had  much  less  depth  of  water  and  velocitjp^  of  current  to  operate 
in.  The  experiment  here  was  made  at  such  a  high  stage  of  water,  and  conse<]^uent 
rapid  current,  and  I  was  bo  much  harassed  with  drift-wood  during  the  operations, 
that  no  determinate  result  was  obtained,  which  was  a  source  of  much  regret,  as  I 
was  anxious  to  test  the  principle  as  applicable  here. 

During  the  prevalence  of  high-water  this  season,  I  have  watched  with  great  interest 
and  anxiety  the  effect  upon  the  mattress  revetment,  and,  now  that  Uie  ordeal  is 
passed,  I  felicitate  myself  upon  the  good  condition  of  the  work  and  the  faithfulness 
with  which  it  has  resisted  the  attacks  of  the  river. 

The  upper  division  of  the  work  is  absolutely  intact.  The  lower  part,  being  vulner- 
able at  both  its  extremeties,  suffered  somewhat,  but  less  than  was  anticipatea.  I  am 
now  convinced  that  the  problem  of  securing  the  banks  of  the  Mississippi  River  from 
caving  has  been  solvcd,but  the  process  under  such  difficult  conditions  is  probably  too 
costly  for  ver>'  general  application,  my  operations  having  demonstrated  tne  cost  to  be 
about  $18  per  linear  foot ;  the  estimate  was  made  during  a  period  when  the  work  was 
proceeding  favorably. 

The  conditions  here  are  exceptionally  difficult,  however,  owing  to  the  high  velocity 
of  the  current,  a  result  of  the  cut-off. 

There  remains  uncovered  about  1,200  feet  of  bank  between  the  upper  and  lower 
work,  and  2,300  feet  below  the  lower  work.  The  gap  between  the  detached  portions 
of  the  revetment  has  caved  rather  alarmingly  this  season,  much  more  than  I  had  sup- 

Eosed.  The  river  there  now  threatens  the  Delta  depot  and  railroad  terminus.  It  is 
ighly  desirable  that  it  should  be  protected  this  fall,  but  unfortunately  the  means  at 
hand  are  insufficient.  The  caving  at  the  lower  extremity  of  the  peninsula  has  dimin- 
ished to  a  marked  degree,  which  is  attributed  to  the  revetment  higher  up,  the  presence 
of  which  partly  directs  tne  current  from  the  bank  below. 

The  appropriation  made  by  the  last  Congress  for  this  work  is  so  small,  and  the  for- 
mer appropriation  so  nearly  exhausted,  that  little  progress  can  bo  made  the  present 
season  i o  advancing  it  towards  completion.  I  can  hope  to  do  little  more  than  strengthen 
weak  places  and  preserve  the  work  already  accomplished,  until  another  Congress  shall 
determine  whether  this  work  shall  be  completed  or  allowed  to  be  gradually  destroyed 
by  the  attacks  of  the  river,  a  result  which  I  am  afraid  will  ensue  from  its  uncompleted 
state. 

I  will  now  recur  to  the  subject  of  the  work  which  it  is  desirable  to  do  in  the  harbor 
proper,  to  restore  and  maintain  deep  water  therein. 

Referring  to  the  report  of  General  Simpson's  Board,  in  relation  to  this  matter,  made 
in  1878,  it  will  be  seen  that  it  was  recommended  to  construct  a  dike  from  the  south  end 
of  Do  Soto  Island  across  in  the  direction  of  the  Cotton  Compress,  to  a  point  about  800 
feet  from  the  Vicksburg  shore,  thence  about  parallel  to  this  bauK  down  to  a  point  be- 
low Ryan's  Mill  to  deep  water.  This  dike  would  be  along  the  crest  of  the  bar  then 
forming.  The  next  step  was  to  dredge  a  channel  of  communication  between  the  shore 
and  parallel  dike,  from  deep  water  below  to  the  city  front,  where  a  basin  of  sufficient 
capacity  for  th^  commerce  of  the  place  should  be  constructed  by  the  same  process. 

The  cost  of  these  two  operations  was  estimated  at  $254,000,  in  addition  to  the  revet- 
ment of  Delta  peninsula. 

The  developements  of  the  last  high-water  season  «how  the  wisdom  of  this  plan  of 

Ccedure.  The  crest  of  the  bar  upon  which  the  dike  was  to  have  been  oonstracted 
now  reached  an  elevation  approaching  that  of  the  proposed  dike,  and  the  effect 
has  been  to  exclude  the  inflow  of  water  from  the  river  below,  which  heretofore  passed 
up  by  the  city  landing,  and  thence  around  Do  Soto  Island,  bringing  up  with  it  large 
quantities  of  mud  and  sand,  which  was  deposited  in  the  harbor.  There  has  been  sinoe 
last  season  no  ap])reciable  amount  of  dei>osit  in  front  of  the  town,  and  as  the  crest  of  that 
bar  continues  to  rise  higher  from  year  to  year,  it  is  manifest  that  additional  security 
will  be  afforded,  and  the  construction  of  the  proposed  dike  may  bo  entirely  dispeiised 
with,  saving  in  that  direction  the  estimated  cost  of  $154,000.  The  additional  amoiuit 
of  dredging,  however,  rendered  necessary  by  additional  filling  since  the  first  estimate 
was  made,  brings  the  present  estimate  up  to  almost  exactly  the  orieiual  amount. 

It  is  now  proposed  and  recommended  that  a  channel  be  opened  from  deep  water 
below  Ryan's  Mill  to  the  elevator  building,  the  channel  to  be  250  feet  wide  at  tlkS 
elevator,  to  be  enlarged  into  a  basin  600  feet  wide,  and  extending  1,800  feet  along  the 
city  front.  This  should  be  dredged  to  a  depth  of  15  feet  below  low-water  level.  The 
channel  of  communication  will  be  4,800  feet  long,  and  the  average  depth  of  the 
excavation  will  be  26  feet.  In  the  basin  the  depth  of  excavation  wilfbe  27  feet.  The 
estimated  amount  of  cubic  yards  of  material  to  be  removed  is  2,235,555.  This  is  esti- 
mated to  cost  15  cents  per  yard,  making  $335,333.25.  It  is  deemed  expedient  to  pro- 
tect the  side  slopes  of  tne  excavation  by  an  application  of  brush  revetment,  wbioji  is 
estimated  to  cost  $30,000,  making  a  total  of  $365,333.25  for  the  whole  work.    Tlie 
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•peratioii  of  dredging  would  bo  carried  on  x>rogreHHivoly  in  different  stagoH  of  the 
water,  and  it  is  estimated  that  $150,000  of  the  above  sum  could  be  profitably  expended 
•n  this  part  of  the  work  during  next  season,  which,  with  |100,000  that  ought  to  be 
^»plied  to  the  oompletion  of  the  revetment  on  the  Delta  side,  will  make  $250,000,  which 
it  18  recommended  be  appropriated  for  theae  purposes. 

Id  considering  the  question  of  excavating  a  harbor,  it  should  be  bonie  in  mind  that 
tliere  will  lie  an  annual  silting  up  to  some  extent  of  the  mouth  of  the  chanm^l  of  com- 
monication,  but  it  will  reciuire  but  little  work  at  the  subsidence  of  each  high-water 
to  keep  the  mouth  open,  the  cost  of  which  will  doubtless  be  cheerfully  assumed  by  the 
city  oi  Vicksburg. 

This  report  will  be  accompanied  by  a  tracing,  showing  the  changes  which  have  oc- 
enned  in  the  harbor  and  vicinity  since  my  last  annual  rex)ort,  and  the  ])osition  of  the 
proposed  excavation  in  the  harbor. 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T.  G.  Dabney, 

A8»ifftant  Engineer. 
M^J.  W.  11.  H.  Benyaukd, 

Carpa  of  Engineers,  V,  S.  A, 


O    22. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVEK  AND  HAUIiOR  AT  MEMPHIS, 

TENNESSEE. 

At  the  commeucement  of  the  fiscal  year  the  work  upon  the  protection 
of  the  bank  along  the  city  front  was  in  course  of  prosecution.  Matters 
were  progressing  favorably  when,  in  July,  the  yellow  fever  made  it«  ap- 
pearance, and  we  were  compelled  to  suspend  operations  for  the  summer. 
In  November  work  was  again  resumed  and  continued  until  February, 
when  high-water  i)ut  an  end  to  the  operations  for  the  season. 

Up  to  the  end  of  the  fiscal  year  some  2,000  feet  of  bank  protection 
has  been  applied,  and  with  favorable  results.  It  was  unfortunate  that 
we  had  to  susi^end  operations  last  summer,  as  the  water  in  the  Missis- 
sippi reached  a  very  low  stage,  and  continued  so  for  along  period.  Had 
it  not  been  for  the  fever  we  would  have  made  considerable  progress. 

So  flEU*  the  work  has  been  successful,  where  applied,  in  attiiining  the 
object  in  view,  viz,  the  prevention  of  the  bank  caving  along  the  city 
front 

An  examination  made  lately  by  a  diver  showed  the  mattresses  still  in 
position  along  the  bank  and  filled  with  sediment,  and  without  any  caving 
apparent,  except  in  one  instance  at  the  mouth  of  Wolf  Biver,  and  this 
was  caosed  by  a  flood  from  that  stream  when  the  Mississippi  was  oom- 
paratively  low.    Otherwise  the  mattress  protection  remains  intact. 

It  has  this  past  season  been  subjected  to  a  severe  test,  the  water 
having  been  in  a  very  high  stage  for  upwards  of  six  months,  completely 
satorating  the  banks ;  stUl,  when  the  water  declined,  no  cracks  or  cavings 
in  fhe  banks  were  to  be  observed. 

Dnring  the  coming  season  it  is  proposed  to  continue  the  work  upon 
the  bank  protection,  and  the  appropriation  asked  for  for  the  fiscal  year 
ending  Jane  30, 1882,  will  be  applied  to  the  same  purixxse. 

For  the  details  of  the  operations  I  beg  leave  to  refer  to  the  report  of 
Mr.  Joseph  Bnmey,  assistant  engineer,  herewith. 

COMMERCIAL  STATISTICS. 

MerohandlBe  and  produco  sold  for  twelve  months  ending  September  1,  1879, 
i06L600.000.  Of  this  amount  |19,500,000  was  cotton  ;  home  prcmuce  and  home  mann- 
Siobxe,  |3»900,000. 

Amomit  of  cotton  received  from  September  1, 1879,  to  Jnne  30, 1880,  was  405,381  bales. 
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Namber  of  steamboat  landings  at  Memphis  dnring  twelve  months,  2,150.  Wharf- 
age tax  to  steamboats,  charged  by  the  city  for  twelve  months,  $30,000. 

The  collections  at  custom-honse  in  Memphis,  Tenn.,  dnring  the  year  ending  Jnne^ 
1880,  are  as  follows : 

Duties  on  imports $14,554  2JJ 

Hospital  dues  (marine) 1, 853  19 

Steamboat  inspection 1, 590  55 

Licenses  to  engineers,  pilots,  &<•■ 2, 770  00 

Total 20,707  97 

Population  of  Memphis  is  34,000. 

The  total  estimated  cost  of  this  im]>rovement  was  8170,000.  ■ 

The  former  appropriations  are  as  follows  : 

By  act  approved  June  18,  1878 1^0,000 

By  act  approved  March  3,  1879 37,000 

By  act  approved  June  14,  1H?^0 15.  (X)0 

Money  statement, 

July  1,  1879,  amount  availabh' $46,825  39 

Amount  ai)proi)riated  by  act  a])pr()ved  June  14,  1J^80 15, 000  00 

♦61,825  39 

July  1,  1880,  amount  expended  during  fiscal  year 30, 323  55 

July  1,  1880,  amount  available 31,501  84 

I  IB        I 

Anionnt  (estimated)  required  for  (>ompletion  of  existing  project 72, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  emfing  June  30, 1882.     72, 000  00 


RKPORT  OF   MR.   .KKSKPH   BURXKY,  ASSISTANT  KXOINEER. 

UxiTKD  States  ENOiifEER  Officb, 

MempkiB,  Tetm.,  Jnnt  30,  1880; 

Major:  I  have  the  honor  to  submit  the  annual  report  of  operations  in  th«  protet^oo 
of  the  Memphis  river  front  for  the  year  ending  June  30,  1S80. 

In  my  last  report,  dated  June  30,  1879,  I  stated  "  at  the  present  date  the  workiiig 
party  is  thorougly  organized  and  the  work  progressing  steaaily  and  satisfactorily/' 

At  this  time  all  promised  favorably  for  a  good  season's  work  during  the  low-watittf 
stage.  We  had  made  favorable  arrangements  for  obtaining  stone  from  the  Ohio,  aild 
willows,  4&C.,  from  up  the  river,  tug  chartered  aud  flatl^ats  and  barges  euKagfed, 
when  the  yellow  fever  appeared  in  Mtnuphis,  July  15,  1879,  and  we  were  compelled  to 
abandon  the  work. 

Our  orders  for  stone  wen;  countermanded  and  the  workmen  discharged.  The  tools, 
boats,  and  ontfit,  belonging  to  the  government,  were  towed  30  miles  up  the  river, 
where  they  remained  until  the  fever  was  over. 

Immediately  after  the  city  authorities  officiallv  declare<l  the  fever  ovor,work'wa8 
resumed  under  very  unfavorable  circumstances;  tlie  low-water  season  was  nearly  oyer 
and  all  arrangements  had  to  be  made  anew.  We  wore  considerably  delayed*  in  obtitiii- 
ing  stone,  which  had  to  be  brought  from  the  Ohio  River,  a  distance  of  over  SOOmilM, 
and  in  order  to  keep  the  workmen  eiuployed  until  the  stone  arrived  we  had  to  use 
sacks  filled  with  earth,  which  are  not  suitable  for  sinking  the  mattresses  with;  also 
during  the  time  we  were  at  work  the  river  was  steadily  rising  aud  had  a  Very  swift 
current. 

We  had  to  suspend  work  temporarily  at  times  on  account  of  high-water  and  tte 
work  was  entirely  suspended  Febniary*19,  1880.  Since  that  date  no  work  has  been 
done  except  taking  care  of  government  property  and  repairing  buildings  and  mattress 
ways  at  the  mouth  of  Wolf  River. 

The  work  of  protecting  the  river  bank  consists  in  the  construction  of  willow  mat- 
tresses and  sinking  them  along  the  river  front.  The  mattresses  were  constructed  as 
described  in  my  last  annual  report,  and  it  takes  about  40  cubic  yards  of  stone  to  sink 
and  properly  ballast  each  mattress. 

Daring  the  past  twelve  months  we  have  protected  1,300  linear  feet  of  river  fhmt. 
For  this  purpose  we  have  constructed  and  sunk  30  mattresses,  each  190  bT  55  by  2;5 
feiet.    We  have  constructed  on  bank,  above  low- water,  600  linear  feet  of  shore  woft 


Irwn 
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_.Awidii,3.5  fiMitlhiuk.  Thisworh  is  coiiatmcted,  like  the  tnaCtreaa  ivork,  of  vrlllotrft 
t  polM,  baf  is  bnilt  iiiion  the  liank  wbsn  the  water  in  at  a  low  Htage. 
*A  the  MTotk  ne  have  ueed  9,760  corda  of  willow  brush,  T.5Q0  cotCon-wMul  fwiTeB,  800 
He-oAk  pins  i  feet  long  by  1  inch  diameter,  6,^)00  whjteoak  pinB  13  by  |  mches.DO 
Ja  of  No.  13  annealed  wire  64  pnuniln  to  the  coil,  l,lfi4  cnliic  yards  of  st^ne,  1,500 
A  baip,  Kid  we  have  driven  50  cyprean  piles  40  foet  lone  and  1.5  f^t  diameter. 
'~  the  willow  mattremeA  for  the  protection  of  caving  banlison  the  Lower  MiHatisinpl 
r  have  only  been  iiied  fur  the  last  two  years,  and  we  are  constnntly  lecelving' 
irieg  as  to  the  bsueflt  derived  from  them,  in  order  to  show  olearlj  the  roanlt  or 
r  nee  at  Hemphia.  I  will  give  a  short  history  of  the  work  at  thia  pnint  IVom  tbe 

ISK  the  MisHisaippi  River  was  ftuit  encroaching  npon  the  wharf  tmd  tipper  rivac 
^  In  three  years,  inimediait*ly  above  Ibo  foot  of  JeflVraou  street,  it  hart  oaveii 
over  350  feet,  taking  in  a  great  ni an r  valuable  bnlldiTiKB,  and  wanntcaHlly  caving 
-  ate  of  100 feet  pw year.  Above  Wolf  Rivsr  thu  curing  wait  at  tbnniteof  ISO 
yew.  A  great  amount  of  valnftble  business  property  was  in  immediate  danger 
[  lost,  and  no  pnmmnent  improvement  oould  lie  mode  on  the  river  liunt, 
n  j-on  wore  infltntoted  to  miike  » iinrroy  of  the  river  front  and  snbinit  a  project 
■•ini  BBlimote  of  ciiHt  for  its  ]>rot«ction.  Tho  same  year  yon  submitted  a  report,  reo- 
ommenrtini;  iliat  tbt'  river  fruiit  from  FraniM  Clint«,  above  Wolf  River,  to  the  eleva- 
tor, al  lbr>  loot  of  l<<'iil  slri^f^l.  a  diMtance  of  7,600  feet,  should  be  proteot«d  with  willow 
mattmHH-Hi  from  10  I'm't  nlmve  low-water  to  the  bed  of  the  riviar,  at  an  eatiinatCid  oost 
of  II70.IKHI.     This  projoi'l  anil  estimate  was  a^iproved  and  |4&00U  appropriated. 

The  front  to  be  prof^i^ted  was  in  two  divisinnH ;  the  first  division  was  above  Wolf 
River  and.  -iiOOO  feet  long;  the  seeond  below  Wolf  Kiver  and  extending  along  the 
fhmt  of  Memphis,  being  5,tKI0  feet  long.  Uad  the  full  amoont  been  appropriated  as 
foa  recommended,  it  wns  your  intention  to  proleut  the  upper  division  first,  bat  as  only 
a  SdiaII  part  of  the  appropriation  was  made,  you  determined  to  begin  on  the  lower 
dlTisIon,  on  which  was  located  some  of  the  most  valuable  property  on  the  river  front, 
l^fWdUing  of  stores,  oil  mill^tton  sheds,  railroad  depot,  &c.,b11  in  immediate  diuiger 
i.aavlDg  into  the  rivor.  The  first  place  protected  was  the  old  navy-yard.  Forty 
ngin«^tlte  navy -yard  formed  apartof  theMUHisaippiRiver  and  was  used  for  u  fiat- 
_  Stit  landing,  when  a  sand  bar  began  to  form  in  front  of  the  Uudiiig  and  pushed  rap- 
i  M^r  out  for  over  1,000  feet  from  the  old  bank. 

The  Band  bar  rose  to  a  considerable  height  above  low-water,  but  has  always  been 
subject  to  overflow  at  a  high  stage.  Upon  this  sanil  bar  the  Uuitod  States  Oovem- 
ment  located  the  Memphis  navy-yard,  and  constmcted  upon  it  over  |1,000,000  worth 
of  buildings  and  machinery.  Some  years  ago  the  yard  was  abandoned  and  the  ground 
Bod  baildin|p  given  I«  the  city  of  Memphis.  Shortly  after  the  navy-yard  was  aban- 
doned the  nver  began  to  encroach  upon  it,  and  bae  carried  away  over  4D0  feet,  and 
but  for  the  willow  mattresses  would  soon  regain  its  old  chanael.  In  front  of  the  navy- 
yard  from  low-water  mark  to  the  bed  of  the  river  the  average  depth  of  water  ia  from 
60  to  70  feet,  and  the  rise  and  fall  of  the  river  at  this  port  is  35.75  feet.  July  15,  1878, 
acttre  operations  were  commenced.    We  hadsucceedeil  in  making  all  necessary  arrange- 


li 


phi%  Aognst  14,  and  we  hod  to  suspend  operations  until  November  7.  when  the  low- 
mter  season  was  neatly  over.    The  work  was  mnoh  interrupted  by  the  riKtug  wats* 
"  *  I  hMTf  driftwooil,  and  in  Jonnary,  1880.  the  river  was  entdrely  covctwd  by  float- 
;Joa  and  the  work  had  to  be  suspended. 
'f  to  June  30^  1879,  we  protected  875  feet  i 

(nr-water,  with  the  following  result:  HOii  leei  aoove  our  worK  it  nao  oavea  oacK 

__    feet,  gradnally  growing  leas  to  the  mattress  work,  where  no  caving oconrrad  along 

tlie675Awt  protectwl.     Below  it  had  caved  a  little,  and  400  feet  below  the  cave-baolc 

w««eti  foot.    May  SO,  1879,  the  water  waa  at  a  suitable  stage  and  work  was  ooolinned 

M  dcMtribed  at  the  beginning  of  this  report.     Up  to  date  we  have  succeeded  In  pro- 

'■"-   ■  1,973  feet  of  river  froot  eitending  from  the  month  of  Wolf  River  to  the  foot  of 

street.     An  eTamioation  was  made,  when  the  gauge  read  14  feet  above  low- 

,  and  a  diver  made  an  examination  of  the  mattresses  under  water. 

WM  found  that  alt  the  mattresses  were  still  on  the  front,  but  about  four  had  been 


.  ft  little  out  of  position  down  stream  and  into  deeper  i 

bank  on  which  they  had  to  lie.  On  the  matressea  that  were  first  placed  down, 
*  meit  outer  euds  there  was  fivm  3  to  4  feet  of  solid  deposit,  while  all  were  com- 
pletely filled  level  with  deposit.  Of  the  whole  bank  ptolecten  not  a  single  foot  has 
been  lost  with  the  exception  of  125  feet  by  10  feet  at  the  mouth  of  Wolf  River ;  this 
WW  caused  by  a  heavy  freshet  in  Wolf  River  while  the  Mississippi  was  at  a  low  stage. 
Thefinahet  on  striking  the  Mississippi  formed  a  large  whirlpool,  which  in  three  days 
aoonnd  out  a  hole  70  foet  deep  fr«m  a  depth  of  10  feet,  This  carried  out  to  deep  water 
tiTfi  of  our  mattresses.  Since  that  time  the  washout  is  fast  lilling  up,  the  bank  can 
t»  nudUy  repaired,  and  by  revetting  the  side  up  Wolf  River  the  danger  in  future  cnn 
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be  avoided.  While  there  has  been  no  caving  on  the  bank  protected  on  the  first  diris- 
ion  above  Wolf  River,  where  no  work  has  been  done,  the  caving  has  been  great ;  800 
feet  above  our  work  the  cave  for  12  months  has  been  140  feet,  gradually  growing  leas 
to  our  work,  where  the  cave  is  stopped.  Thus,  in  two  years  this  pan  has  oayed 
off  uearly  300  feet.  Immediately  below  the  work  a  little  caving  took  place,  and  150 
feet  below  the  cave  is  75  feet.  At  this  point  two  railroad  lines  and  railroad  depot 
front  on  the  river,  and  in  order  to  save  tnem  from  caving  in  the  company  drove  oyer 
300  piles  40  feet  long  by  1.5  diameter,  at  a  cost  of  about  |7,000,  but  so  soon  as  the 
water  fell  the  bank  caved  in  and  is  now  undermining  the  ndlroad  depot,  while  where 
our  mattress  work  is,  about  150  feet  above  the  piles,  not  the  slightest  crack  or  sign  of 
caving  can  be  seen. 

Considerable  interest  has  been  taken  in  the  work  by  those  interested  in  protecting 
the  river  banks.  Some  time  ago  one  of  our  daily  newspapers  criticized  the  work, 
stating  that  some  of  the  mattresses  had  floated  off,  the  bank  caved  in,  and  willow 
matresses  for  the  protection  of  the  river  bank  a  failure.  This  I  immediately  denied 
and  offered  them  every  facility  to  make  an  examination  of  the  work,  but  this  they 
declined.  I  then  applied  to  some  of  our  most  prominent  and  practical  river  men,  who 
had  nearly  daily  seen  the  work  since  its  beginning,  for  their  opinion  of  the  work.  As 
those  gentlemen  are  all  well  known  on  the  river,  I  give  a  few  of  the  letters  received, 
showing  their  opinion  of  the  work  done  on  the  river  front. 

letter  of  superintendent  of  the  memphis  and  little  rock  railroad. 

Memphis  and  Litile  Rock  Railroad, 
Office  of  Superintendent. 

Memphis,  Tenn,,  February  12,  1880. 

Dear  Sir  :  My  attention  having  been  called  to  an  article  in  one  of  the  daily  papers 
of  the  7th  instant,  purporting  that  the  track  of  the  Memphis  and  Little  Rock  Railfoad 
having  been  protected  by  ripraps  had  caved  in,  the  mattresses  having  taken  their 
departure  for  some  points  below,  I  beg  to  state  that  no  mattresses  were  ever  placed  in 
front  of  the  Memphis  and  Little  Rock  Railroad  depot  at  the* point  where  the  bank 
has  cave4.  I  am  inclined  to  the  opinion  that  if  they  had  extended  that  far  the  bank 
would  have  been  protected. 
Yours,  truly, 

W.  E.  Smith, 
8u,perinUndeiU. 
Mr.  Joseph  Burney. 

I  give  below  letter  received  from  the  captains  of  the  harbor  tugs : 

letter  of  captains  of  the  harror  tuos. 

Memphis,  Tenn.,  FiibrMaarTf  11,  1880. 

We,  the  undersigned,  have  watched  the  mattress  work  since  its  commenoement.  At 
first  we  thought  it  doubtful,  but  up  to  the  present  time  it  has  succeeded  bevond  oar 
utmost  expectations.  We  have  seen  no  caviug  of  the  bank  protected^  while  rapid 
saving  is  now  taking  place  both  above  and  below  where  it  is  unprotected. 

The  statement  in  the  Avalanch  that  the  mattresses  in  front  of  the  Little  Book  Bail- 
road  had  floated  off  is  untrue,  to  our  knowledge.  That  point  was  unprotected;  if  it 
had  beeUf  we  think  it  would  have  been  saved.  We  have  never  seen  a  mattress  float 
away,  and  believe  that  every  mattress  sunk  yet-  remains  in  its  position. 

Any  assistance  we  can  render  you  on  the  work  will  be  cheerfully  given. 

W.  W.  MAnVOAULT, 

Captain  Steamer  Oemeral  Piinen. 
N.  B.  McNkblt, 

Captaim  1^  OrMt. 
L.  £.  Patton, 

Captain  Tng  CUaremm, 
M .  R.  McNbblt, 

Coptoia  Tng  Be  Sth. 
Mr.  Joseph  Burnet. 

I  give  below  letters  received  from  property  owners: 

letter  of  MR.   R.   P.   OLENN. 

BiEHPHis,  Fe^mary  11,  1860. 

Dear  Sir  :  I  have  been  a  close  observer  of  your  work  in  placing  mattrsssee  on  the 
river  front  of  Memphis,  and  have  felt  a  deep  interest  in  them.    I  am  oonvinced  they 
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will  accomplish  the  end  in  view,  as  where  completed  the  banks  are  intact,  and  where 
the  work  has  been  only  partially  done  a  marked  improvement  is  shown. 

Where  the  mattresses  have  moved  at  all,  it  has  only  been  to  deeper  water,  thereby 
being  of  more  service.    But  for  the  one  at  my  warehouse,  I  am  convinced  my  walls 
wonM  ere  this  have  fallen  in ;  as  it  is,  the  walls,  the  bank  and  mattresses  are  all 
intaot,  Just  as  when  placed ;  whereas  above,  where  there  are  none,  the  caving  is  seri- 
out,  the  same  as  at  the  railroad. 

R.  P.  Glenn. 

Mr.  Joseph  Burney. 

LETTER   OF    MES8K8.    BROWN   A  JONES. 

Memphis,  Tenn.,  February  9,  1880. 

In  the  past  few  years  we  have  lost  by  caving  banks  over  $IU),000.  Since  the  mattresses 
have  been  placed  in  front  of  our  property  we  have  not  sustained  the  slightest  injury. 
We  are  interested  in  the  work,  and  have  watched  it  carefully  since  the  commence- 
ment, and  up  to  the  present  time  the  work  has  been  very  successful,  and  hope  it  may 
eontinue  so. 

Most  respectfully, 

Brown  a  Jones, 

Coal  Dealers  J  ^'o. 
Mr.  Joseph  Burney. 

LETTER  of  UNION  COTTON  COMPRESS  COMPANY. 

Office  Union  Cotton  Compress  Company. 

Dbar  Sir  :  In  answer  to  your  inquiry  as  to  what  effect  the  sinking  of  mattresses  in 
front  of  what  was  formerly  knoi^-n  as  the  navy-yard  property,  will  say,  before  you 
eommenced  the  great  work,  the  caving  in  or  washing  away  of  the  river  front  was 
abont  100  feet  each  year,  ifour  first  mattress  was  sunk  on  the  south  side  of  Wolf 
Biver,  where  it  enters  into  the  Mississippi  River,  and  has  effectually  checked  the  wash- 
ing away  of  the  embankment  at  that  point.  The  river  then  commenced  cutting  below 
the  mattresses,  but  since  you  have  sunk  mattresses  at  that  point  the  caving  has 
eeased.  After  seeing  the  good  effect  of  your  work,  this  company  built  a  large  ware- 
house for  the  shipping  of  cotton,  near  the  river,  which  would  not  have  been  built  if 
the  caving  in  of  the  landing  had  not  been  checked.  I  believe  the  sinking  of  mattresses 
will  preserve  our  river  front,  and  if  carried  out  as  contemplated  will  give  Memphis 
•no  of  the  best  harbors  on  the  Mississippi  river. 

A.  Woodruff, 
President  of  Union  Cotton  Compress  Company, 

Mr.  Joseph  Burney. 

Afl  a  farther  proof  of  the  confidence  in  the  willow  mattresses  for  the  protection  of 
the  liver  front,  action  has  already  been  taken  to  build  a  union  depot  for  all  the  rail- 
madt  running  into  Memphis,  also  elevator,  and  large  cotton-sheds,  at  a  cost  of  over 
$150,000,  on  uie  front  we  have  protected.  This  would  not  have  been  done  if  the  caving 
had  not  been  stopped. 

It  will  be  seen  that  the  work  has  been  done  under  great  difficulties.  We  commenced 
in  iJie  middle  of  the  caving  front  and  had  to  protect  a  sand  bank  readily  susceptible 
to  the  slightest  scour,  and  the  work  has  been  twice  interrupted  by  two  of  the  worst 
epidemics  that  have  afflicted  the  South.  We  have  never  been  able  to  work  through  a 
low-water  season,  vet  the  work  stands  as  if  it  had  been  done  under  the  most  favorable 
etreinnetanceB.  The  only  difference  is,  if  we  had  not  had  those  difficulties  to  contend 
with,  we  could  have  protected  more  river  front  and  at  a  less  expense. 

In  your  report  made  in  1877,  you  state :  ^*  The  work,  if  once  commenced,  should  be 
tontinaoas."  This  is  very  important,  as  we  are  in  the  center  of  the  caving  front,  and 
ftom  the  great  caving  above  and  below,  if  the  work  is  not  pushed  vigorously  on  to  the 
end,  it  win  endanger  the  work  already  done.  I  would  respectfully  recommend  that  the 
amonnt  required  to  complete  the  work  be  applied  for,  and  I  believe  when  the  work  is 
ipleted,  Memphis  will  have  the  best  harbor  on  the  Mississippi  River. 
I  have  the  honor  to  remain,  very  respectfully, 

Joseph  Burnet. 

Ifi^.  W.  H.  H.  Bbnyaurd, 

Corps  of  Engineers,  U,  S.  A, 
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023. 

WATER-GAUGES  ON  THE  fflSSISSIPPI  RIVER  AND  ITS  PRINCIPAL  TRIBU- 
TARIES. 

Observations  were  continaed  at  all  the  ganges  daring  the  year.  Be- 
pairs  were  made  apon  those  at  Memphis,  Tenn.,  Helena,  Ark.,  moatii  of 
White  River,  Ark.,  Lake  Providence,  La.,  Natchez,  Miss.,  Bed  Biver 
Landing,  La.,  and  Alexandria,  La. 

Owing  to  tne  yellow  fever  in  1878  and  1879,  and  the  strict  quarantine 
maintained  during  the  low- water  season,  it  was  found  impossible  to  have 
the  necessary  repairs  done  that  were  intended,  Uie  principal  part  of  the 
work  being  done  at  a  high  stage  of  water.  It  is  proposed  daring  the 
low-water  of  this  year  to  make  a  thorough  examination  of  the  gauges, 
to  construct  new  ones  where  required,  and  to  place  them  aJl  in  gooa 
order. 

At  Alexandria,  La.,  the  standard  low-water  has  been  changed  from 
1872,  2.60.  to  1879,  3.10. 

At  Little  Eock,  Ark.,  the  standard  low- water  has  been  changed  from 
1864,  0.00,  to  18V  9,  1.00. 

Hydrographs  were  made  of  all  the  gauges,  but  retained  in  this  office. 

Copies  of  the  gauge  records  at  all  the  stations  for  the  year  are  trans- 
mitted. 

Money  statemeiU. 

July  1, 1879,  amount  available 9^,^30  70 

Amouut  appropriated  by  act  approved  June  14,  1880 5, 000  00 

|X0,3»0  70 

July  1,  1880,  amount  expended  during  fiscal  year 3,404  42 

July  1,  1880,  amount  available 6,916  9B 

Amoimt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 19SU . .      5,  OiO  00 


O  24. 

SURVEY  OF  THE  FALLS  ON  RED  RIVER,  NEAR  ALEXANDRIA,  L0UI8IAKA. 

United  States  ENaiNBEB  Offige, 

MemphiSj  Tenn.j  December  20, 1879. 

OENipiRAL :  I  have  the  honor  to  transmit  herewith  the  following  report 
of  the  survey  of  the  falls  of  Alexandria.  La.,  with  estimates  for  the  im- 
provement of  the  same,  made  in  accordance  with  the  act  of  Ck>ngi6eB 
approved  Jane  18, 1878,  and  assigned  to  me  by  letter  under  date  of  July 
8,  lft78. 

So  long  b^<ck  9^  1840,  the  State  of  Louisiana  h^  taken  the  subject  of 
the  improvement  of  the  falls  of  Alexandria  under  advisement,  and  ap- 
propriations were  made  at  various  times  for  that  purpose.  The  work 
accomplished  consisted  mostly  in  the  removal  of  portions  of  the  roeky 
barrier  constituting  the  upper  and  lower  falls,  of  supposed  sufficient 
width  and  depth  to  allow  for  the  passage  of  the  largest  daas  of  bests 
navigating  the  river. 

While  many  of  the  most  valuable  reports  of  the  State  engineers  upon 
the  matter  cannot  be  obtained,  the  board  of  State  engineers  of  Louisi- 
ana, in  their  special  report,  in  January,  1874,  present  abstracts  firom 
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auch  as  could  be  collected  which  tend  to  give  a  history'  of  the  various 
attempts  made  to  improve  the  locality. 

As  they  have  an  important  bearing  on  the  subject,  as  showing  the 
views  entertained  as  to  what  was  considered  the  best  methods  of  im- 
provements, I  will  quote  the  extracts  in  their  order  as  taken  from  the 
rciport  referred  to. 

In  Dunbar's  repoit  of  1840,  he  says,  in  regard  to  the  falls  at  Alex- 
andria: 

The  next  and  grcat^^st  obHtruction  to  the  low-water  navigation  is  tlic  fallH  at  Alexan- 
drift.  This  obstruction  conHistJi  in  a  tall  of  three  feet ,  at  low-water,  above  Bayou  KapideH, 
with  two  rapids  one  mile  above,  having  a  fall  of  one  foot.  The  n>ck  forming  the  bed 
of  the  river  consists  of  an  extremely  soft  and  friable  sandstone  slightly  impregiiat'ed 
wil^  marl.  The  stono  yields  readily  to  the  kuifi;  or  any  hard  body,  and  may  bo  crushed 
by  the  finger. 

AYK>iit  fourteen  hundred  feet  abovt?  the  lower  falls  the<-hannel  divides,  one  (the  main 
GhaDnel)nmning  over  to  the  eastern  and  the  other  keeping  close  to  the  we8t<irn  shore. 
In  a  choice  as  to  which  of  the  two  channels  should  be  cleared  I  had  t-o  consider  two 
things — ^tirst,  the  comparative  expense  of  the  two,  and,  second,  the  beueticial  results  to 
be  produced.  If  we  cut  the  eastern  passage,  we  take  the  one  chosen  by  nature,  and, 
in  this  instance,  tlie  most  proper.  If  the  western,  we  throw  the  whole  force  of  the  cur- 
rent against  the  banks  upon  which  the  town  is  built,  and  might  cause  the  destruction 
of  a  large  portion  of  the  town.  The  expense  is  in  favor  of  the  eastern  channel,  and  I 
shaU  acooraingly  make  my  estimate  for  it.  The  profile  shows  the  section  of  the  bed 
of  the  river,  with  the  bar  or  beds  of  rock  which  it  will  be  necessary  to  remove.  The 
e0timat<es  are  made  for  a  channel  sixty  feet  wide,  with  depths  of  nix  and  eight  feet. 

Dunbar  considered  the  iiassage  ^ving  a  de])th  of  eight  feet  of  water 
over  both  falls  as  preferable,  and  so  recommended  it,  the  estimated  cost 
being  $28,000. 

It  seems,  further,  that  the  legislature  iiiaile  au  appropriation  for  the 
work,  but  nothing  whatever  was  done,  a«  it  seems  that  Dunbar  feared 
that  the  removal  of  the  barrier  would  injure  the  navigation  above.  He 
says: 

I  desire  to  submit  this  matter  again  to  the  consideration  of  the  board  and  to  the  leg- 
islature, and  I  was  impelled  to  this  course  from  a  fear  that  when  these  obstructions 
were  removed  at  the  point  where  they  now  exist  new  ones  of  a  similar  character  would 
present  themselves  at  a  point  higher  up  the  river.  Such  is  the  opinion  of  many  per- 
sons with  whom  I  conversed  on  the  subject,  and  who,  I  am  inclined  to  think,  have  a 
good  knowledge  of  the  river.  A  fear  that  their  opinion  might  be  correct,  and  that  the 
expenditure  of  this  heavy  sum,  appropriatt>d  at  a  time  when  our  State  was  so  much 
embarrassed  by  its  pecuniary  responsibilities,  might  be  made  without  a  corresponding 
henefit,  induced  me  to  iucuV  the  responsibility  of  postponing  the  completion  of  the 
ooatraot ;  and  I  was  8trengthen(>d  in  the  propriety  of  this  course  from  the  fact  that  no 
ii^my  could  result  from  this  delay,  for  the  reason  that  the  work  can  only  be  done  when 
the  water  in  the  Rod  River  is  low.  I  now  submit  this  matter  to  the  legislature  and 
Tonnelves  for  new  instructions. 

In  1852,  A.  I).  Woolbridge  says : 

A  oanal  or  channel  should  be  cut  r)0  feet  wide  through  the  falls  at  Alexandria,  and  all 
tlie  water  thrown  into  said  channel  by  walls  laid  in  cement  ux)on  the  rocks,  across  the 
balance  of  the  river.  I  am  convinced  were  this  done  that  the  present  amount  of  water 
passing  over  the  falls  would  give  from  5  to  7  feet  depth  in  this  channel,  without  in  the 
Mast  lowering  the  water  above.  In  fact,  that  we  should  have  better  water  in  this 
channel  than  we  now  have  on  the  bars  above  and  below.  The  bars  in  Red  River  can- 
not be  removed.  They  are  compow^l  of  quicksand,  with  one  or  two  exceptions,  and 
are  ccmstantly  shifting  with  every  stage  of  water,  and  with  every  accidental  change 
of  the  current.  In  many  places  the  only  practicable  channel  is  obstnnfted  by  fallen 
lunber  or  snags.  Were  all  these  removed,  at  the  lowest  stage  of  water  the  navigation 
would  be  vastly  improved,  an<l  perhaps  never  entirely  suspended. 

In  1863^  in  the  report  of  George  W.  Morse,  Stnte  Engineer,  we  find : 

I  have  thought  it  quite  unncc-essary  that  I  should  make  a  survey  of  the  falls  neiir 
Alexandria,  in  arcordance  with  act  No.  80  of  the  last  legislature,  as  the  work  of  re- 
moving the  obstructions,  I  know,  was  going  on  under  the  sujMirintendence  of  Colonel 
De  Biusy,  the  able  engineer  appointfKi  by  the  commissioners.     I  presume  that  after 
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the  examination  and  surveys  which  he  has  made,  he  will  be  able  to  demonstrate  the 
utility  of  the  work  now  in  progress. 

A  stream  which  already  brings  to  market  about  300,000  bales  of  cotton,  while  its  re- 
sources are  not  half  developed,  one-half  of  which  at  least  pays  one  dollar  extra  on 
account  of  the  obstructions,  without  counting  the  extra  cost  of  transporting  other  arti- 
cles, is  worthy  of  the  very  best  improvement  which  can  be  adopted. 

It  soems  from  this  report  that  a  contract  had  been  made  with  Messrs. 
Maillefort  &  Easlorflf,  of  "New  York,  for  the  removal  of  a  portion  of  the 
rock,  with  what  success  is  shown  by  the  following  report. 

In  1854,  George  W.  Moore  says : 

It  is  probably  my  duty  as  State  engineer  to  call  the  attention  of  your  honorable  body 
to  the  present  situation  of  the  falls  in  Red  River  at  Alexandria,  and  to  the  generally 
bad  condition  of  that  stream.  Commissioners  were  appointed  and  monev  appropriated 
for  the  removal  of  the  falls  by  an  act  of  the  legislature,  approved  March  11,  1852.  In 
the  sunmier  of  1853  an  attempt  was  made  to  blast  them  out  by  Messrs.  Maillefort  A 
Raslorff,  of  New  York,  which  certainly  did  not  improve  the  condition  of  the  river,  and 
last  year  nothing  was  done,  notwithstanding  an  additional  appropriation  was  maae  for 
tliat  purpose.  It  is  high  time  that  a  stream  which  now  brings  to  market  nearly  one- 
eighth  of  the  cotton  crop  of  the  United  States,  and  which  will  be  doubled  in  the  next 
ten  years,  should  be  relieved  of  such  an  embarrassing  impediment  to  its  navigation.  I 
have  not  yet  seen  any  reason  to  change  the  views  expressed  in  my  first  annual  report 
in  reference  to  the  necessity  of  locks  at  this  point,  except  as  to  their  location.  I  have 
had  a  good  opportunity  during  the  last  summer  to  make  examinations  of  the  rook,  and 
have  such  samples  in  my  otfice  as  will  show  clearly  its  character,  from  which  I  judge 
that  a  crane  pronerly  arranged  for  dredging,  and  attached  to  one  of  our  heaviest  State 
boats,  would  without  difliculty  excavate  the  required  channel  through  it.  The  rock  at 
the  falls,  when  wet,  can  be  easily  cut  with  an  ax  or  a  crowbar,  and  if  the  spoon  at- 
tached to  the  crane  should  meet  with  any  hard  substance  which  it  wonld  be  unable  to 
remove,  it  could  be  dislodged  with  powder  or  a  falling  bar  of  iron.  My  examinatioim 
have  convinced  me  that  there  is  room  enough  on  the  north  side,  in  the  bed  of  the  river, 
between  the  hill  and  the  low-water,  in  which  to  place  a  lock,  which  I  would  propose 
to  construct  partly  of  the  hardest  portion  of  the  rock,  and  the  rest  of  cast  iron,  the  gates 
of  which  to  be  high  enough  to  hold  the  water  2  or  3  feet  above  low-water  mark  only, 
BO  that  when  the  river  was  up  they  should  be  oj>en  and  entirely  covered.  Such  a  look 
would  not  be  very  expeusive  if  the  excavations  could  be  made  with  a  dredgeboat,  par- 
ticularly as  with  her  crane  she  would  deposit  the  earth  on  the  outside,  so  as  to  form  a 
coffer-dam  in  the  shallow  water,  into  which  a  part  of  the  basin  might  run.  This  im- 
pediment costs  the  State,  in  advanced  prices  of  freight,  not  less  than  $300,000  upon  an 
average  per  year,  and  less  than  one-half  of  that  sum  would  remove  it.  A  look  here,  and 
wing-dams  in  a  few  other  places,  and  light-draught  boat's  could  at  any  time  navigate  the 
river  from  it-s  mouth  to  Snreveport.  There  is  always  plenty  of  water,  and  all  that  we 
require  besides  the  lock  is  to  coutine  it.  The  importance  of  the  stream  demands  more 
energetic  appliances  of  improvement.  The  low- water  of  1850  and  1854  should  not  dis- 
courage, but  rather  stimulate  our  exertions ;  for  a  judicious  expenditure  of  a  sufficient 
sum  to  construct  20  or  30  miles  of  railroad  w<mld  carry  us  through  to  Shreveport  on  3| 
feet  water  at  any  time  without  ditticulty ;  and  during  an  ordinary  low-water  season, 
such  as  has  been  experienced  at  any  time,  except  in  tlie  years  1850  and  1854,  we  conld 
easily  obtain  4  feet.  Our  State  boat,  the  Governor  Hubert,  went  to  Alexandria  on  the 
23d  of  December,  1854,  at  the  very  time  when  the  water  was  lower  than  ever  before 
known,  and  we  are  sure  that  she  draws  3^  feet.  While  the  State  is  expending  millions 
upon  railroads,  why  should  it  not  employ  four  or  five  hundred  thousand  doUars  to  prop- 
erly improve  tne  navigation  of  this  great  river,  which  must,  even  after  the  compietira 
of  the  roads,  continue  to  carry  to  market  nine-tenths  of  the  produce  of  the  yaJley,  eTea 
if  left  in  its  present  condition  f 

From  report  of  Louis  Hubert,  State  Engineer,  1856: 

Nothing  has  been  done,  I  believe,  during  the  year,  upon  the  falls  at  Alexandria.  la 
my  annual  report  I  strongly  recommended  the  construction  of  looks  upon  one  or  the 
other  falls.  1  must  here  repeat  my  recommendations.  Nothing  else  will  do;  and  the 
large  commerce  of  Red  River  (large  even  now,  and  increasing  so  as  to  be  at  some  day 
almost  incalculable)  warranto  any  outlay,  even  to  millions  of  dollars. 

He  next  takes  into  consideration  the  project  of  rendering  the  Bapides 
and  Jean  de  Jean  a  canal  of  circumnavigation  around  the  falls,  and 
proves  that  four  locks  would  be  necessary  in  eacu  stream,  and  estimates 
that  each  lock  wonld  cost  no  less  than  $35,000. 

The  rise  of  Bed  Eiver  in  1849  being  41  feet  above  the  low-water  of 
1856,  the  locks  would  not  prevent  the  overflow  of  the  Eapides  coiintry 
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From  the  reports  of  the  varioas  State  eDgiaeers  it  will  be  seen  that 
the  following  methods  of  overcomiDg  the  obstructions  have  been  pro- 
posed: 

To  build  a  lock  and  dig  a  canal  around  the  falls. 

To  open  and  enlarge  the  Ba^'ou  Kapides. 

To  remove  the  falls  or  cut  a  channel  through  the  rocks. 

To  contract  the  water-way  by  wing-dams. 

The  only  attempts  made,  however,  to  improve  the  falls  consisted  in 
cutting  away  a  portion  of  the  top,  and  also  cutting  a  channel  through 
the  rocks. 

In  May,  1864,  the  fleet  under  Admiral  Porter  operating  with  the  army 
under  General  Banks  was  caught  by  the  low- water  above  the  falls,  and 
was  extricated  from  its  i)erilou8  position  by  Colonel  Bailey,  engineer  of 
the  Nineteenth  Army  Corps,  who  built  a  dam  across  the  lower  falls, 
and  wing-dams  upon  the  upper. 

The  greater  i>ortion  of  Bailey's  dam  is  still  in  existence.  Tlie  old  chan- 
nel left  by  him  through  the  middle  of  the  structure  is  still  open,  but  the 
river  has,  however,  worked  around  the  east  end,  causing  a  considerable 
erosion  of  the  banks  above  Alexandria,  and  making  a  channel  sufficiently 
wide  and  deep  as  to  constitute  the  main  channel  of  the  river. 

In  1874  Congress  directed  a  survey  of  the  falls  to  be  made  with  a  view 
to  the  improvement  of  the  locality,  and  the  work  was  assigned  to  Major 
Howell,  whose  report  will  be  found  in  report  of  the  Chief  of  Engineers 
for  1876,  page  902  et  seq.  The  report  is  very  exhaustive  of  the  subject 
and  discusses  the  various  projects  entertained  for  the  improvement,  and 
recommends  the  building  of  a  dam  at  the  foot  of  the  upper  falls,  with  a 
lo^  and  navigable  chute,  the  estimated  cost  being  $97,652.99.  For  full 
details  of  the  project,  reference  may  be  had  to  Major  Howell's  report  as 
above. 

In  the  survey  made  under  my  direction  by  Assistant  Engineer  W.  M. 
BeeB,  Mtyor  HowelPs  map  was  taken  as  a  guide,  and  the  tracing  here- 
with is  f^m  that  map,  with  additional  soundings  and  cross-sections. 
The  character  of  the  rock  forming  the  falls  is  such  that  no  change  could 
resnlt  firom  the  action  of  the  water,  and  the  channel  over  the  upper  falls 
is  still  in  the  same  condition  as  above  reported.  The  additional  sound- 
ings and  references  are  noted  in  red;  those  of  the  old  are  in  black.  In 
addition  also  to  the  discharge  observations  I  caused  a  survey  of  the  river 
to  be  made  extending  up  to  Colfax,  twenty-flve  miles  above,  with  sepa- 
rate snrveys  of  the  various  shoal  places  at  present  existing. 

The  government  is  at  present  undertaking  the  improvement  of  Bed 
from  Fulton,  Ark.,  to  the  mouth,  in  the  removal  of  what  may  be 
termed  accidental  obstructions,  such  as  rafts,  snags,  &c. ;  also  the  clos- 
ing of  Tone's  Bayou ;  also  the  improvement  of  the  mouth,  which  latter  is 
at  present  under  consideration,  as  it  interests  not  only  the  navigation 
of  Bed  Biver  and  its  tributaries  but  also  the  Atchafalaya  and  its  con- 
necting network  of  navigable  channels  and  bajous. 

Kothing  yet,  however,  has  been  attemi>ted  in  the  way  of  the  improve- 
ment of  the  various  bars  and  shoal  crossings  now  interrupting  naviga- 
tion,  but  which  will  be  attempted  so  soon  as  sufiicient  appropriations 
are  made  to  carry  on  such  work.  The  improvement  of  the  falls  must 
necessarily  constitute  another  work,  a  part  of  whatever  plan  may  be 
fUlopted  for  giving  good  low- water  navigation  in  Old  Biver. 

IVow  regaining  the  depth  required  for  navigation.  Major  Howell,  in 
his  report,  states  that — 

The  depth  of  the  channel  over  the  upper  falls  (3  feet)  would  be  safficieDt  at  extreme 
low-water  for  Buch  vessels  as  cau  engage  in  the  low-water  trade  of  Ked  River,  if  it 

86  £ 
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noti  ff >r  zhit  aarro^  iu^sb  of  die  cliaiiiieL  tia  abrrrpc  Tmnusw  c&je  T^IiDeiCT  of  i&e  cvrmtt 
tbrnacji  iir.  ami  its  rock  bnctom. 

Tlut'fCA7imi«LS  a«  to  tihe  sni&ewi^^y  of  depch.  u  baaisd  on.  izLfiimiaiaiiiL  gvned 
fce^mhoac  aif^ii  who  lurre  fi>r  j^aua  bmi  en^icisii  m.  cltf  Kisd  Strer  CCMie.  u  dbfr 
cIlsc  lii^TiTLz  two  mnarha  of  eai:h  j«4r  cli«y  eonns  oa  onl?  ±  lfe«Ki:  die  gwq  nmiic&B 
on.  oclj  ^2  f^t :  3kiui  d>r  the  renukiiuier  of  the  ji!ar  on  <getrfTenii  nATispaQiTii  from  tbe 
Mi.-wiMi  Dpi  *<>  JLexaniiriA.  From  Alexudzia  to  ^^hxv^Teport.  linziiuc «aiininB  Low-i 
jk  iixanz^^  of  i  ij^t  diat  be  carrieti.  with,  eooaderabie  •iidienltj.  iivier  mad.  Ima ; 
iniT  jk  rieprh  oif  water  of  only  ^>  in)i!he&.  _ 

When  theT»t  L*  5  fitei:  of  water  over  she  Tpper  fik^ jw  *  fees  asaj  je  cacniMl  mmL 
to  Oran#i  EJror*^.  and  ^3  f*^i«  to  ?hrev«*jn>r:. 

Ini«'/miarioti  frritn  rhe  ^aine  parties  waa  to  the  rd&n:t  that.  with.  rai»  w^aer  in,  ch«  riT« 
at  Alt^xandha  Z  feet  hi^er  tKaa  as  the  time  •>f  4arv-ej.  b»}as»  faised,  tv  Inw-waeer  UTi- 


l^atloa  of  the  r.Ti^T  are  ah>  to  pdiw  the  £kllt»  withixzt  troable.  T!ui!«  fiivc  higj^ttc  wvold 
maki^  the  n^a^iinj^  oq  the  T.'=it<^i  ^ra*f»s  xaap*-  as  the  beiciciizi;^  of  mu  oaviiciJMe  scage 
Jfr  a>i*)v*  zero. 

On  tlii^  latter  point  my  gaage  at  Ale^cazHiria  alkow»  ti^^  from.  ISTi  to 
1^70  there  were  the  foIl«>wiiig  number  of  days  apoa  w&k&  Ae  gauge 
reailing  wa^  belov  ^^.  and  that  coaiseqiieDtly  the  oaTigacBM  otct  the 
fiilLi  might  be  eoiundered  2l^  virtually  ^o^pended — 


Septem'fjer 13 

October 31 

Xorenifier ,-. 3^ 

Deeember 19 


Total  for  K-2 


S«^«ii'r-*T . ..  9 

OtZClf^T 15 

lor^lioT  \^.Z 24 

l'^4. 

Aogo-^t 13 

-fk^tem^ier 39 

October 14 

XoT^mber Jl 

Deeemf*^ 17 

Tola*  for  K4 96 

Jnlr T 

Aogiuit .... 10 

October 7 

XoTember .....  9& 

December. . It 


T'ltal  for  I'fsh 


1»76. 

September 3 

October *- 31 

Kovem>jer ..••...  39 

December -.-......-.......,  31 

ToUlforie76 "^ 

1877. 

Jmnnary 83 

August 16 

September 3» 

October ;B 

Total  for  1W7 91 
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187a  Days. 

October 28 

yovember 30 

December 8 

Total  for  ld78 ~66 

1879.* 

June 2 

July 31 

August 31 

September 30 

October 31 

November 30 

December 20 

Total  for  1879 175 

Total  from  1872  to  1879,  incluHive 701 

The  water  in  Red  River  since  the  survey  this  year  has  been  lower 
than  ever  known  before ;  my  gauge  at  Shreveport,  showing  a  stage  3.5 
below  the  low-water  of  1878,  and  2.5  below  the  low-water  of  1872.  At 
Alexandria  it  was  .5  lower  than  1872,  or  3.1  below  the  zero  of  the  gauge 
at  that  place.  From  Alexandria  to  the  mouth  not  over  20  inches  of 
water  could  be  found  upon  the  great  majority  of  bars. 

As  before  stated,  as  the  government  has  undertaken  to  improve  the 
naTigation  of  Red  liiver,  the  improvement  of  the  falls  must  necessarily 
be  taken  into  consideration.  If  it  be  found  necessary  to  provide  for  the 
passage  of  the  upper  fiiUs  by  a  dam  with  a  lock  and  navigable  chute, 
that  proposed  by  Major  Howell  I  deem  the  best  under  the  circumstances, 
requiring,  however,  an  enlargement  of  the  lock  for  the  size  of  boats  that 
could  navigate  the  river  when  there  is  a  5-foot  stage  of  water,  for  we 
find  among  the  boats  the  Laura  Lee,  210  feet  long ;  Kate  Kinney,  200 ; 
and  the  Jesse  K.  Bell,  225. 

In  considering  the  method  of  improvement  by  cutting  a  channel 
through  the  upper  falls,  I  do  not  think  that  the  danger  of  draining 
the  pond  above  or  injuring  the  navigation  of  that  section  of  the  river 
need  at  all  be  apprehended.  The  obstruction  acting  as  a  dam,  the  back- 
water proportionately  increases  the  depth  over  the  bottom  and  tends 
to  improve  the  navigation  above,  but  Red  River  being  a  sedimentary 
stream,  the  check  given  to  its  current  by  the  back-water  causes  the 
sediment  to  be  deposited  throughout  the  entire  distance  of  the  retarda- 
tion, and  it  is  possible  that  the  falls  shoal  rather  than  deepen  the  water 
above.  Upon  the  removal  of  the  obstruction  the  alluvial  deposits 
would  all  be  washed  out  by  the  increased  velocity  of  the  current. 

The  survey  made  by  Mr.  Rees  shows  that  the  average  fall  fipom  Col- 
fax to  the  head  of  the  upper  falls,  a  distance  of  24  miles,  is  .267  foot 
g)r  mile,  with  5  shoal  ])laces  in  that  distance,  the  only  rocky  formation 
nnd  being  De  Loche^s  rocks,  about  5  miles  below  Colfax.  These,  how- 
ever, project  from  the  bank,  and  there  is  a  good  depth  of  water  in  the 
river  at  that  locality. 

The  length  of  the  upper  falls  is  935  feet;  with  a  total  fall  (low- water 
slope  of  1874)  of  2.5  foot. 

T&ie  length  of  lower  falls  is  500  feet ;  total  fall'  (low-water  slope  of 
1874)  is  ^  foot. 

Intermediate  reach,  4,565  feet ;  (low  water  slope  of  1874)  .5  foot. 

As  it  is  not  contemplated  to  cut  away  the  entire  ledge  to  a  sufficient 
depth  for  navigation  purposes,  but  only  a  channel  sufficiently  wide  for 


« 


Not  jet  completed. 
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ike  passage  of  a  steamer  and  loaded  barge,  tbe  lowering  of  the  slope 
above  I  do  not  deem  will  be  sufScient  to  affect  the  navigation,  and  the 
increased  velocity  will  not  be  great  enough  to  caose  any  great  addi- 
tional trouble  to  the  steamers. 

For  the  upper  falls  it  is  proposed  to  take  the  line  shown  on  the  trac- 
ing herewith  along  the  eastern  shore,  and  excavate  a  channel  so  as  to 
obtain  a  width  of  75  feet,  and  a  permanent  depth  of  4^  feet  below  the 
plane  of  low- water  of  1874 ;  as  at  this  latter  stage  there  was  a  scant  3 
feet  over  the  upper  falls,  the  bottom  of  the  cut  would  give,  say,  an  aver- 
age additional  cutting  of  1^  feet.  In  the  proi)osed  cut  it  has  been  the 
aim  to  take  advantage,  as  far  as  possible,  of  existing  depth  and  channel 
direction.    The  total  length  of  the  cut  is  1,150  feet. 

On  the  lower  falls  it  is  proposed  to  build  a  dam  with  the  rock  taken 
out  of  the  cut  above,  from  the  point  above  the  cutting  on  the  Alexan- 
dria side  over  to  the  end  of  the  Bailey  dam,  and  aUow  the  old  channel 
through  the  dam  to  become  the  new  one.  The  raising  of  the  water  sur- 
face above  the  lower  falls  by  this  improvement  will  tend  to  diminish 
the  fall  caused  by  the  cut  through  the  upper  falls. 

The  estimated  cost  of  this  improvement,   excavating  5,62G  cubic 
yards  of  rock,  with  coffer-dam,  &c.,  and  building  dam,  is  $39,945.60. 
Very  respectfully,  your  obedient  servant, 

W.  II.  H.  Benyaurd, 

Major  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 


O   25. 

EXAMINATION  OF  YALLABUSHA  RIVeR,  MISSISSIPPI. 

United  States  Engineer  Oppiob, 

Memphis^  Tenn.^  December  20, 1879. 

General  :  I  have  tbe  honor  to  submit  the  following  report  n]K>n  an 
examination  of  the  Yallabusha  Kiver,  Mississippi,  provided  for  by  act 
of  Congress  approved  March  3,  1879,  and  assigned  to  me  by  letter  of 
April  25,  1879. 

The  examination  was  made  by  Mr.  W.  M.  Bees,  assistant  engineer^ 
whose  report  will  be  found  annexed,  and  was  made  with  a  view  of  de- 
termining the  character  and  extent  of  the  obstructions  to  navigation, 
with  estimated  cost  of  removal,  and  the  nature  and  extent  of  the  com,- 
raerce  to  be  benefited. 

The  Yallabusha  is  a  small  stream  (estimated  to  be  about  90  miles  in 
length),  and  has  its  sourcrj  in  Calhoun  County.  After  flowing  through 
Grenada  and  Le  Flore  Counties,  it  unites  with  the  TallaJiatchie  and 
forms  the  Yazoo  River.  The  examination  shows  that,  like  all  the  streams 
in  that  section  of  the  country  and  in  the  Yazoo  basin,  the  main  obstruc- 
tions to  navigation  are  snags,  sunken  logs,  and  leaning  timber,  the  re- 
moval of  which  constitutes  the  principal  work  to  be  carried  on  with  a 
view  of  improving  the  navigation  of  the  stream,  and  of  giving  increased 
facilities  for  the  shipment  of  cotton,  and  the  return  of  plantation  sup- 
plies^ and  other  freights. 

Tlie  country  through  which  the  Yallabusha  runs  is  very  si^Eurscly  set- 
tled, and  in  a  numlier  of  places  the  land  adjoining  the  river  is  inundated 
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flt  a  high  stage  of  water.    The  shipments  ai-e  mainly  from  the  planta- 
tions back  from  the  river. 

Tinder  the  present  condition  of  affairs,  Grenada  is  the  principal  ship- 
ping point,  from  which  place,  annnally,  the  amount  of  cotton  shipped 
is  estimated  at  12,000  bales.  The  greater  portion  of  this  finds  its  way 
by  rail  to  New  Orleans.  The  shipment  by  river  last  season  amounted 
to  3,000  to  3,600  bales.  Were  the  river  improved,  no  doubt  the  greater 
portion  that  now  goes  by  rail  would  find  its  way  out  by  boat,  and  at 
redaeed  rates  of  fi-eight. 

In  the  present  condition  of  affaii*s  it  is  deemed  only  necessary  to  cut 
down  the  leaning  timber  and  remove  the  rack  heaps  and  the  most  dan- 
gerous snags.  For  this  purpose  no  snagboat  is  necessary.  During  the 
lowest  stage  of  water  a  party  can  be  sent  along  the  river  with  the  neces- 
sary tools,  &c.,  and  everything  can  be  cut  out 

The  estimated  cost  of  this  improvement  is  $7,000. 
Very  resjiectfully,  your  obedient  servant, 

W.  H.  H.  Benyaubd, 

Major  of  Engineers, 

Brig,  Gen.  H.  G.  Wright, 

Chief  of  EngineerH^  U.  S,  A. 


nKvom  OF  Mil.  w.  marshals  rkes,  assistant  knginkkr. 

Mkmi'HIS,  Tenn.,  December  11,  1879. 

Major:  I  have  the  honor  to  submit  tho  following  report  npon  an  examination  of 
Talhbbnnha  River,  MiH8i88i])pi,  made  under  instractions  received  from  you  December 
9,1879: 

On  Deceml)er  3  I  proceeded,  with  a  8kiff  and  two  experlenood  skiifmc^n,  to  Grenada, 
Mm.  December  4  and  5  being  rainy,  I  started  down  the  river  on  the  6th  and  reached 
ito  month  on  the  8th^  a  distance  which  I  estimate  to  be  about  90  miles. 

The  Yallabnsha  River  has  its  source  in  Calhoun  County,  and,  flowinii^  throuj^h  Gre- 
liada  and  Le  Flore  counties,  unit-es  with  the  Tallahatchie,  to  form  the  Yazoo  River,  at 
a  point  four  or  five  miles  above  Greenwood,  Miss.,  and  about  260  miles  from  the  mouth 
of  the  Yazoo. 

"Fixe  miles  above  Grenada  it  receiver  a  large  tributary  from  the  right  and  north  side 
eaTlcid  Schooner  River,  and  immediately  above  the  town  another  large  tributary  called 
Bogne  Creek  comes  in  from  the  left  side.  Between  Grenada  and  the  month  there  are 
•eyeral  small  tributaritw,  nearly  all  on  the  right  and  north  side.  Before  leaving  Gre- 
nada I  made  inquiries  from  prominent  citizens  both  as  to  the  navigation  of  the  river 
and  the  trade  and  resources  of  the  adjacent  country. 

l>nring  the  winter  of  1S78  -*79,  three  boat^s,  of  from  600  to  800  bale^  (of  cotton)  ca- 
paeitVy  reached  Grenada,  one  boat  making  three  trips,  or,  in  all,  five  to  six  trips, 
whicn,  at  600  bales  per  trip,  gives  from  3,000  to  3,600  bales  carried  from  this  region 
lastyear  by  steamboats.  The  total  amount  of  cotton  then  shipped  from  Grenada  was 
ISyOOO  bales,  and  had  the  boating  facilities  been  sufficient  fully  one-half  would  have 
been  shipped  by  boat.    The  boats  also  bring  up  supplies  (provisions,  &,c.). 

Prior  to  Uie  late  war,  boats  of  1,200  to  1,^0  bales' capacity  reachea  Grenada,  which 
plaoe  has  generally  been  considered  the  head  of  steamboat  navigation.  Keelboats 
earning  3^  to  400  bales  have  run  as  far  up  as  Graysport,  12  miles  above.  The  rail- 
road hndge  crossing  the  river  at  Grenada  is  a  bar  to  navigation  above. 

The  eonntrv  through  which  this  river  nms  is  sparsely  settled  near  its  banks;  in 
moetBlaoes  the  laud  is  subject  to  annual  overflow,  in  part  caused  by  back-water  from 
the  Yaaeo  River.  The  overflowed  district  extends  from  ^  to  1  mile  inland,  where  hill 
<Kr  loUing  coontry  is  reached,  much  of  which  is  settled,  producing  principally  cotton. 

At  about'  30  or  35  miles  below  Grenada  the  hill  country  ends,  and  fh>m  thence  to  its 
4losili  the  rlTer  flows  thronch  a  flat,  bottom  country  for  60  miles,  nearly  all  of  which 
il.'Ofeiflowed  almost  annnally  for  miles  back  fW>m  the  river. 

Along  the  entire  portion  of  the  river  examined  I  counted  10  clearings  and  six  or 
art'en  ttoamboat  landings.  As  the  river  was  reported  to  be  about  four  feet  above  low- 
tHrtttr  '#hai  I  Iccft  Grenada,  I  was  not  able  to  detenniiie  the  obstmotions  in  the  chan- 
iM'tHtli  M  nraeh  aocnracy  as  I  would  wish.    During  my  trip  down,  the  river  was 
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slowly  rising.    The  rise  at  Greenwood  on  Yazoo  River  was  reported  to  me  as  5  feet 
above  low-water  on  December  8. 

I  learned  from  several  sources  that  in  extreme  low-water  nnmerons  snags  are  shown, 
making  the  river  in  many  places  impassable  to  a  skiff.  With  the  river  4  feet  above 
low-water  I  counted  150  snags  in  the  channel,  besides  ten  or  twelve  rack  heaps  (threo 
or  four  of  the  largest  being  about  25  by  50  yards,  and  occupying  about  half  the  width 
of  the  river).  A  considerable  number  of  the  projecting  snags  appeared  to  be  branches, 
of  trees  which  had  fallen  in  the  channel ;  many  can  be  readily  removed  by  cutting  up 
during  low-water. 

For  about  forty  miles  below  Grenada  the  banks  have  been  cleared  of  overhanging 
trees.  This  worK  was  done  during  the  past  summer  at  an  expense  of  $600,  paid  by  the 
county  of  Grenada. 

Four  years  ago  the  grangers'  society  expended  several  hundred  dollars  on  similar 
work.  Much  of  the  timber  and  brush  cut  last  summer  is  lodged  in  the  river,  the 
greater  part  of  which  will,  I  think,  go  off  during  high-water. 

On  the  lower  fifty-five  or  sixty  miles  there  is  considerable  overhanging  timber,  form- 
ing obstructions  to  navigation ;  they  are  oak,  willow,  sycamore,  and  some  few  cypress, 
mostly  of  medium  size.  Both  banks  of  the  river  from  Grenada  to  the  mouth  are  cov- 
ered with  timber ;  the  greater  portion  of  that  suitable  for  lumber  is  oak,  of  which 
there  is  a  large  quantity-.  At  a  few  places  where  the  bluffs  reach  the  river,  pine  is 
seen.    Near  tne  mouth  is  some  cypress. 

The  width  of  the  river  at  the  present  stage  of  water  is  from  fortj'  to  sixty  yards, 
in  a  few  places,  nearer  the  mouth,  reaching  seventy  to  eighty  yards. 

The  banks  to  a  height  of  ten  or  twelve  feet  are  in  general  steep,  caving  but  in  a  few 
places.  Owing  to  the  rapidity  with  which  the  water  falls  at  times,,  boats  risk  run- 
ning to  Grenada  only  during  high-water  (six  to  ten  feet  above  low-water).  At  the 
present  stage  (four  feet)  there  is  a  good  current.  I  estimate^the  velocity  in  the  chan- 
nel at  from  two  to  three  feet  per  second,  or  one  and  a  half  to  two  miles  per  hour.  The 
country  passed  through  is  alluvial  with  more  sand  in  the  upper  part,  producing  from 
•ne-half  bale  of  cotton  in  the  uplands  to  one  bale  per  acre  on  the  bottoms. 

A  part  of  the  hill  lands  is  much  broken  by  ravines  and  gullies,  caused  by  the  rain- 
waters, thus  making  a  considerable  portion  unfit  for  profitable  cultivation.  Much  of 
the  hill  lands  are  said  to  be  very  inferior  cotton  lands. 

The  freight  rates  on  cotton  from  Grenada  to  New  Orleans  are,  via  railroad,  $3.50  per 
bale ;  via  steamboat  last  winter,  $2.50  per  bale,  and  when  improvements  are  made  im 
the  river  the  steamboat  lines  agree  to  carry  cotton  to  New  Orleans  for  $2  per  bale ; 
the  latter  is  the  present  price  from  Greenwood  on  the  Yazoo. 

In  conclusion,  frx>m  lack  of  definite  knowledge  concerning  the  river  during  low- 
water,  I  do  not  feel  justified  to  recommend  its  improvement  for  permanent  naviga- 
tion. Still  I  am  of  the  opinion  that  a  small  sum  can  be  profitably  expended  to  remove 
such  obstructions  as  will  insure  the  safe  passage  of  boats  during  at  least  four  months 
of  the  year,  which  time  the  water  is  said  to  l^  three  or  four  feet  above  extreme  low- 
water;  such  improvements  to  consist  in  the  cutting  of  overhanging  trees  and  the 
removal  of  ruck  hea])s,  and  the  most  prominent  snags,  thereby  insuring  navigation  to 
small  boats.  I  tlierefore  recommend,  as  the  amount  that  can  be  profitably  expended, 
the  sum  of  $7,000. 

Very  respectfully,  your  obedient  servant, 

W.  Marshall  Rrrs, 

A8Hi9tant  Engineer, 

Maj.  W.  H.  H.  Bexyaurd, 

Corps  of  Engineer  fly  U.  S,  A. 


O  a6. 

examination  of  tchula  lake,  mississippi. 

United  States  Engineer  Office, 

Memphis^  Tenn.y  December  20, 1879. 

General  :  I  have  the  honor  to  make  the  following  report  upon  the 
examination  of  Tchula  Biver  (or  lake,  as  it  is  callM)vMismssippi,  with  a 
Tlew  to  the  improvement  of  the  same,  in  acoordanoe  with  the  act  of 
Congress  approved  March  3, 1879. 

Having  the  snagboat  Meigs  in  the  Yazoo  and  in  the  vicinity  of  Tchula 
Lake,  I  directed  Captain  Straszer  to  make  the  examination  of  the  streauu 
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From  his  report,  and  from  iuformatiou  received  from  the  Mississippi  and 
Yazoo  Eiver  Packet  Company  in  regard  to  the  commerce  of  the  stream,. 
sufficient  information  has  been  obtained  upon  which  to  estimate  for  the 
improvement. 

When  the  Yazoo  reiU3hes  the  head  of  Honey  Island,  it^divides  itself 
into  two  branches — the  westerly  one  retaining  the  name,  the  Yazoo,  while 
the  easterly  and  naiTOwer  branch  is  named  Tchula  Lake  or  River.  The 
distance  from  the  head  to  the  foot  of  the  island,  where  the  two  branches 
again  unite,  is  about  80  liiiles. 

In  the  lower  river,  the  distance  between  banks  is  about  125  feet,  nar- 
rowing to  about  80  feet  proceeding  up  towards  Tchula  City,  about  40 
miles  distant  from  the  foot  of  the  island.  From  Tchula  City  to  the  head 
of  the  island  the  width  between  banks  varies  considerably,  being  very 
narrow  for  the  last  few  miles.  It  is  only  during  the  existence  of  a 
moderate  stage  of  water  that  boats  are  enabled  to  enter  and  navigate 
this  narrow  channel. 

The  principal  obstructions  to  navigation  consist  of  a  number  of  saw- 
yers  and  cypress  logs  in  the  lower  part  of  the  river,  and  leaning  timber 
all  the  way  from  the  foot  to  the  head  of  the  island  on  both  banks ;  also 
logs  stretching  out  from  the  banks,  some  of  them  partly  cut  oflf. 

The  country  along  the  river  is  highly  cultivated,  and  very  productive 
plautatious  join  one  another.  The  amount  of  cotton  raised  is  estimated 
at  abont  20,000  bales,  about  one-half  of  which  is  brought  out  through 
tiie  lake  w^hen  there  is  sufficient  water  for  navigation,  and  the  remain- 
der is  hauled  to  the  Yazoo,  where  there  is  navigation  all  the  year  round. 
Were  Tchula  Lake  improved,  so  as  to  admit  boats  of  a  light  draught  to 
enter  earlier  in  the  season,  no  doubt  the  greater  i)ortion  of  the  crop 
would  come  out  by  that  channel. 

The  work  of  improvement  will  consist  in  the  removal  of  the  snags, 
catting  oil'  the  outcropping  logs,  and  felling  the  overhanging  trees. 

As  the  work  could  all  be  done  in  one  low- water  season,  I  do  not  deem 
it  necessary  to  provide  a  special  outfit  therefor,  but  to  charter  a  light- 
draught  steamer  with  the  necessary  machinery,  &c.,  such  as  I  had  on 
the  Sunflower  last  season,  and  operate  with  her. 

The  estimated  cost  of  the  work  is  $10,000. 
Very  respectfully,  your  obedient  servant, 

\V.  II.  H.  Benyaukd, 

Major  of  Engineers. 

Brig.  Gen.  II.  G.  Wright, 

Chief  of  EnglneerSj  U,  S.  A. 


O  27. 

flubvey  of  the  imisstssippi  river  near  lake  concordia,  louis- 
iana, and  cowpen  bend,  mississippi,  looktna  to  the  protec- 
tion of  the  harbors  of  natchez  and  vidalia. 

United  States  Engineer  Office, 

MemphiSy  Tenn.y  February  17,  1880. 

OsmSBAL :  I  have  the  honor  to  transmit  the  following  rei)ort  upon 
ihe  *^  survey  of  the  Mississippi  Eiver  near  Lake  Concordia,  Louisiana, 
and  Cowpen  Bend,  Mississippi,  looking  to  the  protection  of  the  harbors 
of  Natchez  and  Vidalia,"  as  provided  for  by  joint  resolution  approved 
June  28, 1879,  and  assigned  to  me  by  letter  from  the  department,  under 
date  of  July  25, 1879. 
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Immediately  upon  the  receipt  of  the  instractious  the  necessary  arrange- 
ments were  made  to  commence  the  survey  at  the  eariiest  practicable 
date,  so  as  to  take  advantage  of  the  then  approaching  low- water  season 
as  affording  better  facilities  for  the  prosecution  of  the  field-work.  The 
party  was  orgiAiized  and  work  was  started  on  the  8th  of  August,  under 
charge  of  Mr.  W.  0.  Melvin,  assistant  engineer,  whose  report  is  trans- 
mitted herewith.  The  field-work  was  finished  October  8,  though  some- 
what delayed  in  the  earlier  stages  by  quarantine  regulations  and  by 
malarial  fevers  among  members  of  the  party. 

The  survey  along  the  Mississippi  River  extended  from  Eifle  Point  to 
Amelia  Landing,  below  Yidalia,  a  distance  of  about  15  miles,  with  vari- 
ous cross-sections  of  the  river,  levels,  soundings,  and  borings.  It  em- 
braced also  both  arms  of  Lake  Concordia,  the  head  of  Bayou  Oocodrie, 
and  the  adjacent  country.  It  was  made  with  a  view  of  determining 
the  danger  which  at  present  threatens  the  destruction  of  the  harbors  <rf 
Natchez  and  Vidalia  by  reason  of  the  possibility  of  the  Missis8ii)pi  cut- 
ting through  Giles'  Neck  and  also  into  Lake  Concordia,  and  to  present 
plans  with  estimates  for  the  prevention  of  the  same. 

From  the  map  it  will  be  seen  that,  after  leaving  Rifle  Point,  the  Mis- 
sissippi, turning  westwardly  (Giles'  Bend),  sweeps  around  Marengo  Bend, 
and  returning  almost  upon  itself  takes  another  turn  around  Gowpen 
Bend,  at  the  lower  extremity  of  which  is  situated  the  city  of  Natchee* 
l%e  distance  around  the  Bend  is  about  9  miles,  while  across  the  neck  of 
land,  from  Giles'  Bend  to  Cowpen  Bend,  the  distance  (as  measured  at 
the  close  of  the  survey)  was  but  a  little  over  6,000  feet.  In  1858  it 
measured  3  miles.  This  neck  of  land  is  becoming  more  and  more  nar- 
row each  year  from  the  constant  caving,  due  to  the  eroding  action  of 
the  current  on  both  sides,  though  particularly  on  the  north,  or  in  Gilee* 
Bend.  The  rapidity  with  which  this  caving  has  taken  place  lately  may 
be  judged  from  the  fact  that  during  the  survey,  from  the  20th  of  August' 
to  the  7tli  of  October,  the  bank  on  that  side  had  caved  away  in  a  straight 
line  394  feet.  Should  the  river  cut  through  this  neck  (and  the  possibility 
is  that  it  will  do  so  at  no  great  future  time),  it  will  cut  away  the  Katchez 
bar  and  the  point  of  land  on  which  Vidalia  now  stands,  which  will  be 
followed  uj)  by  the  formation  of  a  bar  on  the  opposite  side  and  in  front 
of  Natchez. 

The  caving  in  Giles'  Bend  extends  from  the  lighthouse  i)OSt  at  the 
head  of  the  bend  to  Dunham's  Bar  at  the  foot ;  this  caving  being  great* 
est  about  the  middle  point,  where  it  is  constantly  going  in  by  a  gradual 
sloughing,  with  a  movement  almost  imperceptible  to  a  casual  observer. 
The  lengtli  of  the  bank  caving  is  about  3  miles. 

The  caving  on  the  opposite  side,  or  Cowpen  Bend,  commences  about 
half  a  mile  below  Dunham's  Bar  and  continues  down  below  the  Natchez 
light-post,  the  measured  distance  being  about  3  miles.  The  heaviest 
caving  is  fi*om  the  mouth  of  the  small  bayou  that  drains  Giles'  Neck 
down  to  the  light-post.  This  neck  of  land  I  consider  the  most  impor- 
tant in  connection  with  the  protection  of  the  harbors,  and  is  the  first 
point  to  which  any  remedy  should  be  applied  looking  to  the  protection 
of  the  water  fronts  of  Natchez  and  Vidalia. 

There  seems  to  be  some  apprehension  that  the  Mississippi  will  cut 
into  Lake  Concordia.  This  arises  from  the  caving  taking  place  around 
the  entire  length  of  Marengo  Bend,  from  the  foot  of  Bifle  Point  Bar  to- 
t^e  head  of  Natchez  Bar,  a  total  distance  of  about  7  miles.  At  tw«^ 
points  the  caving  goes  on  by  constant  and  gradual  sloughing;  the  first, 
at  the  old  inlet  to  Lake  Concordia,  at  Bullitt's  Bayou;  the  second,  1  mfle 
below,  at  the  old  bed  of  Grassy  Lake.    All  the  other  parts  of  the  bank 
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cave  upon  a  falling  river,  when  the  different  strata  of  sand  composing 
the  bank  have  been  wajshed  out,  causing  the  8ux)erincuinbeyt  mass  to 
tumble  into  the  river. 

The  caving  is  due  to  the  eroding  action  of  the  Mississippi  current, 
.which,  after  leaving  Giles'  Bend  a^ve,  crosses  to  the  Louisiana  shore 
and  runs  with  ite  greatest  force  along  the  upper  part  of  the  bend,  par- 
ticularly at  the  old  head  of  Lake  Concordia.  The  distance  from  the 
inner  bank  to  the  lake  here  is  about  800  feet.  There  is  some  possibility 
of  the  river  making  its  way  through  the  lake  again  at  this  point  at  high 
water.  It  is  more  probable  that  in  the  event  of  continued  caving  the 
high-water  will  pass  through  the  low  grounds  near  the  old  track  of  Bul- 
litt's Bayou  toward  the  Marengo  swamps,  and  into  the  lake  at  the 
Waterloo  and  Marengo  breaks,  this  course  being  much  the  shorter. 

The  bank  has  caved  in  the  vicinity  of  Bullitt's  Bayou  in  the  past  three 
years  upwards  of  1,800  feel ;  about  a  mile  and  a  half  below  the  average 
caving  up  to  last  year  was  about  800  feet  a  year  for  several  years  past. 
Last  year  it  showe<l  quite  a  decrease  in  the  nite,  and  seemed  to  be 
checking  up.  The  remainder  of  the  bend  has  been  caving,  but  seems 
to  be  on  the  decrease. 

Shonld  the  caving  continue  in  the  middle  of  the  iKjnd,  there  seems  t« 
be  some  danger  of  high-water  also  going  through  the  low  land  at  that 
part  of  the  willow  swamp  known  as  Grassy  Lake.  It  would  be  in  the 
iminediate  track  of  the  water  from  several  crevasses  that  have  occurred 
in  the  levees  since  1800.  The  cross-sections  show  the  extent  of  the 
damage  by  washing  and  the  facilities  created  for  a  rapid  flow  from  the 
river  to  the  break  at  this  i)oint.  This  water  would  flow  into  Bayou 
CSocodrie,  which  leads  out  from  the  south  arm  of  Lake  Concordia  intm 
Black  Kiver  some  few  miles  above  its  junction  with  Red  Kiver,  and 
would  tend  to  keep  the  Black  and  Tensjis  rivers  continually  in  an  over- 
flowed condition  during  high-water  in  the  Mississippi. 

The  danger  to  be  apprehended  from  the  river  cutting  into  Lake  Con- 
cordia I  believe  to  l)e  overestimated.  At  high- water  it  would,  as  stated. 
overflow  the  Black  Kiver  swamps  through  Bayou  Coccxlrie.  This  could 
be  remedied  by  damming  tliis  bayou  at  its  head  and  building  a  levee 
from  thence  to  Rifle  Point  levee  along  the  south  arm  of  Lake  Concordia. 
The  height  of  this  levee  would  be  about  5  feet,  and  the  total  length  about 
9  miles.  The  tendency  of  the  flood-waters  would  be  to  fill  up  the  lake 
ftt>m  the  dei)Osition  of  se<liment,  while,  as  the  waters  receded,  the  ten- 
dency would  be  to  drain  the  greater  part  of  the  lake. 

For  the  prote<;tiou  of  the  harbors  of  Natchez  and  Yidalia,  it  is  recom- 
mended that  the  remedy  be  first  applied  to  the  caving  bank  in  Giles' 
Bend.  Instead  of  any  system  of  spur-dikes,  &c.,  1  would  propose  to 
revet  the  caving  bank  with  brush  and  stone,  such  as  has  been  applied 
to  other  caving  banks  on  the  Mississippi  River.  The  length  of  the 
caving  bank  in  Giles'  Bend  needing  protection  is  15,800  feet. 

The  length  of  the  bank  needing  protection  around  Marengo  Bend  is 
about  7  miles,  a  long  distance,  and  therefore  must  necessarily  be  ex- 
pensive. It  is  proposed  to  adopt  the  same  method  of  protection  as  in 
Giles'  Bend. 

As  the  opposite  side  of  Giles'  Neck,  that  is,  Cowpen  Bend,  is  not  cav- 
ing to  such  an  extent  as  to  warrant  any  apprehension  of  serious  dam- 
age to  the  harbor  of  ^N^atchez  at  the  present  time,  it  is  not  deemed 
necessary  to  recommend  any  improvement  of  that  bank  immediately, 
bat  await  the  result  of  the  work  in  the  bends  above.  It  is  possible  that 
at  some  future  time  work  may  have  to  be  continued  along  this  bend  also. 
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ESTIMATES. 

For  protection  of  Giles*  Bend  with  brush  and  stone  revetment,  15,800  feet, 
at  |18  per  foot $284,400 

For  protection  of  Marengo  Bend  with  brush,  &c.,  about  36,400  feet,  at  $18 
per  foot 055,200 

The  maps  are  not  all  finislied  yet,  but  I  deemed  it  best  to  forward  the 
report  in  time  for  action. 

Very  respectfully,  your  obedient  servant, 

W.  H.  n.  Benyaurd, 

^fajor  of  Engifieers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  S.  A. 


RP:P0RT  of  MR.    W.    C.    MELVIN,    ASSISTANT  ENGINEER. 

Sir:  I  have  the  honor  to  siibinit  a  report  of  my  operations  in  and  near  the  Natchez 
Harbor. 

I  commenced  work  in  the  fiehl  on  the  ^x\\  day  of  Aujjust,  1879,  having  brought  with 
me,  from  New  Orleans,  H.  K.  Hodges,  assistant  engineer,  as  leveler ;  Hiram  Henry, 
rodinan;  Charles  O'Dowd  and  Frank  Walgamoth,  as  chainmen;  John  Hodge,  boat- 
man ;  and  Richard  Concry,  as  camp  cook. 

On  arriving  at  Natchez  I  found  we  would  not  bo  permitted  to  land  anywhere  near 
the  town,  or  to  hold  communication  with  its  inhabitants,  and  I  fixed  camp  at  Bullitt's 
Bayou,  it  being  about  the  most  central  point  for  work.  I  ran  a  base-line  north  4^  55' 
east  from  a  stake  set  on  the  ton  of  Marenjjo  levee,  4"»  feet  from  the  brink  of  the  river 
bank,  across  the  Mississijipi  Kiver  to  Dunham's  Bar,  to  the  bank  of  the  river  again, 
the  line  being  12,750  fe^t  from  Station  0  to  Station  1.  The  line  continued  south  A^  55' 
west,  from  0  to  the  south  bank  of  Lake  Concrordia,  3,873  feet.  This  line  forma  a  base- 
Mne  for  all  work  and  divides  it  into  an  east  and  west  division.  The  lines  of  traverse 
all  start  from  this  line ;  the  level  lines  also.  The  east  line  starts  fr^m  Station  0 
and  runs  down  the  river  to  Station  44,  near  the  Amolia  gin  house,  below  the  town  of 
Yidalia,  and  the  end  of  the  survey  down  stream. 

The  west  line  starts  from  the  same  station,  0,  and  runs  up  stream  to  Bullitt's  Bayou 
at  Station  62;  then  across  the  head  of  Lake  Concordia  to  Good  Hope  road;  then  re- 
crossing  an  arm  of  the  lake  to  Vidal's  Island,  and  down  the  north  side  of  the  island 
to  Sahara  Ferry  ;  and  crossing  the  south  ann  of  the  lake  again  connects  at  Station  S8 
of  south  bank  lake.  line. 

On  the  land  lying  between  the  river  and  the  lak«»,  many  lines  were  run  for  topo- 
graphical purposes  and  location  of  some  of  the  more  prominent  sloughs  and  bayous, 
and  to  determine  the  extent  of  the  swamps. 

Several  lines  were  cut,  to  make  accurate  cross-sections  from  the  lake  to  the  river  at 
points  at  which  the  river  will,  if  not  checked,  go  through  to  the  lake.  The  most 
Botable  is  the  line  from  the  Waterloo  break  t^  Station  32,  west  line.  These  lines,  as 
in  fact  almost  all  of  my  work,  were  a  tiresome  distance  from  camp,  and  I  deemed  it 
economy  to  employ  a  wa^^on  and  team  for  carrying  ns  back  and  forth.  I  could  use 
our  own  skitf  for  some  of  it,  but  not  all. 

Mr.  Hodge's  death  was  a  drawback  ou  the  progress  of  the  work.  It  seemed  at  the 
time  that  the  whole  of  my  party  from  New  Orleans  would  be  down  sick.  The  two 
colored  men,  Hodge  and  Concry,  I  was  compelled  to  send  back,  one  of  them  (Conciy), 
I  learned  since,  died  of  malarial  fever ;  Walgamoth  is  also  still  sick  with  the  same  oia- 
ease  in  New  Orleans ;  add  to  it  all  the  rains  and  quarantine.  I  was  under  many  disad- 
vantages.  On  the  5th  of  September  I  engaged  Captain  Aoams,  of  Natchez,  to  take 
the  place  of  Mr.  Hodge.  He  has  been  with  me  all  the  time  since,  *and  very  satisfacto- 
rily performed  the  duties. 

On  the  14th  of  October^  having  no  longer  any  use  for  them,  I  discharged  Hiram 
Henry,  rodman,  and  all  of  the  axmen  and  flagmen,  and  retained  in  camp  0*I>owd, 
Doherty,  and  Brewerton,  and  the  cook,  Phil.  Cunningham. 

After  a  brief  history  of  the  operations,  as  above  reported,  it  is  proper  to  give  yoa  a 
statement  of  general  features  of  ground  and  river  embraced  in  this  survey,  commene^ 
ing  with  Gile?  B»nd  and  Swamp,  both  occupying  a  very  important  place  in  aay  f«r 
tore  work  that  may  be  done  in  connection  with^the  improvement  of  the  NatehM  and 
Yidalia  harbors.  The  bend  is  on  the  Mississippi  shore,  and  forms  the  river  bank,  ourv- 
ing  around  Rifle  Point  Bar,  and  ends  at  the  up-stream  end  of  Dunham's  Bar,  in  front 
or  Giles'  Swamp ;  and  that  you  may  the  better  understand  the  position  ai  both  bend 
and  swamp,  I  will  commence  at  the  lower  part  of  it. 
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At  It  point  beuriii);  norlh  Sc"  ofK  east,  from  Light-Poat  Station  31  east  liue,  to  st-ake 
on  lop  of  Ijauk,  oil  a  line  bearioK  north  15''  weBt,  ouross  Oilea'  Svaiup  to  Oilcs'  Bend 
is  6,408  feet  from  bank  to  bank.  The  same  line,  if  meaaureclin  1858,  won  Id  have  meae- 
ared  a  little  less  than  three  mileg.  All  the  changes  have  been  at  the  north  end  of  the 
line,  and  the  river  is  to-day  paaaiue  over  the  same  bed  that  it  did  Qftry  fears  a^.  The 
cottou-vood  trees  groicinK  on  both  banks  are  abundant  proof  of  this.  The  neck  nf 
laud  thai  this  line  crosses  is  called  Giles'  Swamp,  and  the  benil  it  starts  Irom  in  Cow- 
pen  Bend. 

The  appearance  of  the  soU  has  all  the  appearance  of  tlie  slow  fillioj;  up  from  alow 
moving  water  ^m  the  MiMissippi  River,  deporting  fine  sand  aud  vegebiblQ  decom- 

Sofition,  and  is  estremely  friable.  The  more  north  we  go  the  greater  evidence  we 
od  of  a  former  swaoip.  In  the  bed  of  the  sloughs  are  occaMonsJ  cypress  trees,  but 
not  of  a  very  old  Growth.  On  the  north  limit  of  the  tine,  01168*  Bend,  the  banks  care 
or  rather  slide  offlrom  the  top  ilowu  to  the  water,  moving  ontward  at  the  some  time, 
and  the  earth  is  washed  away  by  the  cnrrent.  This  movement  is  continnally  goiHK 
on,  the  bank  ahowing  a  regular  fiiiccesaion  of  steps  from  the  wat«r  edge  to  the  ton  oT 
iJie  bank,  2  to  3  feet  high,  and  2  to  10  feet  on  lop.  Some  of  the  mon;  rapid  slides 
bring  to  tjie  light  cypress  stumps  from  10  to  15  feet  below  the  surface.  Tlione  are  now 
the  only  evidence  of  it  having  once  been  a  cypress  break,  for  all  through  the  neck  of 
land  are  growing  cottonwood  tre«a,  some  4  feet  in  diameter,  hackbcrry  and  ash  of  a 
very  old  erowt.h;  the  soil  on  the  surface  nowhere  showiDgthebaekshol  of  the  swamp, 


but  has  the  ashen  Cray  mellow  soil  always  foniul  in  deposit  of  river  silt  remote  front 
the  point  of  oversowing  banka.  The  rapidity  of  the  caving  in  Giles'  Bend  may  be 
cotupaled  fVom  the  observation  on  the  line.    On  the  SOtb  of  August,  I  set  a  prelimi 


Dsry  flag  fur  a  point  of  triangalation,  aud  marked  a  Irre  due  south  ftvim  it,  6S5  feet, 
the  flag  being  10  feet  firom  the  edge  nf  bank,  and  on  the  seventh  of  Ootobor  the  flag 
was  gone,  and  the  distauoe  f^m  the  tree  to  the  bank  was  '241  feet  on  the  same  line, 
ahowing  that  394  feet  of  bank  bad  gone  in  the  river.  I  describe  this  point  with  mi- 
nntenens  of  detail  that  yon  may  more  readily  comprehend  its  iuiportancii  in  any  im- 
provement contemplated,  for  I  think  it  the  most  important  point  in  the  survey,  and 
the  real  point  of  dangiir  to  the  harbor  of  Natchez.  Should  the  river  wear  its  way 
throQjEh  this  point,  ns  it  will  at  no  distant  time,  iis  courBe  will  be  to  the  east  of  tho 
line  toward  the  blnfls,  and  the  rebound  must  cut  away  the  Natchez  Bar  and  the  point 
of  land  on  which  Vidalia  now  stands.  This  will  be  followed  by  the  inevitable  sand- 
bar on  the  opposite  shore,  ('omin<>ni'ing  near  the  light-post  and  eitiiuding  to  Rocky 
Point,  below  Natohen. 

While  describing  the  character  of  Giles'  Bend  aud  Swamp,  I  have  said  but  little  of 
pointa  west,  of  the  lino  between  the  two  poiuls  of  starting  and  ending,  the  shore  being 
a  aand-bar  ealled  Diinbam'a  Bar,  IVom  the  north  end  of  base-line  to  Cowpen  Bend! 
At  the  Bontli  end  uf  Giles'  Swamp  lino  the  bar  needs  no  special  deaoription,  and  the 
nail  and  bank  from  the  lower  point  of  bar  for  half  a  mile  are  nearly  stationary,  cav~ 
ing  very  little  at  the  upper  end,  and  increasing  a  little  all  the  way  down,  then  dowa 
to  the  light-poet  at  the  old  corral  the  caving  inoreasos;  average  distance  from  the 
Bh«re  to  the  blnff  is  about  300  yards,  at  some  jpoiuta  muoli  less,  at  ethers  more.  The 
KTCatest  amount  of  cave  during  the  progreiw  of  this  survey  has  been  directly  opposite 
Station  'J7,  east  line,  From  August  12  until  October  10  it  waa  73  feet.,  sliding  cave  j  at 
ether  points  the  caving  is  by  crumbling  tram  the  lop  and  washing  at(lhe  water-line. 
At  the  light-post  also  the  caves  are  crumbling,  going  on  at  a  lessening  rate  until  we 
come  to  the  bark  spur  dike  at  the  head  of  a  ledge  of  soapetone-like  formation  above 
Brown's  Saw-mill.  This  ledue  is  7^  feet  above  the  low-water  line  (1978)  nn  the 
Natchez  gauge,  and  leaving  the  bank  at  au  angle  of  74°  extends  below  the  lower  spur- 
dike  (there  are  three  of  them),  the  whole  length  of  ledge  being  725  yards,  with  occa- 
sional breaks  through  it.  >rom  the  upper  spur-dike  down  to  the  rocky  point  below 
Natchez  the  foot  of  the  blufia  forms  the  shore  line;  the  bluffs  being  of  a  composition 
that  will  resist  the  wpariug  power  of  the  water  for  many  years.  The  rocky  point, 
which  has  a  very  gradual  slope  far  into  the  river,  la  composed  of  thin  layers  of  con- 
glomerate rock,  gravel,  and  sand,  with  slight  mixture  of  eiay.  This  is  a-s  far  down 
the  river  as  it  is  useful  to  carry  the  survey  on  the  Hissitslppibank. 

Commencing  a  description  of  the  bank  on  the  Louisiana  shore  af.  thn  foot  of  Bifln 
Point  Bar,  I  will  describe  the  dangerous  points  as  they  are  reaohnd. 

At  tbe  point  of  starting,  the  foot  of  the  bar  is  slowly  ext«nding  down  the  river 
toward  Good  Hope  Landing,  with  nearly  stationary  banks.  The  current  leaving  the 
Miseiseippi  shore  has  crossed  t«  the  Louisiana  ehore.  and  runs  with  its  greatest  force 
lit  the  head  of  the  old  bed  of  Lake  Concordia,  above  Bnilitl's  Bayou.  This  olil  bod  of 
the  river  and  lake  is  covered  with  a  growth  of  willow  trees,  some  of  them  2  feet  in 
dianaeter;  the  soil  of  a  loose  ashy  appearance  10  to  15  feet  below  the  surfooe,  then  a 
bine  clayey  anbetonce  that  dissolves  rapidly  where  mnning  water  comes  iu  contact 
with  it,  thiH  stratum  varying  in  depth  from  5  to  12  feet ;  under  this  is  a  more  tena- 
ttona  formation,  of  nearly  tbe  same  color,  varying  in  thiokness  fh>m  5  to  ij  feet;  then 
the  treaeherons  conipositiou  of  sand  and  whitish  clay,  forming  quicksand.     Caving 
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here  is  going  on  very  rapidly  at  this  timn,  and  is  only  checked  by  the  hard  vegetable 
decoimpasition  in  the  old  bed  of  Biillitt*s  Bayou.  This  now  forms  a  apur-dike,  break- 
ing the  force  of  the  current  and  forming  a  great  eddy  below  it  that  is  washiug  aw»y 
th6  alluvial  bank  below  it  for  400  yard^.  There  is  some  danger  of  the  river  makiDg 
its  way  through  to  the  lake  again  after  an  absence  of  some  centuries,  though  I  do  not 
consider  this  a  near  termination.  A  greater  probability  is,  that  in  the  event  of  con- 
tinued caving  the  river  will  pass  tnrough  the  low  grounds  near  the  old  track  of 
Bullitt's  Bayou  toward  the  Marengo  Swamps,  and  enter  the  lake  at  the  Waterloo  and 
Marengo  breaks,  this  course  being  much  the  shorter. 

The  nanks  from  Bullitt's  Bayou  (station  61,  west  lino)  to  the  edge  of  the  willow 
swamp^a  part  of  what  was  called  Grassy  Lake — is  continually  cnimbling  off.  down 
to  Station  49,  west  line;  below  this,  down  to  Station  32,  the  lower  limit  of  the  willow 
swamp,  is  a  continuous  sliding  bank,  setting  gradually  in  regular  steps;  as  it  washes 
away  from  the  water  edge  another  break  appears  at  the  top  of  the  bank.  The  soil 
here  has  much  the  appearance  as  at  the  head  of  Lake  Concordia,  except  that  the 
•depth  of  the  ashy-looking  deposit  above  the  original  bed  of  Grassy  Lake  is  greater, 
it  varying  from  10  to  20  feet  below  the  surface ;  underlaying  it  are  the  same  lasers  of 
clay,  in  greater  or  less  stages  of  perfection ;  then  the  quicksand,  with  transpiration 
water  oozing  through  from  the  lakes  and  water-hok^.  This  swamp  has  its  limits  well 
defined  by  the  timber  growing  on  and  around  it.  It  is  surrounded  bv  the  usual  kinds 
of  trees  growing  in  the  wooded  lands  here,  say,  cottonwood,  ash,  hackberrj,  and  gam, 
with  the  cottonwood  predominating,  while  in  the  lake  bed  are  willows  only,  none  of 
them  more  than  8  inches  diameter.  A  profile  of  the  surface,  on  inline  having  the 
direction  of  the  point  of  swamp  most  distant  from  the  river  to  a  levee,  will  shftw  the 
general  surface  level. 

There  is  some  danger  of  the  river  going  through  to  the  lake  at  this  swamp.  It  is 
in  the  immediate  track  of  the  waterfiow  from  several  crevasses  that  have  broken 
through  the  levees.  Since  1860  the  lands  have  been  much  washed  out.  A  oroas- 
section  from  Station  32  to  Lake  Concordia  to  a  point  150  feet  below  the  great  Water- 
loo break — in  the  lake  line  of  levels,  north  bank — will  show  the  extent  of  damase  by 
washing,  and  the  facilities  created  for  a  rapid  fiow  from  the  river  to  the  lake,  at  this 
point  alone,  with  a  very  strong  probability  that  the  Bayou  Cocodrle  would  soon  be- 
come enlan|red  to  an  extent  that  would  keep  the  Black  and  Tensas  rivers  constantly 
in  an  overflowed  condition  during  hi^h-water  in  the  Mississippi  River. 

From  this  point,  Station  32,  west  Ime,  to  the  light-post.  Station  21,  east  line,  near 
the  foot  of  Lake  Concordia,  constant  caving  is  going  on;  tne  same  foFuiatioiis  exist  in 
the  soil — ^the  old  sand-bar,  upper  stratum,  buckshot ;  below  it,  sand ;  then  the  grayieh 
blue,  half-formed  clay ;  then  quicksand. 

From  Station  21,  down  to  37,  Natchez  sand-bar  cxt-cnds;  below  this,  to  Station  39, 
the  bank  is  stationary.     Station  40  is  opposite  Rocky.  Point,  and  on  a  stationary  bank ; 
thence,  down  to  lower  end  of  Aruolia  Pasture,  is  a'  slightly-caving  bank,  and  is  the 
ower  end  of  this  survey. 

From  Station  44,  near  the  Aruolia  giu-houHe,  I  ran  a  line  of  levels  for  a  cross-section 
of  the  country  between  the  river  here  and  Lake  Concordia,  and  ik'Toss  the  lake  to  the 
river  again,  crossing  the  river  again  to  Dunham's  Bar,  then  to  the  river  again  at  the 
foot  of  Giles's  Bend. 

By  looking  at^the  large  map  accouipanyiug  this  report,  vuu  can  form  a  better  idea 
of  the  many  dry  bayous  and  sloughs  than  you  could  possibly  do  from  a  minute  de- 
scription. There  are  many  of  them,  au.d  all  running  nearly  in  the  same  direction, 
that  is,  all  l>ear  to  the  east,  in  the  direction  followed  by  Lake  Concordia.  There  is 
one  excx^ption  to  this,  and  it  wuh  made  by  cutting  short  ciuals  from  one  slough  to 
another  for  the  purpose  of  draining  into  the  lake  through  a  culvert  that  was  put 
under  the  levee  at  the  Marengo  brt^ak,  and  another  one  was  put  in  at  the  Waterloo 
break,  or  rather  where  these  breaks  are  now,  the  culverts  bomg  the  direct  cause  of 
the  levees  bn'aking. 

I  sup]K)se  that  no  one  disputes  the  evident  conclusion  that  Lake  Concordia  was  made 
a  lake  by  a  cut-off  near  the  line  of  bluffH  northeast  of  it,  and  that  the  cut-off  moat 
have  been  made  by  the  river  thnmgh  a  sand-bar  of  its  own  fonnatiou.  I  ilo  not  know 
of  any  tradition  or  history  fixing  the  time  when  this  occurred,  but  it  muathave  been 
after  the  first  settlement  of  I/ouisiaiia.  Be  this  as  it  may,  I  have  found  tough  blue  or 
yellowish-gray  clay  anywhere  on  the  Louisiana  shore,  except  near  the  lif^t-post  at 
Station  21,  east  line.  Here  are  the  only  evidences  to  be  found  that  the  river  haa  occu- 
pied nearly. the  same  place  for  fifty,  ])erhaps  hundreds  of  years.  The  same  kind  of 
clay  melitioned  is  found  mi  both  shores;  trees  of  not  less  than  fifty  years'  growth  are 
atanding  on  opposite  banks  of  the  river  less  than  4,000  feet  distant  from  each  other. 
From  these  and  other  observations  I  conclude  that  the  Mississippi  River  is  repeating 
its  movements  of  many  years. 

At  my  triangulation  station,  norih  (MP  30'  east  from  the  north  end  of  bi|ae-line,  the 
largest  trees  do  not  exceed  16  inches  diameter,  and  these  are  cotton woodt  growing  on 
what  appears  to  be  the  natural  boundary  of  the  river,  dividing  itself  frpm  the  later- 
formed  sand-bar  by  a  well-defined  bank. 
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On  Um  liOuisiaua  side  of  the  river,  aud  but  a  short  distance  above  Good  Hope  Land- 
ing, are  eottonwood  trees  of  a  very  old  growth,  one  of  which  is  a  bearinir  tree  of  the 
iMid  tnrvey  of  United  States  in  1828,  which  was  then  described  as  a  "  eottonwood 
taree,  ten  in.  dia."  I  mention  these  facts  for  the  reason  that  they  may  be  of  use  to  you 
in  detennining  the  remedy  to  be  applied  to  i»revent  a  total  destruction  of  the  present 
harbor  of  Natchez,  which  a  cut-oft' tnrough  GihV  uiul  Cowpen  bends  would  certainly 
cnoct* 

The  description  of  the  shores  of  the  Lake  Concordia  need  not  occupy  much  time, 
and  will  be  confined,  in  general,  to  the  character  of  tlie  bank  formations  and  the 
effisot  on  the  adjacent  country,  if  it  nliould  become  the  water-way  of  the  Mississippi 
Biver. 

The  south  bank,  which  in  the  important  oik?  now,  will  not  readily  give  way  to  the 
wearing  power  of  the  MiHsisHijipi.  The  e^)mpo8ition  in  such  that  it  will  withstand  its 
force  for  many  yearH.  The  curves  arc  regular  ami  the  slopes  gradual,  and  coated  with 
a  composition  of  small  gravel,  some  Khells  (muscle),  and  a  hard  clay  and  coarse  sand. 

On  the  south  arm  near  bayou  are  a  numlN*r  of  small  bayous  loading  south  and  west, 
all  of  them  with  sandy  banks  aud  very  friable. 

Bayon  Coco<lrie  is  the  same  in  character;  a  description  of  boringSf  umde  to  reach 
the  low-water  levels  of  the  Mississippi,  will  ttxplain  the  material  to  that  depth. 
Above  the  water-line  in  the  lake  the  alluvial  dejioHits  scarcely  vary  any  from  that  of 
the  river.  The  greatest  depth  of  water  found  iu  the  lakt»  was  40  feet.  This,  the 
deepest  part  of  the  lake,  is  near  the  foot  of  VidaPs  Island.  The  water-level  (snriace) 
in  tne  lake  is  *i5.d  feet  above  the  zero  of  the  Natchez  water-gauge,  and  lowest  point 
at'bottom  of  the  lake  is  14.2  feet  below  the  zero  fioint.  The  average  channel  depth 
from  Giles'  Bend  down  to  Rocky  Point  is  nearly  iU  feet  below  the  same  jioint.  This 
thows  that  since  Lake  Concordia  ceased  to  be  the  water-way  of  the  Mississippi  River, 
its  bed  has  bei^n  elcvat<*d  from  40  to  80  feet,  and  all  of  this  filling  has  been  accom- 
plished very  slowly.  The  soundings  in  the  lake  all  show  a  harfl-clay  bottom,  the 
lead  freoaontly  bringing  up  small  shells  and  occasionally  fine  gravel,  which  form  an 
extremely  firm  bed  tnat  must  extend  down  many  feet  from  its  present  surface.  The 
same  ohahhcter  in  the  formations  exists  for  sevt^ral  feet  above  the  present  water-line, 
gradually  becoming  mixe<l  with  the  alluvial  soil  of  the  surface  ground,  losing  much 
of  its  tenacity  as  it  nears  the  top  of  the  bank. 

On  the  south  arm  of  the  lake,  that  is,  that  ])art  south  and  west  of  VidaFs  Island, 
from  which  is  the  only  outlet,    Bayou  Cocodrie,  having  a  high-water  capacity  of 
discharge  through  a  section  of  nearly  1,200  feet,  the  banks  are  of  a  more  friable 
nature,  showing  the  banks  to  be  easily  moved,  and  the  water-way  frequently  chang- 
ing position.    The  evidence  of  this  is  seen  in  the  small  island,  an  occasional  deep 
wash-out  or  hole  in  the  course  of  the  stream.     In  the  vi<;inity  of  the  bayou  leading 
from  the  lake  are  numerous  small  bayous,  or  sloughs,  all  with  friable  banks,  and  hav- 
ing a  direction  running  west  of  south.     Bayou  Cocodrie  runs  a  very  winding  course, 
one  fork  terminating  at  Lake  Cocodrie,  8  miles  south,  10  mile^  west  of  the  point  of 
departure;  another  branch,  or  fork,  entering  I^lnek  River  17  miles  south  and  14  miles 
weet  of  the  departing  point  on  the  lake.     It  enters  Black  River  about  7  miles  north 
of  the  junction  of  Black  and  Red  rivers.     The  8e(?tion  of  country  is  interlaced  with 
nnmerous  small  bayous  and  small  lakes,  and  is  litly  called  the  Black  River  Swamps. 
It  will  demand  consideration  while  discussing  the  improvements  for  the  harbors  of 
Natchez  and  Vidalia. 

After  the  foregoing  descriptions  of  the  banks  and  currents  of  the  river  and  lake,  a 
further  description  of  land,  especially  that  lying  between  the  Mississippi  River  and 
Lake  Concordia,  will  be  in  order,  the  general  characteristics  being  sandy  ridges  divided 
by  low  sloughs,  all  terminating  in  low  swamps,  and  all  having  a  direction  conforming 
^th  the  north  shore  of  the  lake,  and  all  nearing  each  other  near  the  foot  of  the  lake, 
where  they  now  abruptly  end  at  the  river  bank.  It  will  be  s<ieu  by  the  profiles  cross- 
ing this  strip  of  land  at  different  places  that  the  general  level  of  the  ridges  are  above 
that  of  the  river  bank,  and  that  the  great  swamps  that  existed  twenty  years  since  are 
now  nearly  gone  and  the  river  bank  now  occupit^s  their  most  southern  and  western 
limit;  all  that  remains  of  them  are,  that  described  as  the  Willow  Swamp  and  a  part 
of  the  Waterloo  and  Marengo  swamps. 

The  Willow  Swamp  is  what  remains  of  Grassy  Lake,  a  lake  nearly  3  miles  long  and 
a  half  mile  wide.  A  number  of  small  bayous  drained  into  it,  Bullitt's  Bayou  being 
one,  entering  at  its  western  extremity  and  leaving  it  again  through  the  south  bank  2 
miles  from  its  entrance.  * 

A.  lai]g^  part  of  the  Marengo  Swamp  still  remains  between  Stations  5  and  15  of  west 
line,  with  a  general  depression  of  3^  feet  lower  than  the  lake  bank.  The  frequent 
ersitatses  of  the  past  twenty  years  have  filled  it  to  a  great  extent. 

The  narrowest  point  between  the  river  and  lake  banks  is  now  immediately  along 
myhase-llne,  and  is  9.'>2  feet  from  bank  to  bank. 

The  neck  of  land  through  from  Giles*  Bend  to  Cowpen  Bend  has  before  been  de- 
seribed;  some  features,  however,  were  not  mentioned. 
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The  slough  called  Long  Lake  is  crossed  by  my  base-line  and  by  the  line  running 
from  Cowpen  Bend  to  Giles'  Bend,  and  is  peculiar  in  some  of  its  features.  It  has  its 
head  near  the  upper  end  of  Dunham*s  Bar  and  follows  down  the  bar  and  on  the  bar, 
following  a  mile  and  a  half,  when  it  passes  on  to  the  older  bottom-lands,  and  its  lower 
terminus  being  nearly  opposite  Station  ^,  east  line,  at  the  river  bank.  It  seems  to 
have  formed  a  connection  with  an  older  slough  that  drained  a  portion  of  Giles' 
Swamp  in  the  older  bottom,  and  the  newer  formation  of  the  bar  closed  up  its  lower 
end ;  it  followed  the  course  of  this  through  the  bottom  to  the  river,  about  1^  miles  below, 
near  the  bluffs.  It  carries  water  during  the  low  sta^s  of  the  river  westward  into  the 
sand-bar,  while  the  old  bayou  takes  another  part  of  it  east  to  the  river  near  the  blu£b. 

After  a  roview  of  the  operations  in  the  field  during  the  survey,  it  seems  that  the 
remedy  to  be  applied  for  the  protection  of  the  Natchez  and  Vidalia  harbors  must  be- 
First.  To  prevent  the  Mississippi  River  firom  cutting  through  the  neck  of  land  called 
Giles'  Swamp,  from  Giles'  Bend  to  Cow|>en  Bend. 

Second.  To  prevent  it  from  entering  Lake  Concordia. 

If  it  should  go  through  Giles'  Swamp,  the  effect  will  onlv  be  felt  on  the  Natchez 
harbor  and  the  point  of  land  on  which  Vidalia  is  situated.  If  it  goes  into  Lake  Con- 
cordia the  condition  of  the  levees  on  the  south  bank  of  it  will  not  confine  it  to  the 
lake,  but  the  whole  countrv  south  of  it  will  \ye  inundated  firom  the  flow  through  Co- 
oo<lrie  and  other  bayous  in  that  vicinity.  The  Vidalia  point  will  wear  away ;  the  result 
must  bo  similar  to  that  at  Vicksburg. 

A  remedy  for  both  of  these  contingencies  can  be  applied  in  the  construction  of  spur- 
dikes,  four  in  Giles'  Bend  and  six  in  the  Marengo  Bend;  those  on  the  Mississippi  snore 
to  be  about  1,250  feet  apart — the  first  to  be  placed  at  the  upper  end  of  the  bend  where 
the  river  runs  near  the  bluffs,  and  should  not  extend  beyond  the  outer  eddy-line ;  the 
others  to  be  located  according  to  the  circumstances  disclosed  by  the  first. 

Those  on  the  Louisiana  shore  should  commence  with  a  first  a  little  above  the  foot 
of  the  sand-bar  (Rifle  Point  Bar),  and  the  second  above  the  old  bed  of  the  river — Lake 
Concordia ;  and  a  third  at  the  mouth  of  Bullitt's  Bayou.  None  of  them  should  project 
into  the  river  outside  of  the  eddy-line,  but  should  be  so  located  as  to  divide  the  eddies, 
and  thus  force  a  change  of  position.  The  other  spur-dikes  on  this  side  of  the  river 
should  be  located  after  the  first  three  are  constructed  and  their  effect  on  the  current 
disclosed. 

The  result  of  placing  these  dikes  will  be  to  direct  the  current  against  Dunham  s 
Bar,  where  the  channel  would  soon  follow. 
Very  respectfully, 

W.  C.  Melvin, 

A»$l$tant  Engineer 

Maj.  W.  H.  H.  Benyaurd, 

CorpB  of  Engineer 9 J  V.  S.  A. 
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IMPEOVEMENT  OF  MISSISSIPPI  RIVER  BETWEEN  THE  MOUTHS  OF  THE 
ILLINOIS  AND  OHIO  RIVERS — ICE-HARBOR  AT  SAINT  LOUIS,  MIS- 
SOURI—IMPROVING MISSISSIPPI  RIVER  AT  OR  NEAR  CAPE  GIRAR- 
DEAU AND  MINTON'S  POINT,  MISSOURI — IMPROVEMENT  OF  OSAGE 
BIVER  IN  KANSAS  AND  MISSOURI. 


bepobt  of  captain  0.  h.  ekns1\  corps  of  exgixfeps,  officer  in 
charge,  for  the  fiscal  year  ending  june  30,  1880,  with  other 
documents  relating  to  the  works, 

Engineer  Office,  United  States  Army, 

Saint  Louis,  Mo.,  July  28, 1880. 

General  :  I  have  the  lioiior  to  herewith  transmit  my  aimual  reports 
for  the  year  ending  June  30, 1880. 

I  assumed  charge  of  the  works  on  the  30th  of  March,  relieving  Col. 
James  H.  Simpson,  Corps  of  Engineers.  I  had  pre\iously  been  con- 
nected with  them,  under  Colonel  Simpson's  orders,  from  the  beginning 
of  the  year. 

My  reports  cover  the  operations  of  the  entire  year. 
Yery  respectfully,  your  obedient  servant, 

O.  H.  Ernst, 
Captain  of  Engineer's, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


P  I. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  BETWEEN  THE  MOUTHS  OF 

THE  ILLINOIS  AND  OHIO  RIVERS. 

BETWEEN  THE  ILLINOIS  AND  MISSOURI  RIVERS. 

No  work  was  done  within  these  limits  during  the  year  other  than 
sorveys  and  the  establishment  of  gauges.  The  appropriations,  of 
$20,000  of  June  18, 1878,  and  of  $15,000  of  March  3, 1879,  are  still  avail- 
able,  with  the  exception  of  $1,174.15,  the  amount  expended  for  the  pur- 
poses above  mentioned  over  and  above  a  previous  balance. 

This  money,  having  been  appropriated  for  the  improvement  of  the 
Mississippi  between  the  Illinois  and  Ohio  rivers,  must,  I  think,  be  ap- 
plied so  as  to  benefit  the  greatest  number  of  persons  interested  in  the 
navigation  of  the  entire  stretch  of  river  lying  between  those  limits. 
nieie  is  no  doubt  that  one  important  feature  of  an  improved  river  is 
convenient  access  to  landings;  but  the  most  important  result  to  be 
attained  by  the  improvement,  and  the  one  first  to  be  aimed  at,  is  cheap 
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through  transiK)rtatioii  for  freight.  Passenger  trafSc  is  secondary,  and 
so  is  the  freight  for  any  single  jmnt.  The  estimate  of  the  cost  of  the 
improvement  is  for  procoring  this  cheap  throngh  transportation,  and 
does  not  include  the  cost  of  improving  harbors  in  cases  where  special 
works  are  required  for  that  purpose. 

The  harbor  of  Alton,  which  is  the  most  important  landing  in  that 
section  of  the  ^lississippi,  is  in  need  of  improvement ;  but  there  is  no 
difficulty  with  the  navigation  in  that  vicinity  for  vessels  that  do  not 
stop  there,  and  unless  Congress  should  expressly  appropriate  funds  for 
that  work  it  should  be  deferred,  I  think,  until  the  river  has  reached 
such  a  stage  of  improvement  that  attention  can  be  turned  from  the 
primary  object  of  securing  good  through  navigation,  to  the  •  secondary 
one  of  providing  convenient  access  to  landings.  Additional  estimates 
can  then  be  submitted  to  cover  the  ca^es  of  such  landings  as  remain 
inconvenient  after  the  general  improvement  has  been  completed. 

Considerable  difficulty  is  found  ne^r  the  head  of  Piasa  Island.  The 
channel  is  exceedingly  tortuous,  and  near  the  island  is  a  ledge  of  rock 
which  is  dangerous  at  low-water.  On  the  23d  of  April  I  recommended 
that  the  available  funds  be  applied  to  the  improvement  of  that  locality, 
atid  requested  authority  to  make  a  hydrographic  survey,  with  a  view 
to  preparing  a  plan  of  the  works  required  and  an  estimate  of  their 
cost.  Tliis  recommendation  wa^  approved  so  far  as  to  authorize  the 
survey,  and  the  latter  was  begun  in  May.  The  field  work  was  com- 
pleted in  June,  and  the  map  is  now  being  prepared.  A  plan  will  be 
submitted  for  your  consideration  at  an  early  day. 

The  dam  at  Ellis  Island  remains  as  reported  last  year  by  my  prede- 
cessor. 

The  sum  of  $1,500  was  allotted  for  the  purpose  of  making  the  survey 
near  Piasa  Island,  to  which  $200  was  afterwards  added  for  the  purpose 
ef  closing  a  gap  between  Eagle  Nest  and  Hop  Hollow,  which  existed 
in  the  permanent  triaugulatiou  of  the  district.  The  completion  of  that 
work  will  give  a  connected  triangulation  from  the  mouth  of  the  Illinois 
to  the  mouth  of  the  Ohio. 

The  expenditures  were : 

For  hydrographic  survey |1, 507  85 

For  water  gauges 192  15 

Total 1,700  00 

The  river  and  harbor  act  of  June  14, 1880,  contains  in  the  item  appro- 
priating $250,000  for  the  improvement  of  the  Mississippi  Biver  between 
the  Illinois  and  Ohio  rivers,  the  following  proviso,  viz.  *' of  which  sum 
♦  ♦  ♦  $15,000  may  be  expended  on  the  harbor  at  Alton,"  the  italics 
being  mine.  The  authority  here  given  implies  a  desire  that  the  sum 
mentioned  shall  be  expended  at  Alton,  and  this  desire  should  be  com- 
plied with  unless  there  are  good  reasons  to  the  contrary.  Strong  rea- 
sons, based  upon  general  principles,  have  already  been  gi^en.  There 
are  others  appertaining  to  the  particular  circumstances  of  this  <;ase 
which  have  their  weight.  The  estimated  cost  of  the  works  required  for 
the  improvement  of  Alton  Harbor  is  $71,000  (see  import  of  Col.  James 
H.  Simpson,  Corps  of  Engineers,  dated  February  9, 1880),  and  that  por- 
tjion  of  the  works  which  should  be  built  the  first  year  is  eHtimated  to 
cost  $39,000.  An  examination  of  the  plan  of  improvement  shows  that 
an  expenditure  much  less  than  $39,000  will  have  little  or  no  beneficial 
efi'ect 

The  works  proposed  include  a  dike,  A,  B,  C  (see  aiydlhing  sketch), 
eonnected  by  hurdles  at  intervals  of  about  400  feet,  with  the  Missomi 
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shore.  Their  object  is  to  collect  all  the  waste  water  of  the  river  at 
stages  below  14  feet  and  throw  it  against  the  main  channel  as  it  comes 
down  the  Illinois  shore,  thas  diverting  that  channel  and  causing  it  to 
attack  the  shoal  in  front  of  the  Alton  Landing.  The  $15,000  under  dis- 
coflsion  could  only  be  applied  to  beginning  the  dike  near  the  point  A. 
Hie  money  would  be  sufficient  to  cross  the  deep  water  near  a  and  to 
cany  the  dike  as  far  as  somewhere  near  b.  The  work  stopping  here 
could  not  be  expected  to  exert  any  beneficial  effect  upon  the  harbor.  It 
would  exert  an  injurious  effect,  however,  upon  it«  own  future.  The  foun- 
dation near  b  is  now  a  bar,  which  is  dry  at  low- water.  The  estimate  is  based 
upon  utilizing  this  bar  with  a  view  to  cheap  and  rapid  construction.  If 
the  dike  stops  here  for  a  season  the  bar  will  be  scoured  out,  and  it 
will  be  necessary  to  increase  the  estimate.  Without  the  dike  the  bar 
may  be  expected  to  remain  substantially  in  the  same  position  for  a  con- 
siderable period.  The  only  alternative  is  to  make  a  further  allotment 
of  $24,000  from  the  general  appropriation,  so  that  the  work  can  be 
paired  through  as  far  as  the  point  B  in  one  season.  That  cannot  prop- 
erly be  done  for  the  reason  that  the  general  fund  is  at  best  not  large 
enough  to  answer  the  demands  of  the  general  navigation  interests,  and 
the  diversion  of  any  portion  of  it  at  this  time  to  the  work  referred  to 
most  be  indirectly  an  injury  to  commerce. 

SAWYER  BEND. 

The  revetment  here  remains  in  good  condition.  No  work  was  done 
daring  the  year  and  none  is  contemplated  for  next  year,  unless  some 
repairs  should  become  necessary. 

VENICE  DIKE. 

No  work  done  and  none  contemplated. 

CAHOKIA  CHUTE. 

The  June  rise  of  last  year  having  filled  up  to  a  considerable  degree 
the  shallow  channel  at  the  upper  part  of  the  west  chute,  a  heavy  strain 
was  brought  to  bear  upon  the  dam  across  Cahokia  Ohute  by  the  falling 
^iveI^  the  result  of  which  was,  in  the  latter  part  of  August,  a  breach  in 
the  ^m.  It  being  necessary  to  close  this  breach  to  prevent  the  destruc- 
tion of  the  dam,  and  the  special  appropriation  being  exhausted,  an  allot- 
ment was  made  for  the  purpose  from  the  general  £nd. 

The  breach  was  repaired  in  September,  and  the  dam  was  afterwards 
strengtiiened  at  points  which  seemed  to  require  it,  and  it  has  since  re- 
mained in  good  condition. 

Details  of  the  work  will  be  found  in  the  report  of  Assistant  Engineer 
D.  M.  Gnrrie,  hereto  appended  and  marked  A.  Extensive  shoaling  has 
taken  place  above  it,  and  it  is  thought  that  the  severe  strains  wiU  not 
be  renewed. 

The  expenditures  were : 

9,666.77  cubic  yards  riprap $12,280  65 

lia  09  ootcU  brash 246  81 

$12, 527  46 

Eagineering  and  contingencies 411  25 

12, 938  71 

86  E 
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HORSETUL  BAB. 

The  tona  Horsetail  Bar.iucliules  a  stretch  of  river  about  Smilea  kmg. 
extending  from  the  rirer  Des  Peres,  the  southern  bonudary  of  Sauii 
Louis,  to  the  foot  of  Carroll's  Island.  The  average  width  when  th.% 
works  were  begun  was  about  5,000  feet.  There  were  several  large  movar 
ble  bars  which  obstructed  the  navigation,  and  it  was  no  uucommon  thing 
to  find  as  little  as  4  feet  depth  of  water  in  the  channel  daring  tiie  low 
stages  of  the  autumn,  the  obstacle  being  sometimes  at  one  point  aod 
sometimes  at  another.  The  bottom  being  composed  of  shifting  saud« 
and  mud,  this  shallow  water  was  evidently  the  result  of  the  inordinate 
width,  and  the  obvious  means  of  increasing  the  depth  was  to  reduce 
the  width.  It  was  decided  to  undertake  the  contraction  of  the  river  to  a 
width  of  2,500  feet.  For  this  purpose  a  series  of  jetties  or  dikes  perpen- 
dicular to  the  shore  were  planned,  and  their  construction  begun  in  1873. 
Their  outer  extremities  were  to  be  connected  by  longitudinal  dikes  or 
training- walls  located  upon  the  lines  of  the  new  banks.  The  construc- 
tion of  one  of  these  training-walls  was  begun  in  1877.  The  object  of 
these  works  wa^  to  confine  the  water  of  the  river  within  the  prescribed 
limits  by  means  of  their  own  solidity  and  weight.  They  were  built  of  rip- 
rap upon  a  foundation  of  brush.  The  great  volume  and  velocity  of  th 
Mississippi,  combined  with  the  treacherous  nature  of  the  soil  upon 
which  these  structures  rested,  rendered  the  jetties  a  comparatively  easy 
prey  to  the  currents.  The  attacks  upon  them  were  facilitated  by  their 
gi^eat  length  and  by  the  considerable  intervals  which  separated  them 
from  each  other,  neither  of  which  could  well  be  reduced  in  a  river  of 
such  magnitude.  The  training- wall,  receiving  the  shock  of  the  stream 
in  a  more  favorable  direction,  was  not  so  liable  to  destruction  by  the 
current;  but  a  breach  800  feet  long,  occasioned  by  an  ice-gorge,  in  the 
winter  of  1878-'79,  showed  that  this  part  of  the  work  had  in  the  climate 
an  enemy  which  was  quite  as  redoubtable.  It  was  then  concluded  that 
to  resist  all  the  destructive  forces  at  work  nothing  less  than  a  solid 
mass  of  earth  between  the  new  and  old  banks  would  answer,  or,  in 
other  words,  that  the  land  must  be  wholly  reclaimed,  and  that  works 
in  the  stream  relying  wholly  upon  themselves  were  not  sufficient.  In 
the  spring  of  1879  the  upper  part  of  the  area  included  between  the 
training-wall  and  the  Illinois  shore  was  divided  up  by  hurdles  similar 
to  those  used  on  the  Garonne  and  described  in  the  last  annual  report 
Their  object  was  to  cause  the  water  to  deposit  its  sediment  behind  the 
training- wall  as  it  progressed.  The  solid  form  of  the  latter  was  pre- 
served, but  a  cheaper  method  of  construction  was  introduced,  employing 
temporary  instead  of  permanent  materials.  The  stone  jetties  were  in  a 
dilapidated  condition  and  were  abandoned. 

The  remarkable  results  obtained  from  the  use  of  the  hurdles  last  year 
led  to  the  application  this  year  of  that  class  of  construction  to  all  parts 
of  the  work.  At  many  places,  particularly  in  the  line  of  the  training- 
wall,  the  water  was  too  deep  for  the  advantageous  use  of  piles.  At 
such  points  the  hurdles,  or  equivalent  brush  obstacles,  instead  of  being 
made  continuous  and  in  position,  were  constructed  either  continuous  op 
in  sections  upon  floating  ways  from  which  they  were  launched.  One 
sidt*  was  seciued  to  the  bottom  by  anchors,  while  the  other  side  was 
held  up  at  the  surface  of  the  water  by  buoys.  Various  forma  of  brash 
obstacles  were  used.  They  are  shown  in  figures  2  to  8,  and  are  fully 
described  in  the  report  of  Assistant  Engineer  D.  M.  Currie,  by  whom 
most  of  them  were  designed.  His  report  is  appended,  marked  A,  and 
is  intended  to  form  part  of  this  report.    At  first  these  floating  obstacles 
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I  ancliored  to  a  horizontal  niattreas  or  sill  (see  flgnree  2  to  7),  the 
latter  being  intended  to  prevent  the  acour  that  was  to  be  feared  from 
placing  them  in  contact  with  swiftly  ranuing  water.  Increasing  confi- 
dence in  their  efficiency  led  to  the  temporary  abandonment  of  the  hori- 
zontal member  for  economical  reasons.  Farther  experience  is  necessary 
to  determine  whether  it  will  be  advantageoas  to  resume  that  method  of 
construction. 

Tlie  governing  principle  is  tlie  same  in  all  of  these  tonus  of  coustruc- 
tioL.  This  is  to  utilize  the  building  power  of  the  river  by  iuclomug  the 
ground  to  be  reclaimed  withiu  slight  permeable  obstacles.  These,  while 
smoothing  oat  the  boils  and  whirls  and  checking  the  velocity  of  the 
water  sufficiently  to  cause  it  to  drop  a  part  of  its  load,  present  no  great 
obstacle  to  itK  flow.  They  are  dibe-bnilders  rather  than  dikes  them- 
selves. Allowing  the  water  to  circulate  fi'eely  they  constantly  intro- 
dime  new  supplies  of  fully  loaded  fluid,  and  thus  gr<Mlually  aud  easily 
build  up  the  new  bauks.  Under  this  system  the  progress  has  been 
rapid,  economical,  and  thus  far  satisfactory  in  its  results. 

A  map  showing  the  plan  of  the  works  and  their  present  state  of  com- 
pletion is  herewith  transmitted. 

Soundings  taken  in  Mareh,  1880,  are  written  upright  so  as  to  read 
with  the  title.  Those  taken  upon  each  day  are  inclosed  in  brackets 
opposite  which  the  date  is  written.  The  stage  of  the  river  for  that  day 
is  found  in  the  gauge  record  at  the  margin  of  the  sheet.  Souudings 
taken  on  the  29th  and  30th  of  June,  1880,  are  wiitten  at  right  augles  so 
a»  to  read  when  tlie  map  is  revolved  90°  to  the  righL  These  snuiiditigs 
are  reduced  to  the  same  stage  as  those  of  March.  Those  haviug  the 
minus  sign  indicate  that  the  gronud  would  be  uncovered  with  the  river 
at  that  stage.  Tlie  heavy,  broken,  and  dotted  lines  show  the  plan  of 
the  works  not  yet  begun ;  the  full  lines  those  now  completed.  Upon 
each  Hue  of  hurdles  are  given  the  dates  wlien  it  was  built  aud  when  it 
was  repaired. 

It  is  no  easy  matter  in  the  ease  of  a  silt-beariug  stream  to  show 
definiteJy  upou  paper  the  efieet  of  tlie  works  of  improvement  upon  the 
channel.  A  statement  that  a  certain  depth  existed  before  the  execution 
of  the  works  and  auothor  depth  existed  afterwards  might  be  strictly 
true,  but  at  the  same  time  might  be  misleadiug  and  unfau:.  The  chan  - 
nel  is  constantly  shifting  its  position  and  tlie  bottom  fills  or  scours  with 
the  rise  or  fall  of  the  water  surface.  It  is  a  common  occurrence  after 
theHUmmBrrisethatagiadualfallof  15  Inches  on  the  gauge  is  attended 
bj  &a  increase  of  9  inches  in  the  depth ;  that  is,  that  during  this  fall  of 
15  inches  there  is  a  scour  of  2  feet.  Comparative  sections  of  the  cLan- 
□el  are  therefore  useless  for  iudicutiug  the  eflects  of  the  works.  Know- 
ing that  with  bauks  not  too  far.  apart  there  will  always  be  somewhere 
between  them  a  good  channel  at  all  stages,  we  must  turn  for  definite 
information  to  the  process  of  building  up  tlie  new  banks. 

Several  sections  embodying  information  obtaiued  at  dates  earlier 
tluui  those  of  the  written  soundings  are  given  upou  the  map  showing 
tbe  results  of  the  operations  thus  far.  These  may  be  supplemented  by 
the  statement  that  the  least  depth  of  water  found  in  the  chiinuel  at  any 
time  during  the  year  was  8  feet.  In  examining  these  sections  it  is  to  be 
borne  in  mind  that  the  works  are  built  to  a  height' of  about  15  feet  above 
low-water,  and  that  that  portion  of  the  river  bed  lying  below  tliat  leveJ 
is  mainly  to  be  considered  when  making  inquiry  as  to  their  effect. 

action  on  E  F  shows  a  maximum  flllofl^TfeetsinceMarch,  1880,  over 

kidtb  of  about  330  feet  and  an  average  All  of  about  10  feet. 


1364     REPORT   OF   THE    CHIEF    OF   ENGINEERS,    U.    8.    ARMT. 

Section  G  11  shows  a  maximum  All  of  64  feet  since  the  spring  of  1879, 
and  an  average  of  about  10  feet  since  March,  1880. 

Section  I K  shows  a  maximum  of  20  feet  since  April,  1879,  and  an  aver- 
age of  about  6  feet  since  January,  1880. 

Section  L  M  shows  a  maximum  of  48  feet  since  April,  1879,  and  an  aver- 
age of  about  3  feet  since  Januaiy,  1880. 

Section  N  O  shows  a  portion  of  gi*ound  which  was  reclaimed  to  a  height 
of  about  15  feet  above  low- water  last  year.  Young  willows  began  at 
once  to  grow  upon  it,  and  deposits  have  now  been  secured  to  a  maxi- 
mum height  of  19  feet  6  inches  above  low -water. '  These  deposits  have 
been  obtained  under  unfavorable  circumstances.  Most  of  the  building 
material  comes  from  the  Missouri  Eiver. 

If  the  Upper  Mississippi  is  relatively  high,  the  water  of  the  Missouri 
is  kept  on  the  west  side  of  the  river  and  away  firom  the  works.  That 
has  been  the  case  during  the  larger  portion  of  the  last  spring.  The 
works  have  cost  more  and  the  results,  large  as  they  are,  have  been  less 
than  may  reasonably  be  expected  under  ordinary  circumstances. 

The  shoaling  action  is  still  going  on,  and  during  the  present  high 
water  may  be  expected  to  progress  more  rapidly  than  ever,  as  it  is  at 
such  times  that  the  great  movements  of  silt  take  place. 

These  results  are  satisfactory.  Nevertheless  it  is  well  to  be  cautious 
about  accepting  them  as  final  They  are  still  to  be  secured  and  rendered 
permanent.  A  great  flood  choking  up  the  present  low-water  channel 
of  the  river  might  throw  it  over  into  our  new  made  land  and  undo  a 
large  part  of  this  work. 

Fortunately  these  obstacles  are  as  cheap  as  they  are  frail,  and  can  be 
often  renewed  without  excessive  cost.  When  the  land  behind  them  has 
once  become  consolidated  they  may  be  expected,  with  some  additions,  to 
secure  it  from  future  attack.  The  improvement  cannot  be  regarded  as 
secure  until  the  land  has  been  raised  to  a  height  of  at  least  25  feet  above 
low- water.  The  hurdles  are  built  to  a  height  of  about  15  feet  above  low- 
water,  and  are  expected  to  cause  deposits  to  that  level.  They  cannot 
be  advantageously  built  much  higher,  because  they  would  be  exposed 
to  rapid  decay,  while  their  action  would  be  limited  to  the  short  periods 
of  high-water.  It  is  proposed  to  secure  the  additional  height  of  deposit 
by  a  growth  of  willows  covering  the  entire  area  to  be  reclaimed.  These 
with  their  roots  will  consolidate  the  land  already  formed  and  with  their 
branches  will  cause  further  deposits  at  high- water.  The  number  of  years 
which  will  be  required  to  raise  the  land  to  a  secure  height  is  altogether 
uncertain,  depending  upon  the  height  and  duration  of  the  spring  fresh- 
ets, and  also  upon  the  relative  height  of  the  Upper  Mississippi  and  the 
Missouri  rivers  during  those  freshets.  It  is  necessary  that  the  govern- 
ment should  control  the  land  and  the  willow  growth ;  and  this  raises  a 
question  of  riparian  rights  which  will  be  again  alluded  to  further  on. 

The  willow  springs  up  spontaneously  upon  the  newly  formed  alluvial 
lands  in  the  Mississippi ;  but  observation  is  wanting  to  show  what  is  the 
lowest  level  at  which  it  will  grow,  and  how  much  time  can  be  gained  by 
planting  cuttings.  To  gain  some  information  upon  the  subject,  as  well  as 
to  ascertain  the  best  season  for  planting,  I  have  had  a  few  cuttings 
planted  at  different  levels  about  the  flrst  of  each  month  during  the  pres- 
ent season,  using  pieces  of  willow  from  i  inch  to  4  inches  in  diameter. 
All  the  cuttings  planted  in  March  lived.  Many  of  those  planted  in  April 
and  all  those  plauted  in  May  and  June  died.  It  is  proposed  to  continiie 
these  experiments  throughout  the  working  season. 

The  greatest  size  that  can  be  given  to  the  enclosed  areas  is  not  as  yet 
fully  determined.    The  size  of  those  constructed  this  spring  has  been 
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abont  1,400  by  400  feet,  the  shorter  diniension  being  measured  parallel  to 
the  bank.  It  is  thought  that  this  dimension  can  be  increased.  The  other 
dimension  being  measured  perpendicular  to  the  bank  depends  upon 
the  amount  that  the  river  width  is  to  be  contracted,  and  may  be  made 
the  fall  length  from  the  old  to  the  new  bank. 

The  total  cost  of  the  fixed  hurdles  in  the  transverse  lines,  including 
engineering  and  contingencies  and  all  repairs,  was  $1.43  per  running  foot. 
Of  this,  44  cents,  or  31  i)er  cent.,  was  the  cost  of  transportation  and  wear 
and  t^ar  of  the  equipment.  The  cost  of  the  curtains  or  floating  obsta- 
cles was  $187  per  running  foot;  but  with  these,  owing  to  the  adverse 
circumstance  before  referred  to,  of  a  relatively  low  Missouri  Ri vtt,  it  was 
necessary  to  go  over  the  same  ground  many  times.  To  construct  and 
repair  2,500  feet  of  dike  consumed  21,000  fe^t  of  curtains,  the  total  cost  of 
which  was  $39,382.42,  or  $15.75  per  running  foot  of  dike.  This,  while 
not  more  than  one-third  what  a  stone  dike  would  cost  in  the  same  de])th  of 
water,  is  hardly  a  fair  showing  of  the  economy  of  this  system.  At  any 
XK>int  far  enough  below  the  mouth  of  the  Missouri  for  the  waters  of  the 
two  rivers  to  have  become  thoroughly  blended,  or  at  Horsetail  itself,  under 
circumstances  which  are  common,  if  not  usual,  there  in  the  spring,  the 
same  results  might  have  been  obtained  at  a  cost  50  per  cent.  less.  Of 
the  $15.75  above  given,  $4.08,  or  26  per  cent.,  was  for  transportation  of 
material  and  the  wear  and  tear  of  equipment. 

The  items  of  transportation,  &c.,  have  been  separated  in  the  statement 
of  cost  with  a  view  to  showing  some  of  the  pecuniary  advantages  which 
would  result  from  increased  annual  appropriations  and  enlarged  opera- 
tions. Works  were  carried  on  last  year  at  Cairo  and  Cahokia  Chute, 
IK)ints  separated  by  a  distance  of  180  miles.  It  being  impracticable  for 
one  boat  to  do  the  towing  for  works  so  far  apart,  two  boats  were  em- 
ployed. Either  of  them  could  have  done  twice  to  three  times  the  work 
it  actually  did  do ;  yet  neither  could  be  dispensed  with.  The  barges 
were  more  fully  employed,  but  for  similar  reasons  were  not  worked  up 
to  their  full  capacity.  With  the  equipment  fully  employed,  the  cost  of 
transportation  might  be  reduced  at  least  one-fourth.  As  it  forms  about 
28  per  cent,  of  the  cost  of  the  works  at  Horsetail,  this  would  be  equiva- 
lent to  reducing  the  cost  of  those  works  7  per  cent. 

The  expenditures  were — 

Training- wall  (2,.'>00  feet) : 

2,301.56  cubic  yanls  riprap |2,871  77 

31750.86  cords  brash 6,(599  82 

WpileB 101  43 

LftDor,  rope,  wire,  equipment,  &c 27,489  40 

$:^,  162  42 

Hurdles  (32,000  feet) : 

2,866  feet  piles 13,519  00 

15^140  feet  piles 3,276  00 

4407.37  cords  brash 8,671  89 

100  onbic  yards  riprap 129  00 

Ltbor,  rope,  wire,  equipment,  &c 17,66165 

43,257  54 

Bngineering  and  contingencies 4, 723  43 

Total 85,143  39 

The  works  at  Horsetail  have  been  under  the  immediate  supervision  of 
Aflsistant  Engineer  D.  IM.  Ourrie,  to  whose  report  reference  has  already 
been  made.  He  is  entitled  to  credit  for  intelligent  study  and  zealous 
devotion  to  his  work. 

I  have  obtained  useful  hints  as  to  some  of  the  details  of  the  structures, 
particularly  the  anchors,  from  Maj.  Ghas.  B.  Suter,  and  his  assistant. 
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Oapt.  T.  H.  Handbuiy,  Corps  of  Eugineers,  who  hare  been  working  (m 
a  similar  field  in  the  Missouri  Eiver. 

An  allotment  of  $150,000  has  been  made  to  this  work  ftom  tiie  appro- 
priation of  June  14, 1880.  It  will  be  employed  in  the  construction  of  bra6h 
obstacles  similar  to  those  used  this  spring,  covering  all  the  remaining 
ground  to  be  reclaimed,  in  accordance  with  the  plan  herewith  transmitted. 
It  is  expected  that  this  will  practically  finish  the  work,  though,  as  above 
explained,  it  must  be  the  object  of  care  for  an  uncertain  number  of  years. 

FORT  CHABTRES  BAM. 

No  work  done  and  none  contemplated. 

TURKEY  ISLAND  DAM. 

No  work  done  and  none  contemplated. 

PROTEOTION  OF  BANK  NEAR  KASKASKIA. 

This  work  was  extended  down  stream  a  distance  of  1,100  feet  in  July, 
when  the  funds  allotted  having  been  exhausted,  it  was  suspended.  It 
was  discovered,  however,  in  August,  that  owing  to  a  considerable  scour 
in  front  there  were  a  number  of  slides,  and  that  there  was  4^uiger  of 
great  damage  being  done  unless  steps  were  taken  at  once  to  check  the 
scour. 

Accordingly  $15,000  from  the  general  appropriation  were  allotted  in 
addition  to  the  sums  mentioned  in  Colonel  Simpson's  last  annual  report. 
This  was  employed  in  placing  brush  mattresses  50  feet  wide  along  the 
foot  of  the  slope,  outside  the  former  work,  for  a  length  of  3,305  feet.  The 
danger  of  immediate  destruction  was  thus  removed,  but  the  work  is  stQl 
in  a  precarious  condition.  For  details,  see  the  report  of  Assistant  Engi- 
ner  Charles  S.  True,  which  is  hereto  appended  and  marked  B. 

The  expenditures  were : 

7,870.50  cubic  yards  riprap |11,406  44 

2,100.20  cords  brush 3,262  60 

Excavation    153  90 

Labor,  rope,  &c 2,599  47 

$17, 421  71 

Engineering  and  contingencies 1,279  71 

18, 701  42 

The  direct  protection  of  this  bank  is  a  dif&cult  undertaking.  The 
plan  of  construction  has  been  that  successfully  employed  at  other  points, 
viz,  a  brush  mattress  at  the  foot  of  the  slope  extending  up  to  low-water 
mark,  and  above  that  level  a  covering  of  stone.  This  plan  has  not  beiMi 
here  altogether  successful. 

A  light  covering  of  stone  is  not  sufficient,  and  the  soil  is  not  stable 
enough  to  bear  the  weight  of  a  heavy  one.  A  continuous  thatching  of 
brush  might  answer  the  purpose  temporarily,  but  it  would  soon  decay. 
The  act  ef  June  14, 1880,  contains  a  proviso  allotting  the  sum  of  $20,000 
to  this  work,  which  it  is  proposed  to  employ  in  an  attempt  to  change  the 
direction  of  attack  of  the  river,  and  to  finally  cause  deposits  where  iheie 
is  now  a  scour.  Beginning  at  the  extreme  upper  end  of  tiie  bend,  per- 
meable dikes  of  hurdle  work  will  be  run  out  at  intervals  into  the  stream. 

The  cost  of  the  work  seems  to  have  far  exceeded  the  expectations  of 
Congress,  by  whose  order  it  is  being  prosecuted.  The  appropriations 
for  1877,  '78,  and  '79  were,  respectively,  |5,000, 110,000,  and  $8,000.    The 
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(Bxpenditares  were  $5,000  (which  was  a  total  loss),  $20,000,  and  $30,000. 
file  differences  being  taken  fh)ni  the  fnnd  provided  for  the  improvement 
alt  the  navigation  between  the  Illinois  and  Ohio  Rivers.  The  original 
raids  allotted  by  Congress  being  also  taken  from  that  fnnd^  it  would 
BflOUi  to  be  canning  out  the  will  of  Congress  to  add  to  them  if  the  cir- 
enmstances  of  the  case  require  it.  But  the  fact  ought  to  be  stated  that 
this  work  is  not  now  in  the  interest  of  the  general  navigation,  but  is 
'toainly  of  imx)ortance  as  a  protection  of  lands.  Bank  protection  is  a 
HBCfftil  aid  to  navigation  by  stopping  the  supply  of  channel-choking 
material  and  by  preventing  the  river  ^om  increasing  its  width ;  but  the 
tiver  in  this  vicinity  is  in  a  bad  shape  for  perpetuation,  and  the  advan- 
tage to  be  derived  from  protecting  the  bank  is  more  than  counterbal- 
anoed  by  the  ugly  shape  of  the  channel  and  by  the  absorption  of  the 
ftinds  so  much  needed  elsewhere.  It  is  much  to  be  desiml  that  any 
flams  which  are  to  be  expended  upon  this  work  should  be  provided  in 
addition  to  those  designed  for  improving  the  navigation. 

The  cost  of  continuing  the  protection  to  the  end  of  the  bend  is  esti- 
mated at  $204,000,  of  which  $50,000  can  be  expended  to  advantage  next 
jesLTy  if  specially  and  independently  provided. 

LIBERTY  ISLAND  PROTECTION. 

No  work  done  and  none  contemplated  unless  some  repairs  should  be- 
come necessary  to  the  old  work,  which  is  now  in  good  condition. 

devil's  island. 

No  work  done  and  none  contemplated. 

DICKEY  ISLAND  TO  MOUTH  OF  THE  OHIO. 

Oi>erations  were  suspended  about  the  middle  of  October,  the  appro- 
priation being  exhausted.  The  revetment  was  extended  up  stream  a 
distance  of  2,900  feet.  It  has  been  raised  to  a  height  of  about  20  feet 
alx>ve  low-water  throughout  itsextent.  The  report  of  Assistant  Engineer 
Ohas.  S.  True,  who  ha^  charge  of  the  work,  is  appended,  marked  B,  to 
which  attention  is  invited  for  details. 

One  remarkable  fact  incidentally  noted  by  Mr.  True  is  the  low-water 

width  of  the  Mississippi  River.    A  section  was  taken  by  him  on  the 

'26th  of  September,  when  the  Gray's  Point  gauge  read  7.07  feet  above 

low-water,  and  it  was  found  that  the  whole  volume  of  the  river  was 

passing  through  a  space  743  feet  wide. 

A  still  less  width  was  noticed  lower  down  but  was  not  measured.  In 
Mch  case  the  channel  was  bounded  on  one  side  by  an  ordinary  sand  bar. 
This  shows  that  no  practicable  amount  of  contraction  of  the  river  will 
injure  deep  water  all  the  way  across,  and  is  to  be  borne  in  mind  when 
projects  are  under  consideration  for  improvement  of  Saint  Louis  Harbor 
or  other  important  harbors. 

The  expenditures  were: 

13,648.90  cubic  vartU  riprap $21,616  12 

L081.30  cords  brush    4,872  79 

Excavation 100  35 

Labor,  rope,  &o 315  91 

t5»,936  17 

EngineeriDg  and  contingencies 1, 271  78 

128,206  95 
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The  revetment  at  this  locality  now  covers  a  length  of  14,200  feet,  in- 
dnding  that  portion  previously  covered  by  the  spur-dikes  of  the  Cairo 
Lajid  Company.  The  latter  was  repaired  and  strengthened  by  the 
United  States.  The  work  wholly  new  covers  a  distance  of  10,700  feet 
built  in  1876,  '77,  '78,  and  '79.  It  consists  of  a  brush  mattress  covering 
tiie  foot  of  the  slope,  and  a  covering  of  stone  above  low-water  mark,  the 
latter  extending  to  a  height  of  about  20  feet  above  low- water.  It  is 
proposed  to  protect  the  bank  above  that  level  to  a  height  of  about  30 
feet  above  low-water  by  a  plantation  of  willows.  For  this  purpose 
15.000  have  been  allotted  from  the  appropriation  of  June  14, 1880. 

When  that  is  done  the  original  project  will  be  completed  and  the 
work  will  have  reached  a  stage  when  it  becomes  of  secondary  impor- 
tance in  the  general  scheme  of  improving  the  navigation.  The  local 
interest  desires  its  extension,  and  this,  while  not  of  primary  importance, 
will  be  useful  to  the  navigation  interests.  It  would  be  injurious  to  the 
latter,  however,  if  it  be  allowed  to  absorb  the  funds  needed  so  much 
more  at  other  points. 

It  is  recommended,  therefore,  that  this  work  be  separately  provided 
for.  The  sum  of  $50,000  can  be  expended  to  advantage  during  the  year 
ending  June  30,  1882,  if  specially  and  independently  provided.  It  is 
proposed  to  employ  it  in  removing  portions  of  two  of  the  old  spur-dikes, 
and  in  extending  the  protection  about  1,500  feet  down  stream. 

SURVEYS. 

To  comply  with  the  provisions  of  the  river  and  harbor  act  of  March  3^ 
1879,  a  special  survey  was  made  of  Alton  Harbor  and  of  the  Mississippi 
Biver  opposite  to  the  mouth  of  the  Missouri,  for  which  the  sum  of  $2,000 
was  allotted  and  expended  from  the  appropriation  for  examinations  and 
surveys  and  contingencies  of  rivers  and  harbors.  Two  differet  subjects 
of  discussion  being  involved,  the  map  was  divided,  and  that  part  cover- 
ing Alton  Harbor  was  forwarded  with  Colonel  Simpson's  report  of  Feb- 
ruary 9, 1880,  and  the  remainder  with  his  report  of  March  26. 

Much  of&ce  labor  was  expended  in  working  up  the  data  obtained  the 
previous  year  for  the  Board  of  Engineers  upon  the  low- water  naviga- 
tion of  the  Mississippi  and  Missouri  rivers,  with  a  view  to  putting  the 
information  obtained  in  proper  shape  for  transmittal  to  the  Mississippi 
Biver  Commission. 

This  work  was  under  the  immediate  direction  of  Assistant  Engineer 
B.  E.  McMath,  who  was  assisted  by  Assistant  Engineers  Wm.  Popp  and 
W.  S.  Mitchell.  His  report,  with  21  tables  and  49  sheets  of  diagrams, 
was  forwarded  to  Col.  Z.  B.  Tower,  Corps  of  Engineers,  on  the  Itb.  of 
February,  in  compliance  with  your  instructions  of  January  20, 1880. 

Included  in  the  surveys  undertaken  for  the  Board,  which  were  sus- 
pended uiK)n  the  organization  of  the  Mississippi  River  Commission,  was 
a  line  of  levels  to  extend  from  the  mouth  of  the  Illinois  to  the  mouth  of 
the  Ohio. 

The  establishment  of  permanent  bench-marks  along  the  bank  being 
necessary  in  carrying  on  the  duties  of  this  office,  a  paHy  was  organised 
to  continue  that  work.  Advantage  was  taken  of  the  opportunity  to  re- 
trace the  shore  lines,  and  correct  the  topography  of  our  maps.  This 
work  has  been  carried  down  as  far  as  Kaskaskia  Bend,  where  it  was 
suspended  on  account  of  the  appropriation  being  exhausted.  It  was 
conducted  by  Assistant  Engineer  P.  C.  F.  West,  who  is  entitled  to  credit 
or  skillful  management. 

A  resurvey  was  made  of  the  protected  bank  near  Cairo. 
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The  gauge  jit  Gray's  Point  has  been  read  diiily  thiotigliout  the  year. 
Gauges  were  established  in  April  at  Grafton  and  Alton,  and  dstily  ob- 
servatioLH  have  since  been  recorded. 

The  expenditures  were : 

Survey  at  Alton  Harbor,  &o J2.0(10  00 

ExammntioiiB,  &c.,  reqaired  by  Boa^  of  Eu^^neerB  on  low-water  uarigA- 

tjonof  MiBsiBsippi  River 4,W9  09 

Level  aud  topographic  earvey.- , 6,890  80 

Hydtographic  Barvey  near  Pioea  iBland I,  "id?  85 

Snrvey  iit  Cairo  protection a2H  75 

Water  ^aagcs,  iDcladiog  the  1192.15  reported  above  for  ganges  betwMn  tb« 

Illinois  and  Missouri . 282  15 

Total IB,  749  64 

An  allotment  of  |5,000  has  been  made  for  the  purpose  of  continuing 
the  work  of  leveling  and  correcting  the  topography  from  tlie  appropri- 
ation of  June  14, 1880. 

Operations  will  be  resumed  as  soou  as  the  stage  of  the  river  will 
permit. 

One  of  the  most  important  development*  of  this  survey  is  the  endeiice 
which  the  present  position  of  the  shore  lines  affords,  that  the  stability 
of  the  banks  has  decreased  with  the  settlement  of  the  country  and  the 
cleftring  away  of  the  forests.  Weakened  banks  permit  more  rapid 
erosions,  give  the  river  greater  width,  and  therefore  less  depth,  and  the 
navigation  is  injured.  The  fact  that  the  river  has  materially  widened 
within  the  last  00  yeai-s  is  generally  acknowledged  by  those  bent  in- 
formed, but  all  evidence  that  can  be  procured  in  support  of  it  is  useful 
in  resisting  claims  for  damages,  by  establishing  the  position  that  our 
works  of  improvement  are  works  of  conservancy.  And  if  this  widen- 
ing process  is  still  going  on  it  is  e\ident  that  tie  navigation  is  still  fur- 
ther deteriorating.  An  examination  of  the  shore  line  shows  that  in 
every  case  where  cleared  ftelds  along  a  caving  bank  are  interrupted  by 
a  patch  of  woods  the  latter  projects  out  into  the  rii'er.  It  is  easy  to  be- 
lieve that  the  binding  quality  of  the  roots,  and  the  protection  formed 
by  the  fallen  trees  at  the  foot  of  the  bank  should  have  this  effect. 
Wooded  banks  yield  finally,  of  course,  but  the  rate  of  erosion  is  so  slow 
that  the  river  has  time  to  build  up  on  the  opposite  side,  and  there  is  no 
iucreaee  of  width.  Four  estraets  from  Mr.  West's  maps,  selected  at 
points  which  had  been  previously  covered  by  autheutic  surveys  are  sub- 
mitted in  illustration  of  this  point. 

Extract  No.  1  shows  the  shore  line  opposite  the  mouth  of  the  Missouri 
as  it  was  in  1S70  and  in  1879.  In  nine  years  tlie  caving  at  the  upper  end 
of  this  ground,  where  the  bank  was  stocked  with  woods,  was  almost 
nothing ;  at  the  middle  portion,  the  ground  being  cleared,  there  was  an 
eroaion  of  over  900  feet,  and  at  the  lower  portion  where  wowls  are  fouud 
again  there  was  from  100  to  200  feet  of  erosion.  No.  2  shows  a  wooded  bank 
just  below  Carroll's  Island,  as  it  was  found  in  1872  and  in  1879.  It  has 
l>een  exposed  to  the  attack  of  the  main  channel  for  seven  years,  and  the 
erosion  is  nowhere  greater  than  200  feet,  and  in  some  places  is  less  than  20 
feet.  No.  3  shows  a  bank  alternately  cleared  and  wooded  just  above 
Eimmswick,  as  it  was  found  in  1873  and  in  1879.  An  erosiouof  1,600  feet 
in  the  deepest  part  where  the  bank  is  cleared  has  occurred  in  six  years, 
and  the  river  has  been  widened  that  much.  The  wooded  point  at  the 
lower  end  has  held  on  in  a  remarkable  manner.  No.  4  exhibits  Fish 
Bend,  where  the  erosion  has  been  more  rapid  than  at  any  other  point  cov- 
ered by  Mr.  West's  survey.  Nearly  2,0U0  feet  has  l)een  washed  away  in 
the  deepest  part  in  the  five  years  since  1874.    The  prominence  of  the 
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patch  of  woods,  marked  A,  near  the  middle  of  the  bend  is  apparent  to 
the  eye.  The  next  patch  below,  marked  B,  though  at  first  glance  Its 
prominence  is  not  so  apparent,  haj^  held  on  so  as  to  make  the  tiy^rM 
this  point  narrower  than  at  any  other  within  these  limits.  The  sutvey 
of  1874  gives  only  one  bank  of  the  river. 

The  facts  of  which  these  are  examples  lead  to  the  belief  not  ohfy 
that  the  navigation  has  been  deteriorating  in  the  past,  bat  that  the  pro- 
cess is  still  going  on,  and  will  increase  in  rapidity  as  farther  clearincls 
are  made,  and  that,  unless  energetic  measures  are  adopted  to  replaoe 
the  guards  established  by  nature  and  removed  by  man,  the  day  will 
come  when  the  navigability  of  the  river  for  vessels  that  now  use  it  Inll 
be  destroyed. 

EQUIPMENT. 

The  greater  number  of  the  works  in  this  district  being  sitnated  at 
points  where  it  is  impracticable  to  procure  suitable  boarding  accommo- 
dations for  the  force  employed,  itis  necessary  to  provide  public  quarters. 
To  construct  buildings  on  shore  would  necessitate  the  acquisition  of  land 
and  the  services  of  a  keeper  throughout  the  year  when  the  work  is  sus- 
pended, and  in  many  cases  the  buildings  would  be  needed  bat  a  short 
time.  A  better  arrangement  is  to  provide  floating  quarters  which  can 
be  moved  from  point  to  point,  and  be  brought  together  for  safe-keeping 
with  the  other  property  when  the  work  is  suspended.  Two  qoarter- 
boats  having  a  capacity  of  48  laborers  each,  with  the  necessary  kitchen 
and  office  room,  and  with  accommodations  for  the  overseer,  &a,  were 
built  at  a  cost  of  $2,000  each.  It  is  proposed  to  gradually  increase  the 
number  of  these  boats  as  appropriations  are  made. 

Barges  No.  4  and  No.  G  having  become  unserviceable,  were  condemned 
and  dropped. 

The  hull  of  the  steamer  Anita  is  nearly  worn  oat,  but  can  probably  be 
made  to  answer  through  the  coming  year. 

RIPARIAN  RIGHTS. 

One  of  the  most  important  questions  connected  with  the  improvement 
of  the  Mississippi  Eiver  is  that  of  riparian  rights.  The  reasons  why  it 
is  of  special  interest  to  the  Engineer  Depari;ment  are  that  under  the 
present  frequent,  if  not  general,  interpretation  of  the  common  law :  1st, 
the  boundary  between  imvate  property  on  the  banks  and  the  pu'Uic 
highway  is  not  defined,  while  it  is  of  great  importance  that  it  shotdd  be 
defined  if  the  government  is  to  be  held  liable  for  damages  caused  by  Its 
works,  and  it  is  important  in  any  event  in  order  to  avoid  trespassj  2By 
the  accretions  caused  by  the  works  belong  to  the  owner  of  the  ac^ouiing 
land,  while  it  is  absolutely  necessary  that  the  government  shoald'^don- 
trol  these  accretions  for  a  considerable  period  after  they  emerge  trom 
the  water ;  3d,  the  United  States  has  no  title  to  alluvial  islands  ibrmed 
by  nature,  or  to  lands  reclaimed  by  its  works,  while  it  reqnires  snrii 
lands  for  the  cultivation  of  willows,  and  should  in  equity  fidl  heir  to 
them  as  they  are  formed. 

It  is  uncerta>in  how  far  the  laws  declaring  the  Mississippi  a  paMic 
highway  have  impaired  the  right  of  private  ownership  of  the  bed.  Of 
the  two  States  bordering  upon  my  district,  the  courts  of"  Illinois  hold 
that  this  right  still  exists;  those  of  Missouri  that  it  does  not.  The 
Supreme  Court  of  the  United  States  has  decided  that  it  does,  and  again 
that  it  does  not.  But  I  believe  that  a  majority  of  the  States  hold  timt  it 
does,  and  this  must  probably  be  considered  the  present  law  of  the  land. 
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Cannot  be  considered  good  law,  because  it  is  not  good  policy.  The  rea- 
soDing  by  which  the  adverse  decisions  referred  to  were  reached  was  prob- 
ably based  upon  the  supposition  that  the  jmblic  requires  onlyapiwsajfe  orer 
the  bed,  That  is  not  thecase..  Tlie  public  requires  to  go  down  foand  tinder 
the  bed  to  establish  substantial  works  upon  it  and  to  keep  them  there  for- 
ever. It  requires  to  remove  the  water  from  parts  of  tlie  bed,  and  to  put 
sach  parts  to  its  own  uses  for  an  indefinite  period.  If  the  right  of  private 
ownership  is  recognized,  the  United  States  can  do  nothing  without  tres- 
passing upon  private  property ;  there  can  be  no  further  argument  as  to 
the  ownership  of  accretions  or  "  tow -heads,"  and  it  is  in  the  power  of 
any  ignorant  or  malicious  riparian  owner  to  place  endless  obstacles  in 
the  way  of  the  improvement- 
Considering  the  bed  as  a  whole,  the  question  of  ownership  is  of  f^r 
greater  interest  to  the  United  States  than  to  any  individual,  for  to  the 
former  it  is  a  necessity  as  the  site  of  its  works,  while  to  tlie  latter  it  is 
of  little  practical  value.  Bat  at  the  margin  of  the  stream  the  interests 
are  more  nearly  equal.  Ooncedeing  that  from  the  nature  of  the  ease  it 
is  necessary  that  the  government  (whether  State  or  national)  ahoald 
own  the  bed  of  the  stream,  it  remains  to  define  what  is  meant  by  the 
bed,  and  to  fix  a  bonndary  between  the  public  and  privat«  property. 
This  boundary  is  necessarily  a  movable  one,  and  nuist  be  the  water 
edge  at  some  given  stage,  a  low,  a  high,  or  a  mean  stage.  The  question 
has  been  decided  in  France  accoi-ding  to  the  old  Bomau  law,  "ripa  ea 
putalvr  esse  quae  plenissimum  fiumen  continet^  and  there  the  bed  com- 
prises all  the  ground  covered  by  the  water  when  it  has  reached  its  great- 
e»t  elevation  before  overflow. 

Whatever  elevation  the  waters  may  reach,  so  long  as  there  is  no  over- 
flow or  Hood  they  are  within  their  own  domain,  and  this  is  properly  con- 
sidered the  bed.  The  question  of  determining  the  exact  level  at  which 
flood  begins  at  any  locality  is  left  to  the  executive.  This  arrangement 
ha«  worked  well  there,  and  would  probably  work  equally  well  here. 

The  contraction  of  the  river,  where  it  is  excessively  wide,  results  in 
tlie  formation  of  cmsitlcnible  bodies  of  reclaimed  land.  It  is  necessary 
that  this  land  should  remain  under  the  exclusive  control  of  the  govern- 
ment for  an  uncertain  number  of  years,  until  by  successive  deimsits 
from  the  river  it  has  been  ,raised  to  a  height  at  which,  with  suitable  pro- 
tection, it  is  secure  from  ever  becoming  again  the  site  of  the  river.  As 
riparian  rights  are  now  interpreted,  these  formations  become  the  private 
property'  of  the  adjoining  land  owner  as  soon  as  they  emerge  from  the 
water.  This  doctrine  seems  fair  enongh  when  the  accretions  are  the 
result  of  natural  causes,  but  when  they  are  the  result  of  large  expend- 
itares  of  money,  its  fairness  is  questionable.  The  accretions  Tuay  be  an 
injury  to  the  riparian  owner  by  removing  fWim  him  water  for  his  animals 
and  his  land ;  but  from  the  natiu^  of  the  case  they  would  not  be  caused 
in  any  but  places  that  are  already  shoal  or  liable  to  become  so,  and  could 
not  cnt  him  off  from  navigable  water  any  more  than  the  shoals  did  be- 
fore. On  the  contrary,  by  giving  him  a  right  of  way  across  the  new- 
made  land,  his  approach  to  deep  water  would  be  fadlitated. 
It  seems  to  me  that  the  small  injury  of  compelling  him  to  go  some- 
fiirther  for  his  water  is  one  of  those  that  the  individual  must 
be  ready  to  suffer  for  the  benefit  of  the  public,  and  that  if  a 
of  way  be  allowed  across  the  new  land  to  the  river,  no  injustice 
be  done  in  declaring  these  reclaimed  lands  the  property  of  the 
TToited  States.  This  question  has  been  solved  in  a  different  way  in 
France,  by  fixing  as  the  boundary  between  public  and  private  property 
the  water-edge  at  a  high  stage.    The  new-made  land  thus  remains  under 
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the  exclusive  contix)!  of  the  government  until  it  has  reached  a  height 
at  which  it  can  be  cultivated.  It  then  reverts  to  the  a^'acent  proprie- 
tor, the  right  of  the  government  to  exact  an  indemnity  being  recog- 
nized. Probably  this  solution  would  be  a  less  shock  to  legal  prejudices 
than  for  the  government  to  assume  the  ownership  outright.  The  indem- 
nity exacted,  however,  could  only  be  the  difference  between  the  value 
of  "the  land  before  improvement  and  that  after.  The  former  being 
nothing,  the  financial  result  to  the  riparian  proprietor  would  be  the  same 
under  either  solution.  ^ 

Aside  from  the  necessity,  from  an  engineering  point  of  view,  of  con- 
trolling the  reclaimed  lands  for  a  series  of  years,  they  are  of  great  value 
to  the  government  in  the  cultivation  of  the  willows,  which  are  a  vital 
necessity'  of  the  improvement.  The  supply  of  willow  brush  in  the  wild 
state  is  limited.  There  is  even  now  no  great  surplus,  and  if  the  opera- 
tions should  be  extended  there  will  be  great  diflSculty  from  this  source. 
At  present  the  price  is  low,  but  it  would  not  be  difficult  for  an  enter- 
prising individual  to  secure  such  a  monopoly  as  would  enable  him  to 
exact  a  price  many  times  a^s  higb.  The  only  safeguanl  against  exorbi- 
tant prices  or  a  failure  of  the  supply  altogether  is  to  own  willow  planta- 
tions. Now  the  means  by  which  it  is  expected  to  cause  deposits  upon 
the  reclaimed  land,  and  thus  raise  it  to  a  secure  height,  is  a  plantation 
of  willows.  We  have  therefore  not  only  made  the  hvnd,  but  we  have 
also  stocked  it  with  a  growth  that  is  of  great  value  to  us  for  improve- 
ments elsewhere.  There  is  every  reason,  then,  why  the  government 
should  take  possession  of  these  lands  if  it  can  be  properly  done. 

Alluvial  islands  of  recent  formation,  or,  as  they  are  generally  known 
upon  the  river,  "  tow-heads,"  are  of  equal  value  to  the  United  States  for 
this  purpose,  and  of  no  value  whatever  to  any  other  person,  unless  the 
United  States  becomes  a  purchaser  of  the  product.  These  belong  either 
to  the  owner  of  the  adjacent  land  or  to  the  riparian  State,  but  in  no  case 
to  the  United  States.  A  title  to  them  could  be  obtained  from  the  legis- 
latures of  the  riparian  States  if  it  is  once  settled  that  they  belong  to 
those  States.  But  looking  at  the  subject  independently  of  the  law,  it 
would  seem  that  these  formations  should  belong  to  the  United  States, 
because  they  are  of  value  to  it  and  to  no  one  else,  and  because  in  exer- 
cising it«  power  of  conservancy  it  often  finds  it  necessary  to  assume 
ownership  to  the  extent  of  removing  parts  of  them  as  public  naisanoes; 
also,  because  it  is  often  pi*actically  impossible,  in  a  stream  a  mile  wide, 
with  a  frequently-shifting  channel,  to  tell  to  which  one  of  two  opposite 
States  the  formation  would  belong. 

It  seems  to  me  that  these  various  considerations  should  receive  the 
attention  of  the  government  now,  while  the  interests  at  stake  are  com- 
paratively small.  The  rectification  of  the  Mississippi  Biver  will  give  an 
intrinsic  value  to  ownerships  which  are  now  but  little  more  than  leases. 
The  value  of  the  principal  product,  willows,  now  almost  nothing,  is  in- 
creasing, while  increase  of  the  population  must  necessarily  increase  the 
value  of  the  land.  To  leave  them  to  work  their  own  solution  in  the 
common  law  is  at  best  an  expensive  method,  and  judging  by  some  recrat 
decisions  it  is  one  which  may  result  in  rendering  a  prosecution  of  the 
improvement  impracticable.  The  difficulty  can  be  solved  by  legislation 
declaring  the  bed  of  the  river  a  part  of  the  public  highway,  and  ti^ere- 
fore  public  property,  and  defining  the  bed  to  be  all  ground  lying  below 
high-water  mark,  the  determination  of  the  exact  line  which  shall  be 
considered  high- water  mark  at  any  locality  being  left  to  the  ezeootive.  It 
is  respectfully  recommended  that  steps  be  taken  to  secure  snch  legisla- 
tion. 
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DAMAOES  CAUSED  BY   THB  WORKS. 

Closely  related  to  tlie  foregoiug  is  the  queutioii  of  damages  to  riparian 
owne™,  canaed  by  the  works  of  iniprovomeiit.  Altboiigh  its  settlement 
may  not  be  within  the  reach  of  legislation,  its  present  discnssion  will  be 
profitable  if  it  shall  be  found  that  the  government  ean  properly  aasame 
a  position  opiwsed  to  all  such  claims.  Having  taken  np  such  a  position, 
no  opportnnily  should  hereafter  be  lost  to  obtain  and  record  evidence 
which  may  affect  it. 

Engineering  operations  upon  the  river,  though  they  will  eventually 
benefit  all  riparian  owners,  will  at  first  affect  some  of  them  favorably 
and  some  unfavorably.  One  man's  property  will  be  washed  away,  while 
another'^  will  receive  accretions.  One  water  front  will  become  ina«essi- 
ble,  while  auother  will  receive  the  main  channel.  These  changes  are 
coiietantly  occurring  in  the  course  of  nature,  and  are  submitted  to  now 
as  inevitable.  But  when  the  lotssea  can  be  charged  to  the  operations  of 
the  government,  the  suflerers  will  be  less  placid.  If  engineers  are  work- 
ing in  the  vicinity  the  changes  will  be  attiibuted  to  them,  whether  right- 
fully or  wrongfully,  and  claims  for  damages  are  to  be  expected. 

In  an  opinion  of  the  Attorney-General,  Mr.  Caleb  Cuahing,  dated  Oc- 
tober 19,  1853,  it  is  shown  that  while  the  jurisdiction  and  ownership  of 
the  shores  and  bed  of  a  navigable  stream  are  vested  Id  the  States  and 
not  in  the  Cnited  States,  "a  power  exists  in  the  Federal  Government — 
ajvx  inttjistaticum — for  the  conservation  of  the  public  rights  of  naviga- 
tion and  commerce,"  and  he  remarks  that  "the  power  to  regulate  the 
OSB  of  the  shores  and  beds  of  navigable  waters,  so  that  the  lawful  pnr- 
poses  of  commei'ce  and  navigation  shall  not  be  hindered,  is  quite  dis- 
tinct fi-om  the  right  of  eminent  domain." 

The  subject  under  discussion  by  him  was  the  power  of  the  United 
States  to  prevent  the  construction  by  man  of  a  nuisance  in  a  navigable 
water;  but  it  seems  to  me  that  the  application  of  the  principles  laid  down 
may  be  extended  to  such  natural  but  temporary  nuisances  as  are  con- 
stantly being  constructed  by  a  silt-bearing  stream  like  the  Mississippi. 
Among  these  are  snags,  islands,  "  tow-heads,"  bars,  and  other  shoada. 
Indeed,  such  application  is  tacitly  recognized  by  the  appropriation  of 
money  tor  the  removal  of  these  nuisances. 

But  the  government  is  liable  in  these  operations  to  be  considered  as 
acting  on  the  offensive  instead  of,  as  is  the  fact,  on  the  defensive.  The 
distinction  is  a  very  important  one,  when  the  claims  for  damages  by  ri- 
parian owners  are  under  consideration.  If  the  works  of  improvement 
are  works  of  conservancy,  and  are  planned  so  as  to  do  no  willful  and 
malicious  injnry  to  an  individual,  there  can  be  no  vabd  claim  tor  dam- 
ages. If  on  the  other  hand  a  new  state  of  affairs,  never  known  before, 
is  being  produced,  and  the  water  highway  is  really  being  made  better 
than  it  ever  was  before,  and  to  the  injury  of  a  riparian  owner,  as  in  a 
slackwater  improvementj  damages  may  properly  be  claimed. 

The  shoals  in  the  Mississippi  are  constantly  shifting  their  position,  and 
there  are  very  few  spots  now  occupied  by  them  where  there  has  not  been 
deep  water  within  a  recent  jieriod.  It  is  pretty  well  established  that 
there  was  in  former  years  a  depth  of  water  throughout  the  navigable 
channel  at  the  lowest  stage  at  least  equal  to  what  we  shall  endeavor  to 
obtain  by  our  works.  It  would  of  course  be  impossible  to  show  that  the 
form  given  to  the  river  after  improvement  was  the  same  as  that  it  ouce 
had,  but  it  would  be  sufficient  to  show  that  only  the  works  necessary  to 
remove  the  nuisance  and  to  keep  it  from  returning  had  been  constructed. 

It  is  a  fact  that  we  are  not  attempting  to  make  an  unnavigabte  river 
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navigable,  nor  even  to  obtain  a  greater  depth,  at  any  given  point  than 
often  naturally  exists  there.  Although  the  river  as  a  whole  may.  when 
the  work  is  completed,  be  in  better  condition  than  it  ever  was  Deform 
and  the  character  of  the  stream  as  a  whole  is  thus  being  altered,  thfd 
same  cannot  be  said  of  any  small  portion  of  it.  GonsideriQg  a  section 
bordering  upon  the  property  of  any  individual,  our  obj^t  is  simply  to  re- 
store what  once  existed,  and  to  do  it  in  such  a  ws^  that  the  restoratioii 
shnll  be  permanent.  The  river  may,  for  this  purpose,  be  compared  to  a 
railroad  constructed  originally  with  two  steep  slopes  in  its  cuts.  GoQStaiit 
slides  obstruct  the  use  of  the  highway.  .  A  removal  of  the  obstmctions 
and  a  correction  of  the  slopes  put  the  road  as  a  whole  in  better  oondi* 
tion  than  it  ever  was  before ;  yet  these  are  strictly  works  of  conservancy. 
There  is  no  doubt,  therefore,  in  my  mind,  that  all  works  of  improvement 
of  the  general  navigation  to  the  extent  of  obtaining  a  channel  depth  of 
10  or  12  feet  below  Saint  Louis  at  the  lowest  stage  may  be  properly  re- 
garded as  works  of  conservancy. 

This  view  of  the  matter  can  work  no  hardship  to  the  present  riparian 
owners.  As  l)efore  intimated,  no  man  who  now  possesses  a  deep-water 
front  can  count  upon  long  retaining  itj  nor  can  the  owner  of  land  be 
assured  of  any  period  during  which  the  nver  will  leave  him  in  poasession. 
He  holds  his  property  with  this  understanding,  and  it  is  valaed  aooQid- 
ingly. 

OONTBACT  SYSTEM. 

All  work  during  the  year  has  been  done  by  hired  labor  and  the  pur- 
chase of  material  in  open  market.  It  is  intended  to  continuje  this  system 
during  the  coming  year,  as  the  work  here  cannot  be  done  by  contract 
without  injury  to  the  public  interest.  Both  systems  have  been  tried^ 
and  the  contract  system  has  been  found  the  more  expeosive  of  the  two. 
(See  Annual  Report  of  the  Chief  of  Engineers  for  1877,  page  514.)  Bat 
a  consideration  of  still  greater  importance  is  that  the  present  system 
enables  us  to  make  advances  in  the  art  of  river  improvement  which 
would  not  be  practicable  under  the  contraet  system.  The  plan  of  the 
improvement  is  one  thing ;  the  method  of  construction  is  another.  No 
change  is  contemplated  in  the  former.  It  is  the  plan  recommended  for 
rivers  of  this  character  by  every  engineer  of  repute  from  the  time  of  Priai 
to  the  present  day.  It  is  in  brief  to  concentrate  all  the  waters  of  the 
river  in  a  single  water-way  of  moderate  width ;  that  is,  to  close  island 
chutes  and  contract  the  width  of  the  river  where  it  is  inordinately  great> 
It  is  the  plan  lately  recommended  by  the  Mississippi  Biver  Commission, 
and  there  is  no  presumption  in  saying  that  it  is  the  only  possible  plan 
by  which  the  navigation  can  be  improved.  But  the  methods  of  con- 
struction have  been  greatly  altered  and  improved.  Using  at  first,  in 
1873,  the  method  successfully  employed  upon  some  of  the  largest  I!a- 
ropean  rivers,  we  have  by  successive  steps  developed  a  totally  different 
system,  as  is  shown  above  in  the  description  of  the  works  at  HorsetaiL 
Each  step  forward  has  been  an  experiment,  and  to  this  the  contract 
system  would  have  been  directly  opposed.  The  present  method  is  con- 
sidered good,  but  it  caimot  be  asserted  that  no  further  advances  are  to 
be  made,  and  until  that  becomes  practically  the  case,  the  contract  ^ys* 
tem  will  be  an  injury  to  the  interest  of  the  government. 

The  treacherous  foundations  of  the  Mississippi  render  it  necessary  that 
the  engineer  should  have  full  liberty  to  change  his  plans  whenever  nec- 
essary ;  the  varying  height  of  the  water  makes  it  essential  that  he  dioidd 
be  able  to  push  his  work  or  to  slaken  it  according  to  circumstances; 
and  the  superior  biulding  power  possessed  by  the  river  at  one  season 
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cofnpared  to  what  it  possesses  at  aoother,  renders  the  seaBoa  of  tbe 
yew:  at  whiuU  the  work  shall  be  eiieigetically  pnfihe4  I'ar  from  a  matter, 
of  indifference.  The  engineer  In  charge  must,  therefore,  have  full  coiv 
trol  of  his  works  aD<l  all  their  details. 

To  place  their  execution  in  the  hands  of  a  contractor  would  almoafc 
certainly  involve  faQitre.  Even  if  this  were  not  the  case  tJie  cotitra£t 
system  would  necessarily  increase  the  cost.  There  are  serious  difflculr 
tiee  in  the  way  of  preparing  speoihcations.  All  estimatoB  are  uecesat^ 
rily  Queer  tain. 

As  the  conditions  cliange,  the  character  of  the  work  is  liable  to 
change.  If  the  water  becomes  suddenly  deep  a  different  form  of  con- 
stmction  is  req^aired  from  what  would  be  used  if  it  I'emained  shallow.  A 
sbiftiug  of  the  cliannel,  or  other  causes,  may  make  work  difhcult  which 
promised  to  be  easy,  and  vitre  versa.  Knowing  these  risks,  responsible 
contractors  will  not  bid  without  a  wide  margin  of  profit.  The  result  ia 
either  to  pay  a  high  price  for  the  work  or  to  throw  it  into  the  hands  of 
irresponsible  persons.  The  latter  would  probably  be  the  more  usual 
result,  and  it  would  in  the  end  be  far  the  more  costly.  The  forfeiture  of 
bonds  is  a  poor  return  for  the  damage  caused  by  the  lose  of  a  working 
season  and  tbe  possible  necessity  of  preparing  new  plans,  involving  the 
removal  of  work  which,  in  competent  hands,  would  have  proved  boue- 
ficial,  but  which  has  become  an  obstruction  to  navigation.  It  Dtay  be 
said  that  a  careful  scrutiny  of  the  business  reputation  of  bidders  will 
prevent  the  latter  evil.  The  answer  is  that  between  those  persons  who 
are  well  known  to  be  responsible  and  those  known  to  be  the  reverse 
there  is  a  wide  field  of  character,  containing  all  grades  of  honesty  and 
capacity,  and  that  many  bidders  may  be  found  to  whom  no  valid  objec- 
tions could  be  raised  in  advance,  but  who  would,  nevertheless,  hold  a 
position  in  tbe  business  world  far  below  what  the  work  on  this  river 
requires.  And  it  should  be  borne  in  mind  that  the  field  is  opeu  to  all  of 
thi*ui.  The  character  of  the  work  is  totally  different  from  that  being 
execnted  by  any  private  individual  in  this  country.  If  a  bidder  could 
come  prepared  with  bis  plant  and  with  experience  in  similar  work  else- 
whexe,  there  would  be  a  fair  chance  of  his  shutting  off  many  of  those 
who  have  neithei';  and  there  would  at  least  be  a  pretext  for  awarding 
him  the  contract,  even  when  lower  bids  had  been  received  from  others. 
But  here  no  one  has  the  experience,  and  few,  if  any,  have  the  plant. 
With  competition  under  these  circumstances  there  can  be  but  one  result, 
and  that  is  to  award  the  contract  to  the  person  who,  groping  his  way  in 
the  dark,  is  willing  to  take  the  greatest  pecuniary  risks  with  the  least 
profit  as  inducement.  It  is  not  reasonable  to  expect  that  that  person  will 
be  tbe  one  who  will  have  the  inclination  and  the  power  to  carry  out  his 
contract  at  any  and  all  costs  to  himself. 

APPKOPEIATIOM   OF  JUNE  14,   1880. 

The  allotments  made  from  the  appropriation  of  June  14, 1880,  amount- 
ing to  $250,000,  were,  for— 

Bejiaira  and  caDtiii)[euciGB tlO.  000 

Levels  and  topogtapLj 5,000 

Horsetail  Bar 1,10,000 

Ckiro  protection 5,000 

LocMed  byCougreas 20,000 

Total 190,000 

Which  leaves  a  balance  of  $60,000,  available  for  beginning  a  new 
work. 
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The  two  worst  places  between  Saint  Louis  and  Cairo  are  in  the  vicin- 
ity of  Widow  Beard's  Island,  between  Carroll's  Island  and  the  month  of 
the  Meramec,  and  just  below  Kaskaskia  Bend.  The  least  deptiii  of 
water  found  last  autumn  at  the  former  was  4  feet  4  inches,  and  at  the 
latter  4  feet. 

The  changes  going  on  at  Kaskaskia  Bend  and  just  above  render  it 
impossible  to  foretell  what  the  shape  of  the  river  will  be  in  a  few  years 
from  this  time,  and  what  will  be  the  line  of  its  approach  to  any  works 
which  might  be  planned  for  the  improvement  of  the  locality  mentioned. 

Attention  will  therefore  be  turned  to  that  portion  of  the  river  lying 
between  Carroll's  Island  and  the  mouth  of  the  Meramec.  A  survey  of 
the  locality  will  be  undertakeu  as  soon  as  the  river  has  fiallen  to  a  suit- 
able stage,  and  a  plan  of  the  works  requir^^d,  with  an  estimate  of  their 
cost,  will  be  submitted  as  soon  afterwards  as  practicable. 

COMMERCE  TO  BE  BENEFITED. 

It  is  not  practicable  to  give  with  accuracy  the  amount  of  commerce 
that  will  be  benefited  by  the  completion  of  this  work.  The  statistics 
collected  by  Colonel  Simpson  in  1877  showed  that  the  value  of  the  com- 
merce which  actually  floated  upon  the  Mississippi  between  the  Illinois 
and  Ohio  rivers  was  then  $178,000,000,  exclusive  of  the  value  of  vessels. 
This  evidently  is  no  measure  of  the  commerce  to  be  benefited,  since  the 
rates  by  river  affect  the  rates  by  rail.  A  considerable  part  of  idl  the 
commerce  of  the  Mississippi  Valley,  whether  by  land  or  water,  most  be 
benefited  by  the  improvement.  There  are  no  reliable  data  within  my 
reach  for  estimating  the  value  of  this  commerce.  It  has  been  estimated 
by  some  persons  at  $5,000,000,000.  Much  of  this  is  independent  of  the 
river,  and  the  value  itself  may  be  too  high  or  too  low ;  but,  without 
claiming  any  approach  to  accuracy,  the  figures  serve  to  give  a  genend 
idea  of  the  magnitude  of  tlie  interests  involved.  If  they  be  divided  by 
10,  a  value  of  $500,000,000  will  still  remain,  and  this  will  undoubtedly 
fall  below  the  truth. 

ESTIMATE  FOR   YEAR  ENDING  JUNE  30,  1882. 

It  has  been  shown  in  the  annual  reports  from  this  office  that  the  great 
difterence  between  the  annual  estimates  and  the  amounts  appropriated 
would  result  in  very  much  overrunning  the  total  estimate  before  the 
work  is  completed ;  and  the  oi)inion  was  expressed  last  year  that,  with 
annual  appropriations  of  $200,000,  as  have  prevailed,  the  final  improve- 
ment would  cost  $20,000,000  instead  of  $7,684,000,  as  estimated,  and 
would  occupy  a  century.  Two  hundred  thousand  dollars  is  less  than  3 
per  cent,  of  the  total  estimate;  and  $250,000,  the  amount  of  the  appro- 
priation for  next  year,  is  about  3J  per  cent.  As  2  or  3  per  cent,  of  the 
total  cost  would  not  be  an  extravagant  estimate  for  keeping  the  works 
in  repair  after  they  were  once  wholly  completed,  it  is  evident  that  the 
time  and  the  cost  given  above  are  rather  under  than  over  stated.  The 
estimate  of  $7,684,200  was  submitted  in  1876,  previously  to  whidi  time 
$725,000  had  been  appropriated,  leaving  $6,659,200  to  be  provided.  The 
annual  appropriations  since  that  date  have  varied  ftom  nothing  to 
$250,000.  There  is,  therefore,  reason  now  to  add  to  the  original  esti- 
mate, but  it  is  retained  for  the  present  with  the  hope  that  enlarged 
operations  and  improved  methods  will  render  it  possible  to  recover  the 
ground  lost.  There  remained  to  be  appropriated  on  the  SOtfa  of  Jane, 
1880,  $6,039,600.    Leaving  out  of  account  the  immense  financial  advan- 
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tages  to  the  goverumeut  aud  the  public  which  will  result  annually  from 
secoring  cheap  through  transportation  at  the  earliest  possible  jmoment, 
it  may  be  stated  that  the  work  will  be  accomplished  with  the  least  out- 
lay by  six  annual  appropriations  of  $1,000,000  each.  The  less  the  annual 
appropriation  the  greater  the  final  cost.  I  therefore  submit  an  estimate 
of  $1,000,000  as  the  amount  that  can  be  advantageously  expended  dur- 
ing tne  year  ending  June  30,  1882.  And.  in  order  that  this  sum  may 
produce  the  greatest  results,  it  is  of  the  highest  importance  that  it  should 
be  applied  exclusively  to  the  works  of  primary  importance  to  the  navi- 
|p^on  interest.  To  expend  any  considerable  portion  of  it  at  this  time 
in  the  protection  of  local  interests,  as  at  Alton,  Kaskaskia,  Cairo,  and 
vunilar  places,  must  evidently  be  injurious  to  the  interests  of  commerce. 
It  is  desirable  that  such  of  these  works  as  Congress  thinks  proper  to 
prosecute  at  this  time  should  be  provided  for  separately.  Separate  es- 
timates for  those  which  have  been  begun,  viz,  Kaskaskia  and  Cairo, 
have  been  given  under  their  respective  headings.  These  aggregate 
$100,000,  which  is  added  to  the  amount  required  for  the  navigation 
interest,  making  $1,100,000  in  all.  It  is  proposed  to  employ  this  sum 
in  completing  the  works  now  progressing  and  those  to  be  begun  at  Piasa 
and  Widow  Beard's  islands,  and  in  beginning  works  near  Herculaneum, 
Platin  Rock.  Fish  Bend,  Fort  Chartres  Island,  Jones's  Point,  and  Hat 
Idand,  of  wnich  detailed  estimates  cannot  be  given  in  advance  of  the 
survey  required  for  the  actual  beginning  of  each  work.  It  is  possible 
ibiA  obstacles  may  be  developed  at  other  places  before  that  appropri- 
aljon  becomes  available,  which  may  be  worse  than  those  now  existing 
ait  the  points  mentioned.  In  that  case  the  programme  given  would  be 
modiHed. 

In  submitting  this  estimate  attention  is  again  invited  to  the  fact  that 
iSfyp  farces  which  have  injured  the  navigation  of  this  portion  of  the  Mis- 
Mflippi  are  still  at  work.  It  cannot  be  stated  too  often  or  too  plainly 
that  the  navigability  of  the  river  is  in  danger.  The  question  involved 
is  not  simply  whether  better  navigation  shall  be  secured,  but  whether 
f|i{fih  as  now  exists  shall  be  preserved.  The  works  required  to  accom- 
Bliah  the  one  object  may  be  made  to  accomplish  the  other.  The  longer 
diii.exeGution  of  them  is  postponed  the  more  there  will  be  to  do,  and,  as 
l^cipc^  stated,  the  i^ower  they  progress  the  more  they  will  cost. 

^Q^yrorkis  located  in  the  conection  district  of  New  Orleans. 

Anfant  of  revenue  coUected  at  the  port  of  Saint  Lonis  for  the  fiscal  year  ending 
JlS«^  1H80,  was  $1,176,009.57. 

Money  statement. 

Jf«]|jl,  1879,  amount  available 1*200,245  27 

AaMNUit  received  for  fuel  sold  to  officers 30  00 

MammaA  appropriated  by  act  approved  June  14,  1880 250, 000  00 

'^""  !5l450, 275  27 

fhffj.  1|  1880,  amount  expended  during  fiscal  year : 

,  H.  Simpson,  Corps  of  Engineers 127, 118  6G 

O.  H,  Ernst,  Corps  of  Engineers 38, 396  55 

J80,  outstanding  liabilitie« 1, 421  49 

166, 936  70 

J«ly  1,1880,  amount  available 283,338  57 

Aaaant  (estimated)  required  for  completion  of  existlug  project (>,  0o9, 600  ()0 

fc  tJiat  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 
1,100,000  00 

87  £ 
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A. 
KEroKT  or  MR.  n.  m.  cl'hrik,  assistant  KXtiixr.Kk. 

Saint  Louis,  Mo.,  Jul;/  f*,  1*^). 

Captain:  The  following  report  of  operations  for  the  improvomeiit  of  the  MissifWiiippi 
River  at  Cahokiu  Chute  and  Korsetail  liar  during  the  fiscal  year  ending  .June  :iO,  HHO, 
id  respectfully  Hubniitted : 

CAiioKiA  cihtp:. 

The  dam  acrOHs  Cahokia  Cliute  was  hroken  on  or  ahout  August  30,  while  the  wat«T 
Avad  approaching  the  low  stage.  The  breach  after  being  fully  developed  was  3(M)  iWt 
wide  with  24  feet  maximum  depth.  Ita  location  waa  eaatwaid  from  a  i)oint  100  feet 
from  Arsenal  Islanil. 

The  revetment  on  Arsenal  Island  below  the  dam  was  seriously  injured  by  the  strong 
current  pouring  through  the  breach,  which  en>de<l  the  bed  to  great  depths  and  undei- 
uiiued  it.  The  dam  liad  settled  at  several  points  along  its  length  so  that  its  crest  i>ri*- 
Hented  an  uneven  surface  and  an  irregular  width. 

The  work  of  closing  the  breach  was  commenced  on  the  2d  and  completed  on  the  'JOtii 
of  September.  In  closing  this  l)reacli  large  stone  was  nsed  to  break  up  sti'ong  currents 
aud  was  found  to  be  in  the  interest  of  ecomimy.  A  considerable  saving  was  made  in 
the  amount  of  material  requirtnl  by  a  change  in  the  alignment,  deflecting  it  up  stream, 
bO  that  the  hole  in  which  the  maximum  depth  was  found  extended  only  into  the  lowei 
Hlope  instead  of  across  the  whole  base  of  the  <lam,  as  it  would  have  done  had  the  dam 
been  reinstated  upon  its  original  line. 

Atte»r  closing  the  brt^ach  the  crest  of  the  dam  was  dressed  to  an  e^'en  surface  and  jih 
nearly  to  a  regular  width  as  practicable  at  moderate  ex])ense.  Its  general  elevation 
"waa  left  9  feet  above  low-water  with  approaches  at  each  end  rising  by  gradual  slopes 
to  14  feet. 

A  mat  of  brush  was  placed  in  the  base  of  the  revetment  below  the  we^it  end  of  thi^ 
dam,  and  a  revetment  of  stone  was  extended  up  the  slope  of  the  bank  to  about  12  feet 
above  low-water.  The  bank  above  that  elevation  being  vertical,  or  nearly  so,  was 
left  to  receive  a  slope  by  the  action  of  the  river  at  high  stages  before  being  revetttMi. 
All  of  these  repairs  were  completed  by  the  last  of  Octobi^r. 

The  following  statement  shows  the  quantities  and  cost  of  material  expt'uded : 

9, 556.77  cubic  yards  stone  placed  as  riprap .^12, 2^*^)  <i5 

118.09  cords  brush 24«  81 

Kngineering  and  contingencies 411  2r^ 

Total 12,9iW  71 

HORSETAIL   IIAR. 

The  work  of  this  fiscal  year  at  Horsetail  Bar  was  in  continuation  of  the  construction 
of  the  traiiiing  wall,  and  the  hurdles  in  rear  of  it. 

During  the  two  years  immediately  preceding,  a  section  of  the  training  wall  was 
boilt  between  dikes  Nos.  3  and  4,  and  another  irom  the  willow  bar  above  dike  No.  'J 
down  stream,  a  distance  of  5,950  feet,  leaving  a  gap  2,500  feet  long,  which  had  a  a 
average  depth  of  22  feet  with  the  stage  of  the  river  at  12  feet  above  low-water.  To 
cloee  that  gap  wiis  the  object  of  this  years  work  on  the  training  wall. 

On  the  map  of  Horsetail  Bar,  showing  pi'ogress  of  work  and  the  results  obtained, 
this  sap  is  shown  betw^een  points  marked  P  and  Q. 

Oi  the  lines  of  hurdles  shown  on  this  map,  all  of  those  above  dike  No.  2,  and  tlit.i 
third  one  below  the  dike,  were  built  last  year. 

The  progress  of  the  silting  up.  or  the  results  obtained,  may  be  seen  in  a  general 
way  by  comparing  the  soundings  which  are  shown  on  this  map,  after  being  reduced 
to  the  same  plane,  from  surveys  made  at  different  dates,  as  follows:  March25to  Ajui! 
4,  1879;  Jannar>'  26  to  2H,  March  5,  9,  and  17,  and  June  29  and  30,  18^0;  or,  better, 
by  comparing  profiles  made  from  soundings  which  will  be  introduced  in  the  details  of 
the  work. 

The  first-named  survey  extended  only  down  to  dike  No.  3.  At  that  time  there  was 
a  hole  below  dike  No.  3,*  70  feet  deep  at  low  stages  of  the  river;  while  below  dike  No. 
2  ft  hole  is  shown  52  feet  deeji.  Both  of  these  had  filled  considerably  befon^  the  opera- 
tions of  this  fiscal  year  commenced,  the  former  to  about  50  feet,  and  the  latter  to 
:{3feet. 

Tiruining-waU. — In  obedience  to  verbal  instructions,  estinuites  of  the  probable  ri)>t 
of  closing  the  gap  in  tin*  training-wall  were  submitted  September  9,  in  which  seven 
different  forms  of  construction  were  compared,  ranging  in  solidity  between  a  solid 
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wall  of  stone  placed  in  riprap  on  a  brush  foundation,  as  shown  in  estimate  No.  1,  to 
a  permeable  structure  made  by  planting  feathers  upon  a  foundation  mattress,  a^  iu 
estimate  No.  7 ;  and  in  probable  cost  between  $100,000  for  the  structure  contemplat<Ml 
in  estimate  No.  1,  to  $17,000  for  that  in  No.  7. 

The  form  proposed  in  estimate  No.  7  was  approved,  and  its  construction  proceedi'«l 
with  in  obedience  to  instructions  received  per  letter,  of  which  the  following  is  a  o<»py  : 

^*  Engineer  Office,  United  States  Army, 

^*  Saint  LouiSf  Mo.,  September  9y  1871*. 

"  Sir  :  Your  letter  of  this  date,  submitting  estimates  of  cost  for  closing  the  gap  in 
the  training-wall  at  Horsetail  Bar,  using  various  forms  of  cousti*uction,  has  been  re- 
ceived. 

**Your  design  numbered  7,  consisting  of  mattress  and  *  feathers,*  promises  goo.  I 
results,  and  is  worthy  of  a  trial.    You  will  please  proceed  with  the  work,  using  that 
form  of  construction,  keeping  careful  notes  of  cost  and  results. 
'*  By  command  of  Colonel  Simpson,  and  in  his  absence. 
*' Verv  respectfully, 

**0.  H.  Ernst, 
"  Captain  of  Engineer i^/' 

The  following  extract  from  the  letter  submitting  the  estimates,  describes  the  e-SM^u- 
tial  features  of  design  numbered  7  to  which  reference  is  made  in  the  foregoing  lett»'r: 

'•ESTIMATE  NO.  7. 

**  For  a  ])«'rmoable  Ktructure,  which  may  be  made  by  planting  a  sufiicicnt  nunilM-r 
of  feathers  on  a  foundation  mattress  to  check  the  current  and  cause  deposits. 

♦*A  feather  may  be  made  by  taking  two  saplings  as  long  as  can  be  obtained  con- 
veniently and  nailing  smaller  saplings  or  brush  to  them  (see  diagram  3  a)  as  clo8<'  to- 
gether as  may  be  j>racticable  throughout  their  entire  length,  and  then  it  may  btj 
planted  on  the  mattress  while  afloat  by  anchoring  it«  butt  end  to  the  bottom  grillagt^ 
and  attaching  its  top  to  a  buoy.  The  buoys  may  be  boxes,  barrels,  or  booms  foniu'il 
of  dry  logs  or  driftwood." 

Other  details  were  given  which  may  be  omitted  here,  as  they  will  be  found  in  the  «i.'- 
scription  of  the  work  actually  done. 

In  acconlance  with  verbal  instructions,  suitable  floating  ways  for  constructing  anil 
launching  mattresses  in  place  were  prepared,  using  for  this  purpose  barge  No.  3,  whicli 
had  become  unserviceable  for  the  transportation  of  heavy  material.  To  p  epare  tli** 
barge  for  the  reception  of  the  ways  it  was  cut  in  halves  after  running  bulkheads  across 
on  either  side  of  the  midship  section,  cutting  the  gunwales  away  to  give  the  proi)er  slop** 
to  the  ways,  and  tirmly  connecting  the  parts  together  as  shown  in  Fig.  1. 

In  Fig.l,  which  is  a  perspective  view  of  the  ways,  illustrating  their  form  of  con- 
struction, A  A  are  parts  of  the  barge  connected  together  by  the  beams  B  B.  The  ways 
a  a  ay  &.,  project  over  the  end  of  the  barge  to  ease  the  mattress  into  the  water,  an«l 
at  the  opposite  end  a  clear  space  was  left  on  the  barge  for  convcuienc^j  in  hauilling 
lines  and  material. 

The  ways  had  an  available  width  of  58  feet,  and  about  the  same  available  leuL^I* 
was  all  tliat  could  be  obtained.  A  platform  was  suspended  from  the  beams  wliuli 
supported  the  ways  ovi*r  the  space  between  the  parts  of  the  barge,  and  a  portion  of 
the  deck  was  left  off* the  barge  so  that  men  could  pass  under  the  mattress  wliih*  <ot«- 
structing  it. 

These  preliminary  preparations  having  been  comnleted,  the  work  of  closing  the  ga]> 
was  begun  at  the  upstream  end  September  27,  ana  was  vigorously  prosecuted  from 
that  date  to  December  15,  when  it  was  suspended  on  account  of  ice  running  in  the 
river.  It  was  resumed  January  12,  and  continued  until  the  close  of  the  flscal  year 
with  a  greater  or  less  force,  according  to  circumstances,  the  force  being  regulated  to 
some  extent  to  suit  the  varying  conditions  of  weather,  stage  of  river,  and  state  of 
available  funds. 

A  permeable  system  of  works  has  been  adhered  to  throughout  the  year.  The  fol- 
lowing forms  of  construction,  however,  have  been  tried  experimentally  :  The  mattrtv^s, 
with  roathers  attached:  the  mattress,  with  curtains;  and,  without  the  mattress,  the 
open  curtain  and  the  closely  woven  curtain.  Each  of  these  presents  novelties  which 
luay  make  a  special  description  interesting. 

Keferriiig  to  the  accompanying  tracings,  Fig.  2  is  a  perspective  view  of  the  form  of 
construction  made  by  attaching  feathers  to  a  foundation  mattress  in  which  A  is  thi^ 
mattress,  E  F  are  feathers  attached  to  it  by  flexible  connections,  c  oand  B  B  ai*e  buoys 
supporting  the  tops  of  the  feathers  at  any  desired  height.  Fig.  3  is  an  end  view  of 
the  same,  and  Fig.  3  a  is  a  cross-section  of  a  feather. 

The  mattress  A  was  constructed  of  a  lower  series  of  poles,  a,  attached  to  the  longi- 
tudinal ties  C  J  above  the  poles  a  longitudinal  poles  6  were  laid ;  above  these  two  tiei-s 
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of  bru8li,  d  and  f,  were  laid,  crosHing  each  other  as  shown ;  and  above  these  a  series  of 
poles,  h.     The  whole  was  bound  together  by  wires  or  small  lines  of  sisal,  roanila,  or 
tarred  rope  passing  through  the  mattress  from  the  upper  to  the  lower  series  of  poles. 
Lines  of  sisal  rope  were,  for  economical  reasons,  more  used  than  the  others,  though  all 
were  used  experimentally. 

The  ties  C  were  used  to  give  tenacity  and  strength  to  the  mattress,  and  to  facili- 
tate the  ea^se  with  which  it  could  be  moved  and  sunk  in  long  sections  or  continuously. 
To  serve  this  purpose  required  that  they  should  have  tenacity  and  strength  sufficient 
to  resist  th(»  force  presentt»d  by  the  different  velocities,  depths,  and  directions  of  cur- 
rents, <lriftwoo<l,  and  other  debris  incident  to  variable  stages  of  the  river,  together 
with  the  weight  of  the  ways  and  a  floating  section  of  mattress.  They  were  usually 
four  in  number,  of  mauila  rope  of  from  4  to  5  inches  in  circumference,  according  to 
the  forces  they  would  probably  have  to  resist. 

Lines  were  also  attached  to  the  mattress  transversely  at  suitable  intervals,  to  bo 
used  in  hauling  it  into  position  and  holding  it  there  while  being  sunk.  These  lines 
were  so  attached  that  they  could  be  removed  aft«r  the  mattress  was  place<l.  This 
was  done  by  weighting  long  sections  of  the  foundation  mattress  with  st<me  keeping 
always  a  short  section  afloat  to  keep  u))  the  continuity.  Although  the  form  of  mat- 
tress herein  described  was  that  most  generally  used,  other  forms,  consisting  some  of  3 
tifers  of  brush,  and  some  of  only  1  tier  were  tried. 

The  feathers  were  attached  at  the  most  convenient  time  after  the  mattress  was  com- 
pleto<l,  rcgartlless  of  the  time  of  launching.  They  were  made  in  place  by  taking  two 
poles  selected  from  the  brush  of  larger  size,  having  a  length  about  equal  to  twice  the 
depth  of  wat-er,  and  nailing  brush  to  them  as  shown  in  Figs.  2,  3,  and  3a.  Their  butt 
enuH  were  attached  to  the  foundation  mattress  by  means  of  small  lines  of  sisal  rope. 
These  lines  were  usually  about  }  inch  in  diameter.  Buoys  made  of  second-hand 
water-tight  barrels  were  attachetl  to  the  tops  of  the  feathers  by  means  of  lines  of 
small  sisal  rope. 

Although  the  feathers  made  and  attached,  as  shown  in  the  accompanying  tracings 
and  described  in  the  preceding  paragraph,  proved  to  be  an  excellent  device  for  the 
purpose  for  which  they  wen^  designed,  and  especially  well  adapted  for  use  in  strong 
crosfl-cuiTents  on  account  of  their  freedom  to  swing  in  the  current  from  being  attached 
to  the  foundation  mattress  at  a  single  point,  as  a  consequence  presenting  a  minimum 
surface  to  the  action  of  the  current,  still  their  construction  proved  to  be  tedious  and 
the  progress  ma<le  was  slower  than  had  been  anticipat-ed. 

£x]>eriuients  were  therefore  made  with  other  devices  for  the  vertical  or  inclinetl 
member  in  order  to  find  some  form  equal  to  feathers  in  efficiency,  which  could  be  oon- 
stracted  more  rapidly  and  at  le-ss  cost.  These  experiments  were  successful  and  led  to 
the  substitution  of  a  desifjjn  which  is  described  in  the  following  extract  from  a  letter 
amending  the  original  design  and  asking  authority  to  make  further  exi»eriments,  whicq 
was  submitted  October  15. 

"  Design  for  a  mattress  to  i>rot4'ct  the  bottom  against  scour,  combined  with  a  permeable 
suspended  component  to  check  the  current  and  cause  deposits  in  the  rear  of  it;  said 
suspended  component  may  be  composed  of  feathers,  weeds  or  curtains,  or  any  combi- 
nation of  them,  and  should  be  attached  to  the  mattress  while  afloat.  The  mattress 
when  sunk  will  form  the  anchorage  for  the  suspended  component.  Feathers  were  do- 
fined  in  the  lettor  t^)  which  this  refers.  Weeds  may  be  the  Brownlow  weed  or  any 
modification  of  it.  Curtain,  as  used  here,  means  a  suspended  mattress,  and  may  be 
made  in  any  of  the  usual  forms  having  any  desired  degree  of  flexibility  and  permea- 
bility, aiMl  either  in  sections  of  any  convenient  length  or  continuous.  An  edge  of  the 
curtain  having  been  attached  to  the  mattress,  the  opposite  edge  is  kept  afloat  by  one 
or  more  buoys.  The  curtain  and  mattress  may  be  constructed  together  by  sinking  one 
side  of  the  mattress  and  buoying  the  other.  In  that  case  flexibility  may  be  obtained 
by  severing  the  mattress  on  the  line  of  division  of  the  sunken  and  suspended  portions 
and  connecting  the  parts  by  ropes,  wires,  or  other  suitable  means. 

**  The  sections  may  be  made  in  two  or  more  sections,  vertically,  inconvenient  lengtlis, 
and  may  be  folded  on  the  mattress  for  convenience  in  making  and  2) lacing  them,  or 
they  may  be  made  to  roll  up  after  the  manner  of  Venetian  blinds. 

"The  mattress  may  be  made  in  sections  of  any  desired  length  or  continuous. 

"This  design  in  some  of  its  forms  is  applicable  to  the  improvement  of  silt-bearing 
streams,  as  dams  in  closing  chutes  or  other  branches  for  the  protection  of  caving  banks 
below  low-water,  for  contracting  channel  widths,  and  for  giving  direction  to  current^*, 
and  it  may  be  used  in  either  shoal  or  deep  water." 

Authority  to  make  further  experiments  having  been  granted,  the  forms  of  construc- 
tion shown  in  Figs.  4,  5,  6,  and  7  were  used  experimentally.  In  Fig.  4  is  shown  a 
perapective  ^'iew  of  mattress  A,  with  curtain  H,  folded  upon  it  on  the  ways  to  illus- 
trate the  mode  of  constructiou.      The  x^urtains  were  usually  constructed,  however, 
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fit'ter  launching  the  mattress.  Fig.  5  is  a  perspective  view  of  the  mattress  and  curtain 
lifter  being  placed. 

In  Fig.  6  an  end  view  is  sliown  of  the  mattress  with  2  forms  cortains  H  and  H'-*,  H 
heing  the  same  as  shown  in  Figs.  4  and  5,  except  that  one  section  la  left  oif.  Fig.  7 
Hhows  an  end  view  of  the  mattress  with  an  edge  supported  at  the  deeired height  to  form 
the  inclined  member.  H  and  H  are  mattresses  made  in  the  usual  form  with  one  or  two 
ti«*rH  of  brush  aa  was  desired  to  suit  the  wants  of  each  case.  They  were  jointed  and 
folded  on  the  foundation  mattress  for  convenience  in  handling  during  construction. 
H-  was  made  by  weaving  brush  on  a  warp  of  wire  or  sisal  ropes.  It  was  rolled  up  on 
the  foundation  mattress  during  construction  and  unrolled  itself  in  placing  it. 

The  forms  shown  in  Yig,  2  to  7,  inclusive,  were  used  prior  to  December  1,  and  in  loca- 
tion from  the  upper  end  of  the  gap  down  streiun  a  distance  about  1,500  feet.  The 
foundation  mattress  was  built  in  two  sections,  one  extending  965  feet  and  the  other 
from  that  to  the  lower  point  to  wliich  this  form  was  used.  A  section  of  mattress  with 
curtains  attached  went  adrift  during  a  storm  November  18,  and  another  section  was 
lost  December  1,  while  being  plac<id.  The  stage  of  the  river  at  that  time  was  unfa- 
vorable for  placing  mattresses  in  long  sections  in  that  part  of  the  training  wall,  the 
bars  on  the  east  side  of  it  being  submerged  while  the  solid  portion  of  the  upper  sec- 
tion of  the  wall  was  above  water,  which  caused  a  strong  current  to  set  eastward  across 
that  part  of  the  wall  under  process  of  construction,  which  combined  with  the  improba- 
bility of  having  continued  favorable  weather  after  the  1st  of  December,  made  it  inex- 
]»edient  to  continue  the  form  of  constniction  that  had  been  used. 

The  construction  of  the  training  wall  was  continued  with  a  light  fonu  of  curtain  in 
<-ompliaucc  with  instrnotions  contained  in  your  letter  dated  December  2,  of  which  the 
following  is  a  copy: 

*'  Ex(jixEKK  Office,  United  States  Army, 

<*  Saint  Louitf  Mo.,  December  2,  1879. 

*'  l^iR :  In  continuing  the  construction  of  the  training  wall  at  Horsetail  Bar,  yon  will 
itlease  use  during  the  remainder  of  the  season  a  simple  open  work  curtain  withoat  the 
jiorizontal  mattress.  This  curtain  is  to  be  anchored  to  the  bottom  by  stones,  the  upper 
hide  buoyed  as  before.  It  will  be  constnicted  of  willow  brush  of  the  size  now  used, 
and  it  will  consist  of  a  single  thickness,  the  pieces  being  placed  12''  apart  from  center 
to  center,  thus  leaving  an  open  sj>ace  between  the  pieces  of  abont  8  inches.  The 
]iieces  will  be  so  placed  that  the^  will  occupy  a  vertical  position  when  anchored.  They 
will  be  bound  together  with  wire  as  verbally  explained  to  you. 

'*  You  are  requested  to  prepare  one  of  the  barges  for  attaching  the  anchors  and  trip- 
ling them  all  together,  as  verbally  explained  to  you.    The  curtains  should  be  made 
in  lengths  as  great  as  practicable  to  sink  at  one  0])eration.    The  limit  will  pi'obably 
be  about  the  length  of  the  anchoring  barge. 
"By  command  of  Colonel  Simpson. 
•*  VVrv  respectfnllv, 

**0.  H.  Ernst, 
^*  Captain  of  Enginetrn, 
**Mr.  D.  M.  Ci'KUiE, 

^* Assistant  Engineer, ^^ 

The  work  was  ooutinue<l  with  a  single  line  of  this  open  curtain  until  interrapted  by 
!<•«*,  December  15,  when  it  had  been  extended  to  the  upper  end  of  the  lower  section  of 
training-wall,  though  not  quite  to  the  portion  above  water. 

The  last  of  these  curtains  was  placetl  De^cember  13,  and  had  their  buoys  cnt  off  soon 
after  by  ice,  which  commenced  running  heavily  two  days  later,  giving  tliem  an  in- 
sufhcient  test. 

The  form  of  construction  described  in  the  foregoing  letter  and  used  ftom  December 
2  to  15,  is  shown  in  perspective  with  anchorage  attached  in  Fig.  8,  in  wliich  K  are  an- 
chors, W  weights  of  stone  attached  to  the  lower  edge  of  the  curtain.  Pending  the 
prei)aration  of  a  barge,  the  curtain  was  constructed  upon  temporary  ways  erected  on 
<me  of  the  barges  by  placing  stage  ])lank  with  one  end  raised  upon  trestles,  which 
served  the  purpose  well,  except  that  the  length  was  limited  to  ftom  25  feet  to  30  feet 
by  the  spaces  between  the  hog-chain  braces. 

The  anchors  K,  shown  in  Fig.  8,  were  made  by  tilling  with  stone  a  leceptacle  pre- 
pared by  taking  three  pieces  of  saplings  about  4  feet  long,  and  placing  toem  in  the 
l>ase  in  the  form  of  an  equilateral  triangle,  with  sides  abont  2  feet  long,  letttng  the 
entls  of  the  saplings  project.  Having  l)ored  holes  through  the  intersections  and  middle 
]>()ints  of  the  sides,  these  hoop  poles  were  bent  and  an  end  of  each  passed  throogh  the 
holes  in  the  middle  points  of  the  sides  and  the  other  ends  passed  through  the  holes 
through  the  opposite  intersection  of  the  saplings,  and  all  were  fastened  in  place  with 
wedges.  Then  wire  or  small  rope  was  woven  on  the  poles,  formin^f  an  open  basket  or 
receptacle,  with  meshes  small  enough  to  hold  stone,  the  bottom  being  ofrongb  boards 
or  saplings.  These  anchors  are  shown  in  horizontal,  vertical,  and  isometrical  projec- 
tions in  Figs.  >*n,  8&,  8f,  respectively.    They  <!Outaiucd  from  000  pounds  to  1,000  pounds 
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of  stone.  They  were  used  tliroiigUont  the  remainder  of  the  year  hut  tlie  manner  of  at- 
taching was  ohangefl  from  that  snown  in  Fig.  8  to  that  shown  in  Fig.  9,  hy  whicrh  the 
weights  attached  directly  to  tlie  lower  edge  of  the  curtain  were  replaced  by  anchors 
attaclied  by  short  linos. 

Instructions  to  n^ume  work  on  the  training-wall  were  receive.il  per  letter,  dated 
January  9.  The  scale  of  operations  couteniplat4)d,  an<l  tin*  form  of  construction  to  he 
UHed  are  shown  in  the  following  extract  from  that  lett<;r: 

'' Engineer  Office,  United  States  Army. 

"Saint  Ij)uh^  Mo.f  January  9,  Itfc^O. 

^*8ir:  As  the  ]»resent  mild  weather  and  open  river  offer  a  favorable  opportunity  to 
completo  the  closing  of  the  East  Channel  at  Horsetail  Bar,  which  was  interrupted  ])y 
ice  in  December,  you  will  please  make  arrangements  to  resume  operations  upon  a  small 
scale  at  that  point. 

^The  metho<l  of  construction  will,  for  the  present,  be  the  same  as  that  last  used,  viz, 
a  light  curtain  of  briLsh,  anchore<l  at  the  bottom  and  buf»y«*(l-at  the  top,  and  made  in 
lengths  as  great  as  practicable. 

••  By  command  ol  Colonel  Simpsim. 
"  Very  respectfully, 

'*0.  H.  Ernst, 
"  Captain  of  h'ngineers. 
"Mr.  I).  M.  CURRIR, 

**AftHi»tant  Engineer." 

AV'ork  was  resumed  January  12,  in  accordance  with  these  instructions. 

The  work  which  had  been  done  during  the  fall  season  liad  stoo<l  the  ice  that  had 
caused  its  suspension  without  sustaining  any  very  serious  damages. 

A  few  buoys  had  be<.»n  cut  from  the  curtains  above  dike  No.  3,  leaving  a  small  gap 
there,  and  the  buoys  ha<l  been  cut  from  the  o\yeTi  curtains  that  were  placed  at  the  lower 
end  of  the  gap  afttjr  December  1.  On  the  remainder  of  the  wall  the  work  was  in  good 
oouditiou. 

The  tirst  work  after  resumption  was  to  repair  the  ilamages  to  the  open  curtains  by 
commencing  at  the  up-stxeam  end  of  the  space,  which  had  been  tilled  withthem,  and 
retillin^  that  space  with  curtains  made  in  the  same  form,  except  that  the  barge  men- 
tioned in  the  letter  date<l  December  2,  having  been  completed  the  length  of  tiie  cur- 
tains, was  increased  to  96  feet. 

After  tilling  this  lower  space  with  cartains,  another  line  of  them  wa^  placed,  com- 
mencing at  the  upper  end  of  the  gap  above  dike  No.  3,  and  extending  to  the  lower 
end  of  the  work,  thus  doubly  covering  the  lower  space  with  open  curtains.  Still  the 
water  ])assed  through  with  too  great  velocity  to  admit  of  much  deposit.  This  was 
remedied,  in  part,  by  reducing  the  spaces  between  the  poles  or  pieces  of  brush,  and 
still  more  by  {>lacing  another  series  of  poles  in  the  spaces  between  the  poles  of  the 
first  series,  attaching  them  by  wires  to  the  lirst. 

The  current  still  passing  through  with  too  great  velocity,  anotlier  form  made  by 
weaving  brush  on  poles  was  used,  in  accordance  with  verbal  instructions.  This  fonn 
had  been  designed  during  the  fall  season,  and  was  submitted  with  the  report  of  opera* 
tions,  for  the  hrst  half  year,  as  a  suitable  device  to  be  used  in  deep  water,  and  in 
lines  of  hurdler  or  transverse  lines.  This  form,  together  with  barge  and  with  anchors 
attached,  is  shown  in  perspective  in  Fig.  9,  in  which  H  is  curtain,  with  Joint  /«. 

The  brush,  or  smaller  polos  6,  are  woven  or  wattled  on  the  larger  poles  a.  The 
anchors  K  are  resting  u^)on  a  ]datform  P,  which  is  hinged  to  the  side  of  the  barge, 
and  is  raised  by  means  ot  chains  n  .attached  to  the  shaft  8,  having  a  winch  at  each  end, 
the  dogs  of  which  are  connect<Ml  by  an  iron  rod,  so  that  both  may  be  tripped  simtilta- 
neoiisly  by  ]mlling  a  lever.  The  joint  h  was  used  chietiy  to  gain  width  for  use  in  deep 
water,  but  it  also  increased  flexibility,  and  that  may  be  the  mor<^  valuable  advantage. 

With  time,  the  buoys  whicli  had  .withstood  the  winter's  ice,  became  unserviceable 
from  various  causes ;  such  as  being  fdled  under  pressure  constantly  applied  during 
long  intervals  of  time,  rotting  o!  lines,  blows  received  from  drift-wood  and  other 
dShris.  so  that  it  became  necessary  to  place  another  line  of  curtains  on  the  whole 
lengtn  of  the  gap.  This  was  done,  commencing  at  the  upper  end  of  the  gap  April  15, 
ana  reaching  the  lower  end  June  2,  after  which  a  small  working  party  kept  the  works 
in  re]^air  until  the  close  of  the  fiscal  year.  The  close  curtain  shown  in  Fig.  9  was 
used  in  this  line,  except  that  the  brush  having  been  procured  without  the  construc- 
tion of  that  form  in  view,  some  of  it  was  too  stiff  to  be  usetl  in  that  way,  and  to 
utUi^e  all  of  the  material  on  hand,  the  use  of  the  wire<l  curtain  was  continued,  making 
tiiem  (dose  by  making  the  meshes  small,  and  by  attaching  an  extra  series  of  poles. 

Of  the  lines  of  hurdles  shown  in  rear  of  the  training  wall  (see  map)  19  were  built 
during  the  fiscal  year.  They  are  those  below  dike  No.  2,  with  the  exception  of  the 
3d  from  that  dike,  which  was  built  before  those  between  it  and  the  dike,  because  the 
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water  there  was  very  deep  at  that  time,  52  feet  having  been  found  in  that  vicinity, 
with  the  river  at  12  feet  stage  on  the  Walnut  street  gauge.  Saint  Louis. 

On  resuming  work  on  hurales  September  17,  of  this  fiscal  year,  this  line  was  found 
to  have  been  somewhat  damaged  and  was  repaired. 

The  order  of  coustructiou  of  the  lines  for  this  fiscal  year  wasNos.  U,  12, 13, 14«  Id,  19, 
completed  during  the  first  half  of  the  year,  while  idles  were  driven  for  lines  Noe.  15, 
16,  17.  Lines  numbered  11,  12,  13,  14  were  broken  during  the  winter  on  the  shoal- 
water,  near  the  edge  of  the  sand-bar.  These  were  repaired,  and  the  lines  below  to 
dike  No.  4  wore  constructed  during  the  second  half  year. 

During  the  high-water  in  April,  lines  Nos.  11  to  23  were  broken  and  were  repaired. 

The  aggregate  length  of  hurdles  constructed  during  the  year  is  32,000  feet,  includ- 
ing the  reconstruction  of  broken  portions  of  lines.  The  dates  at  which  lines  were 
constructed  are  shown  on  the  map  ;  the  first  in  order  of  time  showing  completion  of 
construction,  and  the  others  that  of  repairs. 

Two  forms  of  construction  were  used.  The  first  was  the  same  as  that  used  daring 
the  fiscal  year  ending  June  30, 1879,  in  which  the  horizontal  rods  were  wattled  directly 
upon  thepiles,  and  the  voids  were  filled  with  brush  placed  vertically.  Horizontal 
rods  were  pushed  to  the  bottom  in  water  25  feet  deep,  by  means  of  the  hnidliug  forkH. 
The  other  form  was  made  by  wattling  the  brush  on  poles  selected  from  the  larger 
bnish.  This  form  was  placed  by  attaching  the  upper  edge  to  the  piles  and  weighting 
the  lower  edge  with  stone.  It  was  designed  and  submitted  with  report  of  operatiouH 
for  the  first  half  of  the  fiscal  year,  as  a  suitable  form  of  construction,  to  lie  luied  in 
lieu  of  hurdles,  where  the  depths  of  water  are  so  great  that  horizontal  rods  cannot  be 
pushed  to  the  bottom.  In  Figs.  10  and  10a,  respectively,  are  shown  a  horizontal  rear 
view  and  a  cross-section.  The  advantages  claimed  for  it  were  that  the  spacea  between 
the  piles  could  be  increased  to  from  12  to  15  feet,  and  that  in  water  too  deep  for  piling, 
the  upper  edge  could  be  supported  by  buoys.  More  important  claims  may  be  added, 
that  if  attached  loosely  to  the  piles,  it  will  sink  into  any  scour  that  may  occur,  and 
that  it  will  exert  no  buoyant  effort  to  raise  the  piles  out  of  their  places. 

In  the  accompanying  profiles,  the  dotted  free-hand  lines  show  the  bottom  at  the 
dates  of  the  surveys  made  in  the  spring  of  1879,  from  March  25  to  <il^pril  4,  and  the 
broken  lines  show  the  bottom  from  surveys  of  January  and  March,  IwO.  The  free- 
hand lines  show  the  bottom  at  the  close  of  the  fiscal  year.  The  planes  of  low-wat/cr, 
and  of  15-foot  stage,  or  the  heights  to  which  the  horizontal  rods  of  the  hurdles  were 
extended,  are  shown. 

The  sections  were  made  from  soundings  obtained  from  the  surveys  named,  and  their 
lines  selected  away  from  the  hurdle-n  because  the  average  prbffre«4S  of  the  silting  up  is 
correctly  shown  there,  while  the  hurdles  cause  disturbances  in  their  immediate  vicinity. 

The  following  statement  shows  quantities  and  cost  of  material  expended — 

1.  Training-wall : 

a,  *2.30()  linear  feet  mattress,  with  curtains,  &c.,  expended  con- 
structing and  repairing  1,:V)0  feet  of  wall,  in  which  were  used — 

l,431.t)7  cubic  yards  stone $1,030  60 

1,37.^)  cords  brush 1,111  92 

Labor,  rope,  &(• 5, 352  48 

$7, 49r»  00 

Transportation,  ecpiipment,  tools,  &.c 2, 750  14 

h,  l'S,7tX)  linear  feet  curtain,  expended  constructing  1,000  feet, 
and  re]>airing  2,r)00  feet  of  training- wall,  in  which  were  used — 

H6a«9  cubic  vards  stone 486  94 

■J.3^4.85  cords  brush 1,614  10 

•2;^  piles  driven 80  »> 

Labor,  rope,  wire.  &,c 17, 278  65 

19, 4iiO  04 

Transportation,  equipment,  tools.  Sll' '. 7,44^  24 

2.  Hurdles : 

32,iXh1  linear  feet  constructed,  in  which  were  uschI — 

100  cubic  vards  stone 55  00 

4,697.37  cords  brush 3,508  83 

3,b71  piles  driven 12,824  3rt 

Labor,  varn,  rope,  &c 12, 80tt  38 

»,  196  59 

Transportation,  equipment,  tools,  4&:c 14,060  95 

Engineering,  contingencies.  &v 4,723  43 

Total 85,143  39 
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All  of  the  fonns  of  constrnction  that  were  actually  used  during  the  year  have  been 
described.  BtiU  the  study  of  Home  of  the  practical  diiiicultics  haH  led  to  deaigns  which 
may  prove  valuable  duriuff  the  future  progrei-w  of  the  work  here  or  at  other  places. 
They  an*  submitted  with  tliat  hope,  and  with  the  conviction  that  the  permeable  nya- 
tem  promises  Hucce«H  to  an  extent  which  entitles  it  to  a  full  and  impartial  trial, 
n^^ardless  of  the  specific  form  of  construction  which  may,  in  the  end,  prove  most 
buitabl<\ 

The  loss  of  a  section  of  mattress,  with  curtains  attached,  December  1,  while  it  was 
being  placed  in  doep  water,  having  a  strong  current  crossing  the  line  of  the  wall  at 
an  angle  not  less  than  45  degrees,  vr&s  certainly  not  calculated  to  inspire  confidence 
in  the  practicability  of  placing  continuous  mattresses,  with  curtains  attached,  under 
feiich  conditions.  The  following  solution  of  that  problem  secures  the  practical  advan- 
tages of  continuity  without  incurring  any  great  risk  of  loss. 

The  foundation  mattress  may  be  loaded  to  a  greater  density  than  that  of  water  by 
]>laciiig  stone  or  other  suitable  inaterial  between  the  courses  of  brush  during  the  process 
of  construction,  and  before  laimching  make  rope«  fast  to  it  at  any  greater  distance 
than  the  depth  of  water  from  the  down-stream  end,  and  lay  off  on  the  ropes  a  distance 
equal  to  that  from  the  point  at  which  they  are  made  fast  to  the  down-stream  end  of 
the  mattress.  Having  completed  the  section  of  mats  and  curtains,  launch  and  sink 
in  the  usual  way,  adding  sufficient  weight  to  the  top  course  of  brush  to  secure  the 
whole  in  place.  Commence  constructing  the  next  section  of  mat  at  the  points  marked 
on  the  ropes  attached  to  the  snnken  mat«  so  that  wl^en  the  new  section  is  placed  it 
will  join  that  previously  placed,  securing  the  advantages  due  to  continuity  without 
eucoantering  the  practical  difficulties  that  may  be  expected  in  placing  continuous 
mats  in  strong  transverse  currents  and  deep  water,  with  unfavorable  weather  or  varia- 
ble stages  of  the  river,  with  it-s  drift-wood  or  floating  ice.  In  deep,  turbulent  water,  if 
the  cnrtain  were  continuous  or  jointed  in  all  imaginable  directions,  and  under  such  con- 
<lition8,  it  would  not  be  practicable  to  bring  an  equal  strain  upon  all  the  connections 
with  its  anchorage  or  to  determine  in  advance  the  strain  which  any  of  the  connections 
would  have  to  bear  at  times.  Tlie  problem  would  be  greatly  simplified  by  breaking 
the  continuity  of  the  curtain  in  vertical  section  as  shown  in  Fig.  11,  which  is  an  end 
view  of  the  mattress,  with  curtains  attached. 

Other  practical  difficulties  have  been  encountered,  which  are  chiefly  due  to  the  pe- 
culiar conditions  presented  at  Horsetail  Bar,  which  may  lead  to  an  essential  modifica- 
tion of  the  design  to  adapt  it  to  these  conditions.  These  conditions  arise  from  the 
iatrodnction  of  the  c!ear  water  of  the  Upper  Mississippi  River,  which  maintains  itself 
distinct  from  that  of  the  muddy  Missouri  whenever  higher  stages  prevail  in  that  river, 
rendering  it  only  an  intermittent  silt-bearer. 

No  data  is  available  upon  which  an  estimate  can  be  based  to  determine  approxi- 
mately in  what  portion  of  the  year  such  conditions  might  be  ex])ected  to  exist.  It 
i:*  known,  however,  that  since  these  works  have  been  in  jirogress  such  conditions  have 
prevailed  the  greater  portion  of  the  time.  The  effect  of  this  is  to  lengthen  the  time 
required  to  secure  deposits  and  to  increase  the  possibilities  that  works,  though  suit- 
able for  continuous  silt-bearing  rivers,  may  bo  destroved  or  injured  to  such  an  extent 
as  to  render  them  inefficient  before  they  accomplish  their  work. 

The  forms  of  construction  used  during  the  year  were  designed  to  accomplish  their 
work  in  a  single  season,  and  were  not  prepared  with  a  view  to  have  them  with- 
stand heavy  bu>cks  of  ice  or  drift-wood  running  continually,  nor  is  it  probable  that 
any  economical  design  can  be  found  that  will  resist  these  destructive  agents  indefi- 
nitely. 

The  buoys  are  the  parts  of  these  works  most  liable  to  deMruction  both  on  account 
of  their  ex2>osed  position  while  floating  on  the  surface  and  their  tendency  to  become 
water-logged  when  submerged.  It  is  nut  practicable  to  construct  a  buoy  at  any  eco- 
nomical cost  that  will  withstand  heavy  ice  or  drift-wood,  nor  has  any  satisfactory 
form  of  submerged  buoy  been  discovered,  keeping  economy  of  cost  in  view. 

An  attempt  to  decide  at  this  time  whether  the  conditions  name<l  habitually  exist  at 
Horsetail  Bar  would  be  premature.  A  serieu  of  observations  conducted  through  a  long 
period  of  time  would  be  necessary  to  obtain  the  facts,  and  they,  when  collectwl,  would 
decide  the  question  whether  a  form  of  construction  designed  to  resist  these  destructive 
agents,  or  which  would  be  less  expose<l  to  their  action  even  at  a  small  advance  in  first 
cost,  would  not  be  more  economical  in  the  end. 

The  subject  was  studied  with  a  view  to  prepare  to  mcvX  an  emergency  which  the 
long  continued  clear  water  at  this  locality  suggested  might  arise,  and  tne  results  of 
that  study  are  submitted  with  the  belief  that  whether  or  not  it  should  bect>me  desira- 
ble to  change  the  form  at  Horsetail  Bar,  they  are  suitable  fonns  for  works  wherever 
the  conditions  named  itrevail. 

In  the  following  designs  the  buoys  have  been  dispensed  with,  and  the  veilical  mem- 
bers are  made  self-supporting  by  placing  successive  courses  of  grillages  or  open  net- 
work mats  of  brush,  cane,  or  other  suitable  material  as  shown  in  cross-section.  Fig.  12. 
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In  this  sectiou  the  grillagt'sure  shown  withuut  any  i'onndatiou  mattress,  aiul  this  furiri 
wonld  ht;  rtui table  wherever  there  was  no  ten^Ujncy  to  scour  the  bottom. 

When  HO  nsed  they  conld  be  placed  by  attaching  weights  in  any  suitable  manner; 
for  instance,  several  gi-illages  conld  be  bonnd  ami  a  llooringmade  to  hold  the  weight- 
ing matt^rial  as  shown. 

In  Fig.  13  the  grillages  are  shown  attached  to  a  foundation  mattress  which  starves 
the  double  |Hirpose  of  anchorage  to  the  grillages  and  prot-ection  to  the  bottom.  The 
grillages  are  shown  here  bound  to  each  other  and  to  the  foundation  mattress  by  watt- 
ling the  poles  of  which  they  are  compose<l  on  other  poles  suitably  attached  to  the 
mattn>SH.  This  is  only  intende<l  to  show  one  of  the  many  ways  in  which  the  attiich- 
ment  can  be  made. 

In  Fig.  14  is  shown  a  permeable  screen  through  which  the  water  may  be  made  to 
]ia8s  in  a  finely  divided  state  if  the  grillages  should  be  too  open,  and  the  whole  is 
shown  as  built  upon  two  lines  of  pile^.  This  form  would  be  suitable  wherevi»r  the 
deptlis  are  not  very  great.  The  distances  between  piles  should  be  regulat^^d  to  suit 
the  necessities  of  each  case. 

All  of  the  forms  composed  of  gi'illages  are  especially  suitable  for  the  base  of  works 
or  that  portion  below  the  plane  of  ordinary  low-water. 

The  material  used  in  constructing  any  of  the  forms  should  be  homogeneoos,  or  at; 
legist  should  possess  eciual  lasting  ([ualities  in  the  positions  they  respectively  occupy. 
With  this  in  view  experiments  were  maile  with  hoop-poles  of  white  oak  and  hickory 
woo<ls  as  fastenings  of  curtains  to  their  anchorages  or  joining  sections  of  cnrtabin 
together.  These  experiments  show  conclusively  t-nat  selected  poles,  free  from  knots 
or  other  defects,  would  be  suitable  means  of  attaching  curtains,  feathers,  or  other  de- 
vices to  their  anchorages  joining  sections  of  said  devices,  and  that  pins  or  '^^crubs'^ 
of  the  same  woo4ls  would  be  suitable  means  of  binding  mattresses  or  open  grillages 
together. 

Two  other  important  considerations  shouhl  receive  attention  in  designing  works  to 
improve  silt-bearing  rivers,  by  securing  a  deposit  of  a  portion  of  their  semment.  These 
are  the  degree  of  permeability  and  the  height  that  should  be  given  works  iu  order 
to  secm'e  the  best  results.  The  degree  of  penneability  which  promisee  the  best  result 
is  that  which  permits  the  water  to  pass  through  with  such  small  velocitrr  thAt  vortices 
having  transporting  energy  will  not  be  formed,  and  at  the  same  time  snmcient  to  keej[» 
up  the  circulation  and  convey  away  the  water  which  has  deposited  its  load  of  sedi- 
ment. This  degree  of  penneability  is  indicated  by  an  oily  or  giassT  appearance  of  the 
surface  dowing  smoothly  without  boils  or  whirls.  The  height  that  would  be  mo^t 
effective  would  be  above  the  stages  froiu  which  deposits  are  exiieeted  to  be  obtaiued, 
for  while  the  works  are  submerged  there  is  a  stratum  of  water  above  them  having  a 
free  flow  while  that  below  is  obstrucUMl ;  in  other  words  a  greater  velocity  saper- 
posed  upon  a  less,  whicrh  would  tend  to  form  vortices,  and,  if  the  difference  lietweeu  tlie 
two  velocitieH  is  great,  vortices  may  be  foiTued  having  enei^  sufficient  to  scour  i:i 
the  immediate  vicinity.  This  effect  may  be  seen  well  defined  in  a  thin  sh«)et  of 
water  pouring  over  a  weir.  It  is  difiicult  to  secure  de^iosits  immediately  behind  solitl 
works  which  are  subuierg(5d  only  at  mean  and  hi^h  stages  on  account  of  the  scour 
produced  by  vortices  generated  by  the  water  ]>ouring  over  them.  The  effect  of  per- 
meable works  differs  fixim  that  of  solid  iu  degree  only.  If  the  velocity  conld  b«) 
checke^l  so  that  on  entering  the  lower  pool  it  would  not  differ  greatly  ftom  that  of 
'  the  pool,  vortices  having  scouring  energy  would  not  be  generated  and  aeposits  irouhl 
Wsecui-cd  close  to  the  work  as  well  as  further  away.  In  permeable  works  this  is 
<lone  while  the  works  are  not  submerged. 

Willows  were  ])lanted  on  the  bar  in  rear  of  the  training-wall,  in  complianeo  wit?i 
instructions  iht  letter,  of  wliich  the  following  is  a  copy : 

'*Kx<;iNKKK  Office,  United  Statks  Army, 

'<  Saint  Louis,  Mo,,  Ftbruary  93, 1880. 

"Sin:  With  a  view  to  as<ertaining  the  best  season  and  the  best  level  at  which  t> 
plant  willow  cuttings  upon  the  soil  reclaimed  from  the  river,  you  will  please  mnki) 
some  experinientnl  i)lantation8  at  the  first  of  each  month  during  the  coming  senmK?, 
beginning  on  the  1st  of  March. 

**The  cuttings  used  for  the  purpose  will  be  fresh  cuttings,  3  feet  long  and  of  any 
size,  from  A  to  4  inches  in  diameter,  the  growth  of  last  year,  however,  being  consid- 
ered the  best.  They  will  be  sharpened  at  one  end  and  thrust  Into  the  ground  t4>  a 
depth  of  12  to  18  inches.  They  will  be  planted  in  groni)s  of  10 each,  in  (jnincunx  order, 
the  distance  between  them  being  3  feet. 

*'A  group  will  be  planted  at  the  level  14  feet  above  low-water,  one  at  15  feet  above 
low-water,  one  at  16  feet,  &c.,  uj)  to  ^T)  feet,  making  twelve  groups  each  month.  These 
levels  are  to  be  ascertained  insfrumeutally. 

''The  groups  for  each  month  will  be  arranged  upon  a  straight  line^  at  a  sufficient  dis- 
tance from  the  other  plantings  to  prevent  any  difficulty  in  identifyinK  them.  The 
positions  and  dates  of  the  plantings  will  be  recorded  upon  a  sketch  of  the  ground. 
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"  You  will  please  keep  such  notes  upon  these  plautariouts  as  will  enji]>le  ycxi  to  iiuiko 
a  full  report  upon  the  subject  at  the  end  of  the  season. 
"  By  command  of  Colonel  Simpson. 
"Very  respectfully, 

•'O.  II.  Eknst, 
"Mr.  i).  M.  (JURUIE,  '•  Captain  of  Enfjimen*. 

^^ Assistant  Engineer.'* 

The  groups  were  planted  as  neai'ly  in  accordauce  with  tho  iustnictions,  both  in  time 
and  in  order,  as  was  practical.  They  were  delaye^l  on  account  of  the  rush  of  other 
matters  incident  to  the  work  about  the  first  of  each  month. 

The  contoura  of  the  {j^ound  rendered  it  impracticable  to  maintain  strictly  all  the 
conditions  required  by  the  foregoing  instructions — ^groups  of  10  at  each  foot  of  ele\a- 
tion,  in  quincunx  order  and  in  straight  lines.  The  groups  of  10  could  be  planted  in 
quincunx  order  only  at  elevations  17  and  18  feet  above  low-water,  these  being  the  ele- 
vations of  the  crest  of  the  bar.  The  higher  elevations  were  found  only  on  the  steep 
slope  of  the  bank  at  the  main  shore,  and  the  lower  where  the  bar  slopes  rapidly. 

After  careful  examination,  a  location  was  finally  selected  between  hunlles,  lines 
numbered  11  and  12,  and  a  line  wafi  fixed  by  stakes  40  feet  north  of  and  parallel  with 
line  No.  12,  as  the  center  line  of  the  groups  planted  March  9.  These  wei*e  small  cuttings  in 
groups  of  10  at  each  foot  of  elevation,  from  14  to  25  feet  above  low- water.  Those  planted 
at  elevations  from  18  to  25  feet  were  on  the  slope  of  the  main  shore^  and  extended  50 
feet  from  a  large  stake  set  near  the  e<lge  of  the  bank.  The  other  groups  were  planted 
on  the  bar  between  distances  500  and  560  feet  from  the  stake  mentioned.  With  the 
exceptions  named,  the  cuttings  in  each  group  were  planted  on  the  same  elevation, 
instrumentally  determined. 

The  next  groups  were  planted  April  9,  on  a  line  12  feet  north  of  and  parallel  with 
those  planted  in  March,  and  in  elevation  at  each  foot  between  15  and  25  feet  above 
low-water,  the  plane  of  14  feet  being  submerged  at  that  time.  Three  sets  of  groups 
were  planted  at  this  time,  one  of  small  cuttings  thrust  into  the  ground,  one  of  small 
cuttings  buried. in  trenches  15  inches  deep,  witn  the  tops  turned  up^  and  one  of  pieces 
3  feet  long  by  from  3  to  4  inches  in  diameter,  freshly  cut  and  set  m  holes  14  inches 
deep  bored  with  a  post-auger.    These  groups  cover  a  space  about  36  feet  wide. 

On  the  11th  of  May  three  sets  of  groups  were  planted  as  in  April,  between  eleva- 
tions 18  and  25  feet.     These  are  located  north  of  the  April  plantings. 

The  next  and  last  set  of  groups-were  planted  June  8,  adjoining  those  planted  in 
May  on  the  north  and  at  eacn  foot  of  elevation  between  19  and  25  feet. 

Cn  these  plantations  all  those  planted  in  Mu'ch  lived,  while  of  .those  planted  in 
AfNril  only  the  larger  pieces  and  the  cuttings  planted  below  18  feet  elevation  took 
root.  The  May  and  June  plantations  all  dried  except  a  few  of  the  larger  pieces. 
When  planted,  after  the  rise  of  the  sap  the  larger  pieces  seem  to  prosper  better  for  a 
time  than  the  small  cuttings,  bat  saplings  from  which  these  pieces  were  obtained 
would  live  for  some  time  after  being  cut  if  only  protected  from  the  direct  rays  of  the 
Bun.  Nothing  can  be  positively  asserted  in  relation  to  their  prospects  for  futiue 
growth. 

On  the  map  of  Horsetail  Bar  made  under  your  direction  to  show  progress  of  work 
from  snrveys  made  by  Mr.  Preston  C.  F.  West,  assistant  engineer,  and  to  which  ref- 
«reDoe  has  been  Irequent  in  this  report,  the  locations  of  these  groups  of  willows  may 
be  seen. 

Receivers  of  material,  Mr.  William  S.  Mitchell  and  Mr.  C.  D.  Lamb,  who  were  resi>ect- 
irely  connected  with  the  work  daring  the  first  and  second  halves  or  the  fiscal  year  are 
entitled  to  more  than  a  passing  notice  for  faithful  and  intelligent  service  rendered  in 
keeping  records  of  labor  and  material  expended,  and  assisting  in  the  details  of  the 
administration  of  the  work. 

Very  respectfully,  your  obedient  servant, 

D.  M.  CURRIE, 

Capt.  O.  H.  Ernst,  Assistant  Engineer. 

C(n'ps  of  Engineers,  l\  A'.  A. 


B 

REPORT  OF   MR.    CHARLES  S.   TRUE,  ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  January  12,  1860. 

Gkneral  :  The  following  report  of  work  done  at  Cairo  Protection  and  Kaskaskia 
Protection  during  the  half  year  from  July  1,  to  December  31,  1879,  is  respectfully 
submitted : 

CAIRO  protection. 

Work  in  progress  at  Cairo  Protection  on  the  30th  day  of  June,  1879,  was  continued 
till  October  14,  1879.    The  revetment  |of  the  bank  was  extended  upstream  2,900  feet 
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above  previous  works  by  sinking  rafts  of  brush  out  to  deep  water  and  covering  the 
Bloping  bank  between  these  rafts  and  the  steep  top  banks  with  a  thin  layer  of  stone. 
The  brush  rafts  were  mostly  70  feet  wide,  and  the  protection  of  stone  inside  the  rafts 
was  irregular  in  width  according  to  the  shape  of  the  bank,  but  woold  average  about 
75  feet.  The  height  to  which  the  revetment  was  carried  was  about  to  a  20-foot  stage 
of  water  in  the  Mississippi  River  when  the  Ohio  River  is  low.  or  a  25-foot  stage  when 
the  Ohio  has  a  good  naVigable  depth.  The  protection  begun  during  the  first  half  year 
of  1879  was  raised  to  a  similar  height,  and  some  additions  were  made  to  the  work  of 
former  years  to  repair  weak  places.  Some  work  was  done  to  protect  the  bank  between 
the  S2nir-<likes  placed  by  the  Cairo  Land  Company. 

About  1,000  cubic  yards  of  stone  were  taken  from  the  ont«r  end  of  the  upstream 
8pur;  yet  remaining,  and  placed  on  the  bank  a1>ove  and  between  the  spurs.  Of  thiit 
stone,  291.70  cubic  yards  were  moved  on  a  barge,  and  the  remainder  by  wheelbarrows. 

A  brush  raft  was  sunk  just  below  the  upper  spur,  and  a  curtain  of  brush  was  stretched 
between  the  3d  and  4th  spurs  to  break  the  current  of  the  eddy  and  induce  deposit. 
This  curtain  was  secured  at  the  surface  of  the  wat^r  by  a  boom  of  dry  logs,  and  tht^ 
free  edge  of  the  curtain  was  weighted  with  stone  to  carry  it  to  the  bottom. 

The  quantities  of  material  used  on  the  protection  during  the  half  year,  ijicluding 
314.20  cords  of  brush  on  barges,  July  1,  but  not  including  stone  taken  from  the  spur- 
dikes,  were:  on  continuation  of  protection  begun  in  1879,  1,819.10  cords  biush,  Id^lOr) 
«ubic  yards  stone,  and  on  repairs  of  revetment  of  former  years,  116.40  cords  brush, 
540.90  cubic  yards  stone. 

The  brush  used  was  cut  by  hired  labor  on  tow-heads  in  the  Mississippi  River,  and 
the  stone  was  quarried  by  hired  labor  at  leased  quarries  at  Gray's  Point,  Mo. 

The  transportation  of  material  was  by  barges  and  tow-boat,  owneil  and  operated  by 
the  government. 

The  new  protection  placed  during  the  year  1879  covered  a  front  of  7,600  feet.  Th» 
was  rather  light,  and  will  need  additions  and  repairs  when  the  river  diows  itn 
weak  places.  The  revetment  will  need  to  be  raised  some  when  the  top  bank  is  sloped 
enough  to  carry  stone  with  safety.  The  total  length  of  banks  at  Cairo  F^tection,  on 
which  work  has  been  done,  including  the  stone  placed  by  the  Cairo  Land  Company, 
is  14,200  feet.  The  river  is  attacking  the  banks  below  this  work,  and  the  protection 
may  need  to  be  extended  some  in  both  directions.  The  condition  of  the  work  when 
last  examined  was  good. 

T^o  bad  piles  or  stone,  formed  by  the  river  washing  the  bank  back  from  the  two 
upstream  spur-dikes  placed  by  the  Cairo  Land  Company,  endanger  navigation  dur- 
ing low- water.  In  the  early  part  of  October  the  water  over  these  stones  was  bat  two 
feet  deep.  At  that  time  the  width  of  channel  between  the  upstream  pile  and  the 
Illinois  shore  was  545  foet,  and  between  the  downstream  pile  and  the  shore  3%  fleet. 
A  new  shore  line  was  run  and  stakes  set  each  100  feet  to  refer  work  to.  The  line  be- 
gins at  a  stone  sot  70i)  feet  downstream,  from  the  lower  end  of  the  revetment,  and 
runs  upstream.  It  was  connected  with  points  marked  A  12  and  A 14,  of  Lieotenant 
Lockwood's  survey,  and  with  the  street  system  of  Cairo.  A  section  of  the  Mississippi 
River,  taken  September  25,  520  feet  up  stream  from  O  point  of  shore  line,  showed  the 
river  at  that  place  to  bt'  but  743  feet  in  width.  Nearer  the  mouth  of  the  Ohio,  and  Just 
below  the  incline  of  tht'  C.  A.  and  T.  Railroad,  was  a  narrower  part  of  the  river,  but  the 
width  was  not  measured.  .  The  whole  volume  of  the  Mississippi  passed  in  one  channel 
At  both  pointH.  Changes  in  the  slope  of  the  Mississippi  River,  near  the  month  of  the 
Ohio,  were  shown  by  levelH  taken  St^ptember  6  and  September  25.  The  Ohio  at  the 
United  States  gauge  in  front  of  Cairo  fell  1^.5  feet  during  the  time,  while  the  Missis- 
sippi back  of  Cairo,  at  the  line  of  Twenty-eighth  street,  fell  but  «3.93  feet — a  difference 
of  4.57  feet. 

The  shoalest  water  during  tho  si^ason  between  C&pe  Girardeau  and  Cairo  was  near 
Power's  Island,  where  the  t\\vt  was  divided  into  four  channels  by  Santa  F^  Island, 
Beaver  Dam,  Towliead  and  Power's  Island.  At  one  time  in  September  the  greatest 
navigable  dc]>th  was  4^  feet. 

To  illustrate  some  dc^tails  of  work  done  during  the  half  year«  I  will  state  that  the 
raft-s  sunk  along  the  middle  of  Cairo  Bond,  when  out  of  deep  water,  left  a  wide  slope 
t<}  be  covered  with  stone ;  for  this  reason  the  width  of  the  rafts  was  increased  to  70 
feet.  The  upstream  part  of  tht^  revetment  placed  has  rafts  of  this  width  for  a  length 
of  2.125  f(M't.  The  quantities  of  material  jdacedon  this  part  of  the  bank  were  1,570.90 
coras  bnisli,  6,344.70  cubic  yards  stone,  which  gives  about  0.74  cords  brusli  and  3.99 
cubic  yards  stone  per  linear  foot  of  bank. 

On  the  bank  next  below  this  upper  w^ction  2,351.30  cords  brush,  15,931.80  cubic 
yards  stonr,  were  placed  in  5,475  linear  feet  of  revetment,  which  gives  about  0.4II 
conls  brush  and  2.91  cubic  yards  stone  per  linear  foot  of  bank.  Acting  on  some  ideas 
partly  gaint-d  from  a  conversation  early  in  July  with  Principal  Civil  Assistant  En- 
ginfH^r  R.  E.  McMath,  and  from  whom  I  understood  such  a  course  would  he  Upproved, 
I  us<id  earth  for  the  chief  weight  for  sinking  rafts.  To  hold  the  earth  the  ruts  had 
to  be  niadf  closer  than  large  willows  such  as  we  had  been  using  would  make  them ; 
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for  this  roasuin  the  middle  course  of  the  new  rafts  was  made  of  weeds  and  small  wil- 
lows. The  rafts  were  loaded  as  nearly  uniformly  as  practicable  with  earth  taken 
from  the  hank ;  then  a  few  st^ne  were  placed  on  them  to  complete  the  sinking.  The 
experiment  was  tried  on  some  rafts  of  loading  entirely  with  earth.  When  the  raft« 
were  a  few  feet  below  the  water's  snrface  the  strong  current  over  them  washed  much 
of  the  earth  from  them,  so  that  the  expense  of  extra  labor  required  to  completely 
sink  the  rafts  with  earth  was  greater  than  the  cost  of  stone  necessary  for  the  final 
weight  to  bt'  usfd  aft-er  the  raft  passed  below  the  surface  would  have  been.  A  small 
quantity  of  stone  was  juit  on  each  raft  after  it  was  sunk,  to  help  keep  it  in  position 
and  to  make  the  C/onnection  of  the  raft  with  the  riprap  certain. 

The  method  used  for  sinking  brnsh  rafts  with  earth  can  be  employed  advantageously 
when  the  current  is  not  more  than  2  miles  per  hour,  but  in  a  strong  current  it  will  be 
economical  to  put  the  earth  required  for  the  last  weights  to  sink  the  brush  in  some 
envelope  to  give  it  the  necessary  firmness  to  resist  the  washing  of  the  water. 

In  localities  where,  for  any  reason,  stone  cannot  be  readily  obtained,  earth,  sand, 
or  mnd  can  be  used  as  weights  for  sinking  any  other  material,  or  for  anchors  to  hold 
any  structure  or  device  used  for  the  improvement  of  the  river.  I  think,  however, 
that  on  the  Mississippi  River  above  Cairo,  when  brush  is  to  be  sunk  in  a  deep,  strong 
current,  it  will  be,  generally,  more  economical  to  use  stone  for  weights.  The  u*«e  of 
stone  rather  than  earth,  as  a  sinking  material,  will  be  economical  in  some  cases  in 
comparatively  slack  water  which  is  readily  accessible  to  steamboats  and  barges ;  as 
brush  to  be  sunk  by  stone  can  be  used  in  thin  open  mats  while,  when  earth  is  to  be 
used  it  must  be  put  in  some  envelope,  or  the  mats  must  be  thick  and  close  enough  to 
hold  a  large  per  cent,  of  the  earth  or  sediment  brought  in  contact  with  it. 

Such  a  thing  as  a  simple,  direct  current  does  not  exist  in  a  great  river,  and  any  ol)- 
struction  placed  in  the  current  adds  new  complications  to  the  direction  of  the  forces 
of  the  water.  In  sinking  rafts  or  mats  it  is  important  that  the  anchorage  be  located 
so  as  to  help  carry  the  rafts  to  the  bottom,  and  at  the  same  time  prevent  their  being 
twisted  by  the  currents.  On  our  shore  work  a  combination  of  surface  and  bottom 
aochorage  gave  the  best  results  as  to  direction  of  strains. 

The  surface  anchorage  us«m1  was  a  nnml)er  of  linos  from  barges  moored  upstream 
from  the  raft,  and  side  line*  from  the  shore  to  prevent  the  raft  swinging  out  too  far. 

The  bottom  anchora<ije  was  by  lines  from  the  head  of  the  raft  to  anchors  placed  in 
the  river  above  the  raft.     Two  such  lines  were  usually  sufficient. 

At  Kaskaskia,  the  raft^  already  sunk  were  used  for  the  bottom  anchorage  with  good 
success.  This  was  suggested  by  the  method  used  by  Assistant  Engineer  D.  M.  Currie 
for  anchoring  hinged  mats  and  curtains  at  Horse-tail  Bar.  Bottom  anchor  lines  had 
little  eftect  till  the  raft  began  to  sink  when  they  were  brought  into  use  by  slacking  the 
sorface  lines  so  as  to  kee]>  an  even  but  not  severe  strain  on  them.  The  bottom  lines 
were  gauged  in  length  to  regulate  the  connection  between  the  rafts  sunk,  and  some 
of  the  lines  were  arranged  with  an  outward  strain  to  prevent  the  raft  swinging  to- 
wards the  shore  while  sinking.  With  long  rafts  additional  lines  towards  the  middle 
and  foot  of  the  rafts  to  help  hold  and  guide  them  were  found  beneficial.  Long  rafts  are 
Bot  always  economical  where  the  current  is  strong.  More  time  is  required  for  their 
tioustruction,  and  they  arc  more  liable  to  accidents  from  drift-wood,  storms,  boats, 
and  other  causes,  than  short  rafts.  Long  rafts  are  harder  to  hold  than  short  ones,  and 
from  the  tendency  t(»  neglect  the  even  distribution  of  loading  material,  and  the  greater 
difficulty  of  rapid  and  even  application  of  final  sinking  weights,  they  are  more  liable 
to  be  badly  sunk. 

On  shore  work  where  the  inner  edges  of  rafts  were  siuik  in  water  varying  from  10 
to  35  feet  in  depth,  and  the  outer  edges  in  depths  of  25  to  43  feet,  the  rafts  being 
weighted  with  stone  from  barges  165  feet  long,  the- most  satisfactory  length  for  rafts 
was  from  175  to  225  feet.     The  most  usual  length  was  about  200  feet. 

Shore  or  floating  ways  to  build  brush  protections  on  are  economical  in  many  places, 
as  the  brush  can  be  formed  into  thin  mats  or  screens  on  them,  while  rafted  brush 
must  have  thickness  and  buoyancy  enough  to  carry  workmen. 

KASKASKIA  PROTECTION. 

Work  at  protecting  Kaskaskia  Bend  was  carried  on  during  the  first  nineteen  days 
of  July.  The  work  done  consisted  of  making  340  linear  feet  of  brush  rafts  and  sink- 
ing them  at  the  foot  of  the  bank ;  and  of  placing  stone  riprap  on  the  slope  of  the 
bank  from  a  height  of  22  to  25  feet  above  low-water  downward  below  low  water  level. 
The  protection  was  extended  1,100  feet  beyond  former  work. 

Work  was  suspended  from  July  19  to  September  22,  when  it  was  resumed. 

The  work  done  in  September,  October  and  November  consisted  of  making  brush 
rafiB,  50  feet  in  width,  and  sinking  them  at  the  foot  of  the  slope  outside  of  the  revet- 
ment on  the  bank.  The  outer  edges  of  the  rafts  were  sunk  in  water  varying  from  25 
foet  in  depth  near  the  head  of  the  bend  to  43  feet  about  2^000  feet  farther  down  stream, 
when  the  stage  of  water  was  from  8  to  10  feet  on  the  Saint  Louis  gauge.    The  length 
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of  bank  alonjjj  which  raft«  were  sunk  wa«  3,305  feet,  A  length  of  2,915  feet  was  at 
the  npstream  end  of  the  protection  to  revet  the  foot  of  the  bank  in  front  of  from  station 
1-1-75  to  :i04-9()  of  the  now  Hhore  line. 

Jnst  below  the  work  of  1876  and  in  front  of  station  34+50  to  364-90  of  new  shore 
line,  ii40  feet  of  raft  was  sunk  close  to  the  bank,  to  protect  the  bottom  of  the  eddy  in 
the  cove  and  stop  a  cut  in  the  bank  below.  At  the  lower  end  of  all  stone  work  a  raft  150 
ft'ct  lon^:  was  snnk  to  stop  cntting  of  the  eddy  below  the  stone.  This  raft  was  close 
1()  thti  bank  and  in  front  of  station  60  to  61-{-50  of  new  shore  line. 

Earth  was  used  to  help  sink  some  of  the  rafts.  Stone  nsed  for  sinking  rafts  was 
tiiken  from  the  n?vetniont  already  on  the  bank.  Two  barge  loa<ls  of  new  stone  wei*e 
a<lde<l  to  the  pn»tection  at  the  ni>streani  end  of  the  bend. 

The  quantities  of  new  material  placed  on  the  protectitm  were  as  follows:  In  July 
;i*20.86  cords  brush  and  7,350.93  cubic  yards  stone ;  and  in  September,  October,  anil 
K<»veinber  2,100.20  cords  brush  and  519.60  cubic  yards  stone. 

The  changes  made  in  position  of  material  already  on  the  bank  consisted  of  pickings;  up 
1.474  cubic  yards  stone  where  the  revetment  above  water  was  heaviest,  loading  it  on 
barges,  and  unloading  it  on  the  sloj^o  of  the  bank,  where  the  former  protection  haidsunk 
below  the  surface  of  the  water. 

The  total  length  of  bank  on  which  work  has  been  done  at  Kaskaskia  Bend  is  5,975 
feet.  Tlie  ui)-stream  part  c»f  the  bend  for  the  length  of  2,500  feet  is  partially  protected 
to  a  height  of  10  feet  above  low- water,  and  the  bank  down -stream  from  this  for  a  length 
of  3,325  feet,  as  rei>ort(Hl  by  Mr.  McDonald,  to  a  height  of  22  to  25 feet  above  low- water. 
The  downstream  l.'^O  feet  has  a  single  brush  raft  5?  feet  in  width  reac^hing  up  to  low- 
water  level. 

The  condition  of  the  work  at  Kaskaskia  cannot  be  called  good. 

The  bank  is  too  ste(ip  to  can\v  stone  safely,  which  gives  the  stone  a  greater  tendency 
to  slide  forward  into  deep  water  than  to  settle  down  vertically.  The  bank  slides  some 
at  the  base  along  the  u]>-streani  end  of  the  work,  and  washes  above  the  stone  when 
the  water  is  above  the  revetment.  The  bank  nee<ls  additional  protection  and  some 
grading  to  give  it  a  i)roper  slop«».  As  the  sand  washes  too  fast  to  trust  the  grading  to 
the  river,  the  in(»st  convenient  way  to  do  that  work  will  probably  be  the  one  propoee<l 
by  Captain  Ernst,  to  wash  the  bank  <lown  by  large  pumps. 

After  the  bank  is  gra<led  the  inclined  surface  can  be  protected  for  a  time  by  thin 
brush-mats  fastened  to  the  ground  beneath  the  mats. 

Some  additional  stone  will  be  useful  to  make  a  good  connection  between  stone  al- 
ready on  the  bank  and  any  new  protection  that  may  be  placed  above  it.  There  is  now 
fpiit-e  a  body  of  stone  at  the  foot  of  the  bank,  along  the  up-stream  part  of  the  bend, 
and  if  the  bank  above  water  is  graded  flat  enough,  say  to  25"^  or  30°  rise  from  a  hori- 
zontal plane,  stone  will  probably  lie  on  the  bank  and  can  be  usetl  to  form  the  upper 
protection,  if  deemed  a<lvisable  to  use  it. 

The  auxiliary'  brush-mats  you  have  adopted  for  the  foot  of  the  slope,  beneath  the 
water,  are  re<iuire<l  for  an  additional  length  of  3,060  feet  from  in  front  of  station 
30  -f-  90  of  shore  line  down  stream  to  the  lower  end  of  the  protection. 

The  protection  will  need  be  extended  down  stream  a  few  hundred  feet  to  prevent  a 
wash  across  a  low  neek  of  lan<l  to  the  Kaskaskia  River. 

The  shore  line  run  in  187d  was  partly  washe<i  into  the  river.  A  new  line  was  nm 
and  stakes  set  100  feet  apart  to  refer  work  to. 

The  up-stream,  or  O,  end  of  the  line  is  at  a  set  stone  at  the  head  of  the  bend,  and 
175  feet  up-stream  from  the  jiresent  revetment.  A  stone  set  at  station  25  is  the  same 
as  station  18  of  line  of  1878.  Stones  were  set  at  points  of  survey  of  March,  1876,  at 
point  near  bend  of  Kaskaskia  River,  2  feet  from  forked  pecan  tree,  and  at  point  near 
Strue's  house,  6  i\'ct  from  locust. 

Charles  S.  True, 

J  distant  Engineer, 

(General  J.  H.  Simi»son', 

Corps  of  IJ»fjineerH,  ['.  f>.  A. 


P   2. 

ICi:  HARHOK  AT  J<AI\T  LOllS.  MISSOURI. 

The  river  and  harbor  act  of  June  14,  1880,  eoiitains  the  following 
items,  viz : 

For  ice  harbor  at  Saint  Loui**,  Mo.,  lifty  thousand  dollars:  Proridedy  That  no  part  of 
this  sum  shall  be  expended  until  a  Board  of  Engineers  shall  have  been  convened  and  4©- 
termined  upon  a  plan  for  the  construction  of  the  work. 
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The  most  suitable  place  for  such  a  harbor  in  this  vicinity  is  the  chute 
<.*ast  of  Arsenal  Island,  or  Gahokia  Chute. 

This  was  formerly  the  main  channel  of  the  Mississippi,  but  was  closed 
to  na\igation  by  a  low  dam  constructed  in  1877-'78.  It  is  that  portion 
of  the  chute  below  the  dam  which  it  is  proi)osed  to  convert  into  an  ice 
harbor. 

There  has  been  no  opportunity,  as  yet,  to  determine  upon  a  completed 
l)rqject,  but  enough  is  known  of  the  locality  and  the  necessities  of  the 
<'ase  to  Justify  the  assertion  tliat  the  sum  asked  for,  $100,000,  is  less 
than  will  be  required  to  complete  the  work. 

Money  statement, 

Amount  appropriated  l>y  act  approved  June  14,  188(). ••••••• $r>0,  (H>0  OH 

July  1,  1880,  amount  availalde 50,000  M 

Ambuut  that  can  be  profitably  expended  in  fiscal  yoarending  June  tiO,  1882. .  100, 000  00 


P  3. 

IMPROVEMENT  OF  MISSISSIPPI  RIVER  AT  OR  NEAR  CAPE  GIRARDEAU 

AND  MINTON'S  POINT,  MIIS80URI. 

The  river  and  harbor  act  of  June  14,  1880,  contains  an  item  appro- 
priating $20,000  for  'improving  Mississippi  River  at  or  near  Cape 
•Girardeau  and  Minton's  Point,  Missouri." 

A  survey  of  the  locality  will  be  undertaken  as  soon  as  the  river  falls 
to  a  suitable  stage,  with  a  view  to  preparing  a  plan  of  the  works  required 
iand  an  estimate  of  their  cost.  Sufficient  is  known  of  the  case  to  justify 
asking  for  $50,000  for  next  year,  to  continue  the  improvement.  The 
sum  now  available  is  not  sufficient  to  exert  any  beneficial  effect  upon  the 
landing  at  Cape  Girardeau  except  by  dredging.  Dredging  in  this  part 
of  the  Mississippi  is  an  expensive  way  of  procuring  an  inefficient  and 
temporary  relief,  and  cannot  be  recommended.  It  is  supposed  that 
permanent  relief  is  what  is  desired,  and  it  is  proposed  to  employ  the 
money  available  in  beginning  the  works  necessary  for  that  purpose  with 
the  expectation  that  the  additional  funds  required  will  be  provided  in 
the  future. 

Money  statement, 

^nwnnt  approi)riated  b v  act  approved  June  14,  18i?0 $20, 000 

•^^ilyl,  1880,  amoimt  available 20,000 

•Aonount  that  cau  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.    50, 000 


P  4. 

IMPKOVKMKNT  OF  OSAGE  KIVER  IN  MISSOLKI  AND  KANSAS. 

The  river  and  harbor  act  of  March  3,  1879,  appropriated  $20,000  for 
'^Hia  work,  which  was  employed  in  continuing  the  method  of  improve- 
ment followed  during  pre\ious  years.    The  latter  consists  of  contract- 
^g  the  w:idth  of  the  river  at  certain  shoals  by  means  of  cross-dams  and 
vjoning- walls,  dredging  the  channel  by  means  of  teams  and  scrapers,  and 
^  removal  of  rocks  and  snags  from  the  channel  and  of  leaning  timber 
"itMn  the  banks,  the  object  being  to  obtain  a  2-foot  channel  at  the  lowest 
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stages  of  the  river.    All  the  works  were  carried  on  by  hired  labor  and 
purchase  of  material  in  open  market. 

iMOORE'S  FLAT«. 

(40  luiles  from  the  moiitb.) 

Wo^k  was  begun  at  Moore's  Flats  on  the  10th  of  July.  The  dam  built 
last  was  strengthened  by  being  loa<led  with  stone,  and  the  training  wall 
was  repaired  and  extended  upstream  a  distance  of  200  feet.  Sixteen  snags 
were  removed  from  the  channel  at  the  lower  end  of  the  shoal.  Later  in 
the  season  the  training  wall  was  extended  900  feet  farther  upstream, 
contracting  the  channel  to  a  width  of  80  feet. 

The  total  length  of  the  training  wall  is  now  1,750  feet,  of  which  1,100 
feet  was  built  this  year.  It  was  constructed  of  riprap  on  a  brush  foun- 
dation. 

The  locality  is  shown  in  the  adjoining  sketch,  in  which  the  works  are 
indicated  by  the  heavy  full  lines.  The  upstream  i>ortion,  from  A  to  B, 
was  built  this  year. 

HOSKINS',   OR  LITTLE   TAYERN  SHOALS. 

(4itJ  miles  from  tin*  mouth.) 

This  locality  is  shown  in  the  adjoining  sketch.  The  river  was  divided 
into  three  chutes  by  Hoskins'  Island,  and  a  smaller  island  to  the  west- 
ward. The  chute  between  the  latter  island  and  the  main  shore  had  been 
closed  in  former  years  by  an  old  State  dam,  extending  from  atob.  It 
was  decided  to  extend  this  dam  across  the  small  island,  and  then 
changing  its  direction  to  push  it  across  the  stream  and  connect  it  with  a 
training  wall,  c  (?,  thus  contracting  the  channel  to  a  width  of  89  feet  (see 
sketch).  A  dam  743  feet  long  and  a  training  wall  430  feet  long  were  con- 
structed of  riprap  on  a  brush  foundation.  Forty  snags  were  removed 
from  the  chaunol. 

REYNOLDS'  SIIOAL. 

(4^4  i"ilt*«  from  the  mouth.) 

The  work  at  this  shoal  consisted  of  the  removal  by  blasting  of  some 
rocks  from  the  channel,  amounting  in  all  to  about  300  cubic  yards ;  of 
cutting  from  the  bank  eighty-eight  overhanging  trees,  and  of  removing 
forty  snags  from  the  channel.  The  dam  at  Hoskins'  Shoal.  2  mUe« 
below  this,  serves  to  increase  the  depth  of  water  on  this  shoal,  so  that 
there  is  now  a  depth  of  2  feet  or  more  at  the  lowest  stages. 

KIRKMAN'S    SHOAL. 

(47|  miles  from  tho  mouth.) 

This  locality  is  shown  upon  the  adjoining  sketch.  Several  dikes«  a  by 
€  d,  efj  hi\d  been  built  in  former  years  by  the  State  of  Missouri,  bat  the 
shoal  remained  one  of  the  worst  upon  this  portion  of  the  river.  The 
plan  adopted  for  improving  it  was  to  build  a  dam,  g  hj  from  tbe  righ:; 
bank  out  into  the  river,  a  distance  of  250  feet,  connecting  it  with  a  train- 
ing wall,  ikj  1,320  feet  long.  The  peculiar  shape  of  the  opposite  bank 
made  it  necessary  to  supplement  the  latter  by  a  second  training  wall,//, 
eSO  feet  long. 
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For  this  wall  the  State  dam  was  used  as  a  fonudatiou  for  a  length  of 
iiO  feet.  All  these  works  were  built  of  riprap  upon  a  foundation  of 
brush.  At  the  foot  of  the  artificial  chute  thus  formed  a  channel  was 
il'redged  out,  the  quantity  of  material  removed  Ix^ing  840  cubic  yards. 

devil's  eluow. 

(49  miles  from  the  mouth.) 

This  was  a  narrow  chute  which  was  difficult  to  navigate  on  account 
of  the  rapidity  of  the  current  and  the  crookedness  of  the  channel,  which 
was  partly  obstructed  by  snags  and  overhanging  trees.  Fourteen  snags 
were  taken  from  the  channel  and  eighty-five  trees  cut  from  the  banks. 
The  dam  at  Kirkman's  Shoal,  IJ  miles  below,  has  backed  the  water  u|) 
to  this  shoal,  deei)ening  it  somewhat  and  diminishing  the  velocity  of 
the  current. 

pack's  shoal. 

(50  miles  from  the  montli.) 

The  work  at  this  place  consisted  of  dredging  a  channel  350  feet  long 
and  75  feet  wide,  involving  the  removal  of  455  cubic  yards  of  gravel. 

The  work  at  Kirkman's  and  Pack's  Shoals  was  finished  October  14. 

Tliere  being  some-  repairs  and  extensions  required  upon  the  works 
previously  constructed  Which  would  occupy  the  forc^  duriiig  the  remain- 
der of  the  working  season,  it  was  not  deemed  advisable  to  begin  any 
work  above  those  points.  Tlie  force  was  accordingly  ordered  back  to 
Moore's  Flats,  where  the  training  wall  was  extended  as  above  reported. 
On  the  way  down  an  obstruction  to  navigation  was  found  to  exist  in 

CLARK'S   ISLAND   SHOAL. 

(41 J  mih'S  from  the  iiumth.) 

A  channel  80  feet  wide  and  400  feet  long  was  dredged  through  this 
«hoal,  involving  the  removal  of  782  cubic  yards  of  gravel. 

bird's  shoal. 

(21|  miles  from  the  mouth.) 

A  steamboat  had  grounded  at  the  head  of  this  shoal  in  August,  and 
iu  getting  her  oft*  the  gravel  hiul  become  so  flattened  out  as  to  leave  but 
about  0  inches  depth  of  water  in  the  channel.  Temporary  relief  was 
given  at  the  time  by  dredging.  It  was  decided  to  diminish  the  chances 
of  accidents  of  that  kind  by  further  conti-acting  the  width  of  the  chute. 
The  locality"  is  shown  in  the  adjoining  sketch. 

The  full  lieaA^^  lines  a  be  show  the  old  work.  A  dam,  d  e,  195  feet  long, 
was  run  out  from  the  left  bank  and  connected  with  a  training  wall,  g  /I, 
Xiarallel  to  the  old  training  wall,  and  90  feet  from  it. 

The  new  tmining  wall  had  been  built  to  a  length  of  450  feet  when  the 
approach  of  winter  rendered  it  imprudent  to  keep  the  equipment  any 
longer  so  far  from  its  winter  quarters,  and  the  work  was  accordingly 
suspended.  It  is  [)roposed  to  extend  it  about  COO  feet  during  the  com- 
ing year. 

These  works  were  built  of  riprap  upon  a  foundation  of  brush. 

During  the  month  of  January  the  recently  constructed  dam  was  bioken 

88  £ 
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at  its  shore  end,  and  a  considerable  cuiTent  passeil  through  forming  a 
bar  at  the  foot  of  the  chute,  and  endangering  the  dam.  A  force  was  set 
at  work  as  soon  as  practicable  to  repair  the  damage.  The  break,  82  feet 
in  length,  was  repaired  and  the  bank  was  graded  and  revetted  above 
and  below  the  dam  for  a  length  of  206  feet,  the  whole  being  eompleteil 
on  the  9th  of  February. 

SHIPLEY'S  SHOAL. 
(l)  inih'S  fioiu  the  luoiitli. ) 

A  fi^rther  extension  of  the  training  wall  at  this  shoal  had  become  nec- 
essary. The  improvement  of  this  locality  is  more  temporaiy  than  at  the 
other  shoals  because  of  the  backwater  from  the  Missouri  River.  This 
meeting  the  barrier  formed  by  Shipley's  Shosil  drops  the  sediment  which 
it  carries  and  builds  up  a  new  bar  at  the  foot  of  the  chute  with  much 
more  rapidity  that  the  Osage  itself  could  do  with  its  gravel.  The 
remedy  for  this  has  been  for  the  last  two  seasons  to  extend  the  training 
wall  downstream  until  the  foot  of  it  reached  a  point  where  the  water 
was  from  3  to  5  feet  in  depth.  During  a  part  of  the  months  of  Novem- 
ber and  December  the  wall  was  extended  a  length  of  1,050  feet.  On  the 
18th  of  December  the  weather  became  very  cold,  causing  ice  to  form, 
and  it  was  not  considered  safe  to  k(?ep  the  steamer  and  barges  any  longer 
at  work.  During  the  winter  a  break  82  feet  long  and  from  9  to  15  deej* 
occurred  in  the  ta-oss-dam  at  the  shore  end.  Work  was  resumexl  on  the 
9th  of  March.  The  breat^h  in  the  dam  was  repaired,  the  bank  was  revet- 
t^  for  a  length  of  50  feet  above  and  120  feet  below  the  dam,  and  some 
weak  portions  of  the  dam  were  stren  gthened.  Work  upon  the  training  wall 
was  then  resumed  and  continued  until  the  10th  of  April,  when  the  river 
became  so  high  that  it  was  necessary  to  again  sus])end  oi)erationR.  The 
wall  had  l>een  extended  375  feet,  making  a  totiil  extension  for  the  year 
of  1,425  fd^et.  It  has  now  reac^hed  a  long  flat  bar  known  as  Brennecke's 
fSlioal.  It  is  ])roposed  to  extend  it  across  this  shoal  during  tlie  coming 
year,  which  will  recpiire  an  addition  of  2,iKK)  feet.  This  will  cany  it  into 
water  about  8  feet  deep. 

The  adjoining  sketch  shows  the  position  of  the  works  already  executetl 
an<l  that  of  the  propos^nl  extension,  the  latter  being  indicated  by  a 
broken  and  dotted  line.  There  is  now  a  2-foot  (^haiuiel  at  the  lowest 
stage  from  tin*  mouth  of  the  river  to  the  loot  of  Berrj's  Shoal,  a  distiinct^ 
of  51  miles,  with  the  exception  of  about  2,G00  feet  at  Shipley^s  Shoal  and 
ViOO  feet  at  I3urd-s  8hoal.  Of  this  <listanee,  40  miles  from  the  mouth,  or 
as  high  up  as  Moore's  Flats,  had  lx*en  the  subject  of  improvement  in 
previous  years. 

The  result  of  t\w.  year's  work  is,  thcn^efore,  11  miles  of  river  opened  to 
low-water  navigation,  and  the  maintenance  of  the  previously  obtained 
channel  for  a  distaninj  of  40  miles  with  the  exceptions  above  given.  It 
may  be  n(;cessary  to  build  dams  an<l  training  walls  at  some  of  the  shoals 
where  Jis  yet  only  dredging  has  been  d(me,  but  with  these,  since  the 
<  >sage  Kiver  is  a  stream  of  i»erfectly  clear  water  flowing  over  a  bed  of 
gravel,  with  substantial  banks,  1  see  no  reason  why  the  beneficial  resiilts 
will  not  be  reasonably  permanent. 

AITKOPRIATION  OF  .TINE  14,  18S0. 

The  river  and  harbor  act  of  June  14,  1880,  apjmipriates  «)30,000  for 
the  continuation  of  this  im])rovenient.    Of  this  sum  $5,200  have  beeu 
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allotted  to  the  extension  of  the  traiuing  wall  at  Shipley's  Shoal  and 
$1,200  to  similar  work  at  Burd's  Shoal.  At  Berrj-'s  Shoal  (5 1 J  miles 
from  the  mouth)  a  depth  of  only  6  inches  is  sometimes  found  at  low- 
water.  It  is  proposed  to  contract  the  river  to  a  width  of  80  feet,  by 
means  of  a  dam  and  training  wall  like  those  used  at  the  other  shoals, 
with  a  view  to  securing  a  depth  of  2  feet  at  the  lowest  stage.  The  ad- 
joining sketch  shows  the  location  of  the  proposed  works.  The  sum  of 
$7^500  has  been  allotted  to  this  work. 

There  are  four  shoals,  viz.  Music's,  Saline,  Hurdsong's,  and  Town's, 
upon  which  the  work  will  consist  principally  in  removing  snags  from  the 
channel,  cutting  leaning  timber  from  the  banks,  and  in  one  or  two  places 
scraping  gravel.  The  sum  of  $3,800  has  be«n  allotted  to  the  works  at 
these  four  shoals. 

When  the  works  above  mentioned  shall  have  been  completed,  there 
will  exist  at  low-water  a  channel  of  2  feet  in  depth  from  Tuscumbia  to 
the  mouth,  a  distance  of  60  miles.  Above  Tuscumbia  a«  far  as  the  mouth 
of  Rainey  Creek,  a  distance  of  90  miles,  there  has  been  no  survey  made. 
The  sum  of  $2,500  has  been  allotted  for  the  purpose  of  surveying  that 
portion  of  the  river,  with  a  view  to  preparing  plans  for  its  improvement. 
There  will  then  be  a  continuous  map  from  Ottawa,  Kans.,  to  the  mouth. 
The  balance  of  the  funds  available  is  held  in  reserve  for  works  abo\e 
Tuscumbia,  after  the  completion  of  the  survey. 

RKCAPITULATIOX. 

Shiplev'B 'Shoal ^'>,200 

BimUs  iiihoal 1,200 

Berry  Shoal 7,500 

Music's,  Saline,  Burdsong's,  aud  Town's  Shuals 3, 800 

Survey  ahove  Tuscnmbia : 2, 500 

Reserved  for  works  above  Tuscumbia 9,800 

Total 30,000 

It  is  proposed  to  carry  on  the  greater  part  of  these  works  by  contract. 
That  system  can  be  applied  to  the  works  at  Shipley's,  Burd's,  and  Berry's 
Shoals.  In  the  case  of  those  shoals  where  the  work  will  consist  of  re- 
moving snags  and  overhanging  trees  and  scraping  gravel — viz,  Music's, 
Saline,  Burdsong's,  and  Town's — the  indetinite  amount  of  the  work  ren- 
ders it  impracticable  to  prepare  accurate  si)ecifications  in  advance.  The 
work  at  these  shoals  will  be  carried  on  by  hired  labor. 

ESTIMATE  FOR  YEAR  ENDING  JUNE  30,  lS8l*. 

The  sum  of  $50,000  can  be  expended  to  advantage  during  the  year 
ending  June  30,  1882.  It  is  intended  to  employ  it  in  removing  obstruc- 
tions to  navigation  above  Tuscumbia,  the  exact  position  of  which  can- 
not be  given  until  after  the  completion  of  the  survey  to  be  undertaken 
this  year.  The  intention  is  to  create  a  continuously  good  navigation  as- 
cending the  river  each  year  as  far  as  the  means  available  will  permit. 
There  is  no  definite  project  for  the  improvement,  and  it  is  therefore  im- 
practicable to  fill  out  that  part  of  the  money  statement  which  gives  the 
amount  required  to  complete. 

Money  statement. 

July  1,  1879,  amouut  available *-2(>,7ia  10 

Amount  received  lor  fuel  sold  to  officers ". .  Iti4  50 

Amonnt  appropriated  bv  act  approved  June  14,  1880 :W,  000  00 

.$50, 9i:»  60 
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July  1,  18 "<0,  amouiit  exj  eiicl«»d  during  HaohI  year: 

By  Col.  J.  If.  SiinpAoii,  Coi-ps  of  EDgin«»orH $17,815  21 

UvCapt.  O.  H.  Ernst,  Corps  of  Eiigim^eis 2,306  40 

$20, 120  61 

July  1,  l^-^l  aiiiouiit  availaM*- 30,794  «) 


Aiiioniit  that  ran  iM'pioHlably  «'X]H'ndecl  in  Hwal  yoar  cndiuj;  JnnoIiO,  I8"i2.     50,000  00 


PS- 

srHVKV  AND  KSTIMATK  OF  THE  l)AMA(iES  TO  RII»AKIA\  OWNERS  IN 
FRONT  OF  THE  TOWN  OF  VENICE,  ILL.,  WY  REAS<X\  OF  (iOVERNMENT 
IMPROVEMENTS  MADE  OK  TO  UK  MADE  AT  OK  NEAR  SAID  TOWN. 

KN(fLNEEK  Office,  United  States  Army, 

fSahil  Loui\  Mo..  April  10,  1878. 

(lENEKAL:  Awordiii*?  to  the  iiih^triictioiis  contained  iu  your  lottor 
<liite<l  May  1,  1877,  recjiiiring  a  survey  and  estimate  to  be  maile  "of  tlie 
damages,  it*  any,  done  or  to  1m*  done  to  riparian  owners  of  lands,  and 
improvements  thereon,  at  or  in  front  .of  the  town  of  Venice,  111.,  near 
Saint  lA>nis,  Mo.,  by  reason  of  government  imi)rovementH  made,  or  to 
be  made,  at  or  near  said  town  of  Venice,"  a  survey  was  made  by  my 
assistant,  Mr.  William  Topi),  in  Sei)tember  and  October,  1877. 

The  accompanying  map  of  this  survey,  cm  a  scale  of  1  inch  to  200  feet, 
embraces  the  towns  of  N'enice  and  Brooklyn,  tlie  Mississippi  Kiver  frcmi 
IJisdiotl^s  dike  to  liead  of  Bloody  Island,  and  the  river  front  of  the  city 
ot*  Saint  Louis  from  Terry  to  Florida  streets.  The  towns  of  Brooklyn 
and  Venice  are  lai<l  down  on  the  authority  of  the  laiblie  records  of  Saint 
Clair  and  Madison  Comities.  The  subdivision  of  the  lands  of  the  Mad- 
ison County  Ferry  Company  is  ('opied  from  a  map  or  plan  loaned  for 
the  i)urpose  by  tin*  ferry  com])any.  The  lo(!ation  of  the  old  works, 
shown  in  bbu»  and  ^reen,  is  not  absolute,  beinji;  transferreil  from  the 
old  maps,  and  depends  upon  the  accuracy  of  the  surveys,  and  idotting  of 
those  mai)s.  The  full  blue  lines  are  taken  from  the  map  made  by  Lieut. 
K*.  E.  Lee,  in  ls:J9,  and  the  broken  blue  lines  an^  fn>m  a  map  cimi- 
piled  by  Henry  Kayser,  City  Kn«rineer  of  Saint  J ^on is,  in  1849.  The 
works  shown  in  ^ri'een  are  tak(»n  from  a  ma[>  made  fi-om  a  survey  in 
1801,  and  reinesent  tlie  location  and  then  condition  of  the  early  works. 
Ked  shore  lines  and  figures  ar(»  tak(»n  from  the  survey  nmde  in  1870  by 
Capt.  Charles  ,1.  AHen,  Cor[)s  of  Engineers,  and  the  black  Jiiies  and 
ligures  represent  the  survey  of  1877.  Actual  scamdings  are  ffiveii  in 
both  cases,  the  stage  being  inactieally  the  sann*,  +  7'.iiat  time  of  sur- 
vey in  1S70,  and  +  7M*  in  1877. 

The  examination  of  the  question  of  damages  necessarily  involves  a 
sean'h  of  the*  records  to  a.scertain  what  had  l.)een  d<me  and  the  ]mr|>OH(> 
of  the  works,  also  any  acts  of  the  jiarties  interested  which  would  bear 
uiKHi  the  (juestion  i)re.s<Mit(Ml.  This  examination  was  made  by  my  assist- 
ant, Robert  K.  ]\lcMath,  and  the  result  is  (»mb<Mlied  in  a  re]»ort  iiiMin  the 
matter  dated  March  20,  1878,  a  eopy  of  which  is  forwanled  heix^.witli. 
Mr.  ]MeMath  arrives  at  the  foUowing  fa<rts  bearing  directly  upon  tlie 
tpH'stion  of  <lamages: 

1.  Damages  done  previous  to  1S72  wen*  (Mimpensated  for  by  a  pay- 
ment made  in  IStl.  • 

1'.  Said  payment  covered  also  damage  to  be  done  by  completion  of 
the  plans  then  eoiit<'niplat<*d. 
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3.  The  party  to  whom  p.avineiit  was  ina<le  is  the  same  as  the  corpora- 
tion now  owning  the  entire  Venice  front. 

•k  The  legislature  of  Illinois  in  1849  recognized  that  the  ferry  com- 
pany had  relimpiished  their  rights  ui)on  this  front,  for  it  rocovcrecl  to  the 
ferry  company  the  right  to  use  a  certain  dike  to  be  built  upon  the  ground 
owned  by  the  ferry. 

5.  In  recovering  this  right  the  legislature  imposed  certain  conditions 
iilK)n  the  ferry  which  have  not  been  fulfilled. 

6.  The  works  built  by  the  United  States  in  187.5  do  not  materially 
dift'er  from  those  i)rovided  by  tlie  legislature  in  tlie  interest  of  the  ripa- 
rian owners. 

7.  Another  work  stands  in  a  position  to  imi>air  the  interests  at  Venice 
more  directly  than  the  one  extended  by  the  llnited  States. 

8.  The  only  riparian  interest  besides  that  of  the  ferry  company  is  sub- 
ject to  the  acts  and  obligations  of  the  ferry  company  from  whom  that 
interest  derives  title. 

UfK)n  the  fa<.'ts  recited  above  the  conclusion  is  reached,  in  which  I  (»on- 
ciir^  that  no  damage  has  been  done  by  works  actually  construct^Hl  by  the 
United  States  to  the  riparian  owners  of  lands  or  the  improvements 
thereon  at  or  near  the  town  of  Venice. 

Concerning  the  second  branch  of  the  intpiiry,  what  damages  will  be 
done  by  future  Avorks,  a  definite  answer  cannot  be  given.  If  the  rec- 
ommendations of  the  Board  of  Engineers  convened  in  February,  1872, 
l>e  strictly  a<lhere<l  to  the  damjiges  will  be  large,  and  will  dei)end  upon 
the  then  value  and  development  of  the  local  interests.  There  being  no 
immediate  probability  of  these  works  being  carried  out,  it  would  be 
nselesH  to  estimate  tliese  interests  now,  if  the  means  of  making  such  an 
estimate  were  within  reaeh.  As  the  question  depends  upon  information 
obtainable  only  from  the  books,  offi(5ers,  anil  employes  of  the  ferry  com- 
pany, the  only  mode  of  arriving  at  a  valuation  is  through  the  courts. 

To  avoid  the  question  of  damages  in  future,  I  concur  in  the  opinion 
that  it  would  be  well  to  modify  the  plan  of  the  Board  of  1872,  and  return 
to  the  lines  agreed  to  and  compromised  upon  in  1841  and  1849.  To  do 
this,  however,  would  aifect  the  interests  of  the  city  of  Saint  Louis  in  an 
important  degree.  Until  the  publication  ot  this  report  and  the  accom- 
panying papers  aft'ords  an  opportunity  for  the  authorities  of  Saint  Louis, 
and  indeed  all  interested  parties,  to  be  heard,  and  possibly  to  suggest 
other  solutions,  1  cannot  indorse  the  recommendation  of  my  assistant  as 
to  the  immedate  constru(*tion  of  the  liigh  dikes  at  the  shore  end  of  Bis- 
choiTs  dike,  and  at  the  foot  of  Ferry  street,  \>nice,  for  the  constniction 
of  such  works  nuist  depend  upon  their  being  accepted  by  the  riparian 
owners  in  lieu  of  all  possible  claims  for  dfiniage. 

These  conclusions  are  based  ujK)n  an  array  of  facrts  obtained  with 
much  labor  from  records  and  documents.  In  order  to  present  the  evi- 
dence upon  which  they  are  founded,  a  memoir*  has  been  prepared,  and  is 
forwarded  herewith,  giving  in  narrative  form  a  history  of  Saint  Louis 
Harbor  and  the  works  for  its  improvement,  to  which  a  series  of  impor- 
tant reports  is  added  as  api)endixes  A,  B,  i\  i),  E,  F,  G,  H,  I,  J,  K,  L,. 
M,  X,  O,  P,  and  (i,  in  evidence  of  facts  and  opinions. 
Very  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 

Colonel  of  liJngineer,s^ 

Brig.  (lea.  A.  A.  1Iu3IPHREVS, 

Chief  of  EngineerH^  U,  S,  A. 

*  Memoir  and  a]>peii(lix('.s  priuted  in  .Senate  Ex.  Doc.  No.  20,  Korly  -»ixt!i  Congress 
nevond  session. 
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.si  l{vi:v  of  alton  harbor,  illinois. 

Knginekr  Office,  United  States  Army, 

Saint  Jjouis^  Mo.j  February  9,  1880. 

(iENEKAL:  I  have  tlie  liuiior  to  transmit  herewith  a  tracing  of  the 
map  of  Alton  Harl>or,  on  a  scale  of  v-o\ro7  i»«i<l^  in  accordance  with  the 
river  and  harbor  act  of  March  3,  1879. 

The  selection  of  the  best  plan  for  the  "iuiprovement«  proper  to  be 
made''  at  this  locality  bein^  a  problem  of  considerable  importance,  a 
Board,  consisting  of  Capt.  0. 11.  Ernst,  (vorps  of  Engineers,  Mr.  R.  E. 
McMath,  assistant  engineer,  and  Mr.  D.  M.  Cume,  assistant  engineer, 
was  convened  by  me  and  ordered  to  examine  and  report  upon  the  sub- 
ject. Tlie  condnsions  of  the  Board,  whose  report  is  appended,  meet  with 
my  approval. 

The  plan  propose<l  is  to  bnild  a  dike  beginning  at  the  point  A,  on  the 
^lissouri  shore,  about  li  miles  above  the  present  dam  across  Alton 
Slough,  and  running  diagonally  downstream  to  the  point  B,  a  distance 
of  about  4,800  feet,  here  making  an  angle  of  10  degrees,  and  numing 
hence  nearly  parallel  to  the*  Illinois  shore  towaitls  C,  as  far  as  may  be 
necessary ;  the  top  of  the  dike  to  be  14  feet  above  low-water;  lines  of 
hurdles  to  connect  it  with  the  Missouri  shore  at  intervals  of  400  feet. 

Only  the  portion  from  A  to  B  is  to  l)e  built  the  flrst  year,  the  esti- 
mated cost  of  whic'h  is  »^39,0(K).  As  the  shoal  yields  to  the  eroding  action 
of  the  cuiTcnts,  it  may  be  extended.  The  amount  of  extension  that  will 
be  rccjuirod  is  uncertain,  but  its  extreme  limit  will  be  3,000  feet,  the  esti- 
nuited  cost  of  which  is  ^32,000.  The  total  estimated  cost  of  the  works 
com]>h»ted  is,  therefore*,  871,000,  of  which  4:50,000  may  be  advantageously 
expended  tin*  tirst  year. 

I  regard  the  im[»rovcmcut  as  of  value  in  tlie  interests  of  general  navi- 
gation, and  the  a])i»roj>riation  of  the  amount  rccjuired  for  the  purpose  is 
recoiu  mended. 

Very  i'esp(M't fully,  your  obedient  servant, 

J.  H.  Simpson, 

Brig.  (IcMi.  II.  (1.  WiiKiirr.  Colonel  of  tJugineerH, 

(liicf  of  Enii'nu'crs^  i\  S,  A. 


iMcroi.T  Of  iioAKi)  in"  kn<jini:ki:s. 


Knuinkkk  offk  k.  rxiTEi*  Statks  Army, 

Saint  Loiiin,  Mo,,  JaHiiari/  ^7,  Ity^O. 

(  olonkl:  Tlir  IJojuil  <<»iiv<n('(l  l>y  vniir  onl«'r  of  tin*  *24tli  instant  to  **eXHniino  antl 
rr]MHt  upon  lln*  lust  plan  ol'  iini>rovinj;  Alton  Hjirl>or.*'  lniv««  mn-fnlly  considered  th<» 
bul».j«Mt,  t\\n\  n<»\v  n'^prrtfnllv  snlmiit  tlu'ir  conclnsions. 

IuH'U>rtin>;  a  pliin  of  iniprovrnirnt.  the  Hoard  liav«>  luM'n  ^ovcrncMl  by  tlio  foUowiiiiv 
•^♦•nnal  princii>l<'.s:  Tlir  works  of  ini]irovrni<'nt  slionld  1m*  ho  locattMl  that  they  will 
]nol>al>l\  liannonizr  \>ith  any  ]tlanH  winch  nniy  in  the  I'ntnn*  Im*  adopte<l  for  the  river 
al»oNf.  Tlir  iniinovonirnt  of  Alton  Harbor  mpiin's,  first,  tin;  removal  of  the  hIiohI  in 
front  of  tin-  present  rity  landin^x.  ainl.  secontl.  ]>rovidinj;:  a  convenient  landing  on  the 
MisNonri  sU<»re  for  the  Alton  terry. 

Tln>  shoal  in  front  of  the  landing  at  Alton  is  the  natnral  reHnlt  of  the  dirortion  of 
ap]>roarh  of  th«-  eliannd.  and  the  ohjret  of  the  works  of  improvement  Khonid  In*  to 
so  dirert  the  channel  that  it  will  attack  the  shoal  and  flow  nH»iv  ne.irly  panillel  to  t1i«* 
cit\  front. 

Tollowin;;  thcsr  principles,  it  is  the  o]>inion  of  tin*  Hoanl  that  the  In'hI  plan  r«>r  iui* 
proving;  Alton  Ilarhor  is  to  coiistrnct  a  dike,  hcfiiinnin*;  at  a  point  on  the  MiwMmri 
.short'  ahont  1 .1  miles  aho\e  the  dam  aeros>  Alton  Slon^h,  and  i  unnin); diagonally  doBii- 
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stream  a  ilistain'«>  of  aImhii  4,rM.H)  tVi't,  to  a  point  iinir  tlii'  foot  of  tin-  •rn-at  bar  shown 
oppo8it«*  the  northern  ]>art  of  Alton,  ami  ahont  1,30<)  feet  from  the  Illinois  shore,  here 
making  a  small  angle,  iiuf[  rnnning  henee  nearly  parallel  to  the  Illinois  shore  iia  far 
iiH  may  be  necessary  ;  the  referenee  <tf  the  top  of  the  dike  to  be  (iWi)  or  about  14  feet 
above  low-water. 

ThiH  (like  colleeting  all  the  w.'isto  wat<*r  of  the  river  at  stages  below  14  feet,  as  in  a 
fiinuel,  and  discharging  it  against  the  main  channel  as  it  passes  down  the  Illinois 
8kore,  will  tend  to  divert  that  channel  while  not  e<miing  in  contact  with  it  itself.  It 
Hhonld  at  first  be  built  only  as  far  as  the  angle  4,t*00  feet  from  the  point  of  beginning. 
It  may  afterwards  hi*  ext«'nded  in  the  new  direction  as  the.  shoal  yields  to  the  eroding 
action  of  the  current  as  far  jts  may  be  rec[uired.  The  extreme  limit  of  this  extension 
will  be  3,0<K)  feet,  and  that  h;Dgth  is  estimated  for,  though  it  is  not  ])robablc  that  it 
will  be  necessary  to  extend  it  more  than  Imlf  that  distance,  if  so  far. 

As  the  dike  progresses  it  will  be  connected  at  intervals  of  400  feet  with  the  Missouri 
hhore  by  lines  of  hurdles  running  peri>endicular  to  it,  and  built  to  a  referen<*e  (97). 

A  good  landing  is  ^irovided  tVu*  the  Alt(m  ferry,  just  above  the  initial  point  of  the 
dike.  It  is  somewhat  farther  from  Alton  than  the  landing,  whi<'h  is  n(»w  used  at  low 
stages,  but  it  is  near  the  landing  which  the  ferry  now  iwes  at  high  stages. 

In  [»Feparing  the  estimate  of  cost  the  Hoard  has  thought  best  U*  assume  as  a  basis 
a  form  of  construction,  the  success  of  which  is  tolerably  certain — that  is,  for  the  main 
dike  a  solid  structure.  It  is  unanimously  of  the  opinion,  however,  that  simie  form  of  open 
construction,  such  as  hurdles  or  buoye<l  cniiains,  should  be  experimentally  tried  in 
that  part  of  tin*  dike;  which  is  to  Ik^  built  in  the  water.  »Such  work  has  never  been 
executed  upon  tin*  rp))er  Mississippi,  and  should  be  tried.  It  is  not  so  promising 
there  as  below  the  mouth  of  tbe  Missouri,  where  it  seems  to  be  succeeding.  Accord- 
ingly the  form  of  construction  adopted  as  a  basis  for  the  estimate  is,  for  that  jiart  of 
the  dike  built  in  the  water,  tiers  of  brush  mattres.s»*s  loaded  with  stone,  built  up  to 
low-water  mark,  and  above  that  level  two  rows  of  piles  liue<l  with  boards  and  filled 
in  with  sand;  for  the  part  built  wholly  upon  the  dry  sand-bar  a  bank  of  san«l  10  feet 
thick  on  top,  with  side  slopes  of  A,  faced  with  stone  laid  on  by  hand  on  the  top  and 
outside,  and  with  a  thatching  of  brush  on  the  inside,  and  its  toot  jn'oteetod  on  th»^ 
channel  side  by  a  brush  apron  r>0  feet  wide. 

Tbe  Board  has  no  doubt  of  the  beneficial  eft'ect  of  the  hurdles  which  are  to  c<»nnect 
the  dike  with  the  sht)re.     The  estimate  is  as  follows: 

For  part  ahorv  antfir : 

pike  in  water  "2, 100  iVct,  at  •5?.') ^I'i.GOiJ  0<) 

r5  cubii-  yards  sand,  at  lo  cents... .^0  7i^   ^ 

Dike  on  dry  bar,  eon-  |  |''„  cubic  yards  stone,  at  ??1.2r> 1  V.ik  \  'i.ToU  t'r., 

tniuing     tbr     each  <(  i   conl   brush   nnule   into   apron,  )       at 

running  foot.  I      at  sl.r>(» :C    |    Ai.'M^L       0,  '2-r.\  50 

I  ,^  cord  brush  as  thatch,  at  Al O.i   J 

Hunlling  lO.Wi')  feet,  most  of  it  on  dry  bar.  at  7.')  cents l'.i. *21H»  ^27* 

:ii,  119  7r> 

Contingencies,  about  •jr>  per  c<-nt 7,?:'80  2r» 

:19, 000  00 
For  part  hrloir  unqtv : 

Dike  in  water.  :J.(MM)  fei-t,  at  *i<> 1H.(MH»  00 

Hurdles,  9.4*20  iret,  at  h>  cents U^My  00 

2r>,53()  00 
Contingencies,  about  'ZTt  prr  c<*nt (i,  4t)4  iM) 

:i-2, 000  00 

Total  for  the  works  eoniideted 71.0(M)  00 

of  which  ft;tt».0<K)  can  be  a<lvantageon>ly  ex]MMided  the  first  year. 
Kespect fully  subniittetl. 

I).  M.  ClRIME, 

A»>*\Htant  llufj'niiir. 
Knnr.  E.  McMatii, 

AnHiHtant  Fiiffhufr. 
o.  11.  Ernst, 
CrtJ.  J.  H.  Simpson,  Captain  of  Emfmevrx. 

t'orfni  of  /Cnffintirt.  f.  S.  .1. 

Approved.  J.  H.  .Simi»S(»n. 

Co!,  EtHjimerH  ami  Jirf.  Itr'nj.  Gcn.j  C.  S.  A. 
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sijrvky  of  thk  mlssissipri  juver  opposite  the  mouth  of  the 

.     missouri. 

Engineer  Office,  United  States  Army, 

Saint  Jjouiftj  J/o.,  March  25,  188(«. 

(lENERAL :  1  liiive  the  boiior  to  transmit  herewith  a  map,  upon  a  scale 
of  1  inch  to  1,000  feet,  of  the  "Mississippi  lliver  opxK)site  the  mouth  of 
the  Missouri,-'  made  in  accordance  with  the  provision  of  the  river  and 
liarbor  a(»t  of  March  3, 1879,  by  my  assistant,  Mr.  P.  C.  F.  West. 

To  show  the  changes  that  have  been  going  on  at  this  locality,  I  have 
had  represented  in  brokgn  lines  the  shore  lines  as  they  were  fonnd  by 
the  survey  of  1870. 

Immediately  opposite  the  mouth  of  the  Missouri  the  bank  remained 
wliere  it  had  been  nine  years  before.  This  interesting  fact  is  explained  by 
tlie  woods  growing  thJere.  The  gi*eater  stability  of  the  bank  stocked 
with  trees  over  those  cleared  for  cultivation  is  observable  everywhere 
along  the  river,  and  it  furnishes  a  reason  why.the  navigation  has  been 
steadily  deteriorating. 

Just  above  the  mouth  a  strip  of  land  about  11,000  feet  long  has  been 
washed  away  to  an  average  width  of  about  325  feet,  and  below  the 
mouth  a  strip  about  12,000  feet  long  to  an  average  width  of  about  675 
feet.  About  265  acres  of  good  arable  land  has  therefore  been  carried 
aw^ay.  Estimating  this  land  to  be  worth  $50  per  acre,  the  value  of  the 
proi)ei*ty  destroyed  in  the  nine  years  is  about  §13,250,  wiiich  is  an 
average  of  $1,472  per  year. 

The  obvious  means  of  preventing  this  loss  is  to  i-cvet  the  bank.  About 
23,000  feet  of  bank  would  requii-e  protection,  which,  at  $6  per  toot,  would 
cost  $138,000.  The  annual  interest  upon  tliat  sum,  at  4  per  cent.,  would 
\ye  $5,520,  which  is  more  than  three  times  the  present  annual  loss. 

In  the  interest  of  the  general  navigation  no  improvements  are  "proi)er 
to  be  made^  until  the  Missouri  itself  shall  liave  been  permanently 
rectified  and  have  received  a  i)ermanent  mouth.  Bank  revetments  are 
undoubtedly  beneficial  to  navigation  by  cutting  off  the  supply  of  chan- 
nel-choking material,  but  their  cost  is  so  great  that  they  should  be  con- 
structed only  at  those  i)laces  where  the  river  is  to  be  held  pecmaneutly. 
To  stop  its  inroads  in  one  direction,  leaving  it  free  to  alter  its  coarse 
in  the  opi)osite  direction,  cannot  be  regarded  as  judicious.  A  revet- 
ment opposite  the  present  mouth  of  the  Missouri  might  very  easily  lind 
itself  in  a  few  years  at  a  distance  fnmi  the  river. 

Tlie  mouth  of  the  Missouri  is  now  2  miles  south  of  the  i)Ositioii  it  held 
in  1870.  In  the  mean  time  it  has  been  still  farther  south,  and  it  seems 
now  to  be  moving  northward.  Works  to  give  a  i>ermanent  moutli  to 
the  Missouri  could  not  be  undertaken  before  that  river  had  been  rectified 
for  a  considerable  distance  above.  The  latter  not  having  yet  been  pro- 
ie(*t(*d,  it  is  premature  to  discuss  the  former. 

Vvvy  respectfully,  your  obedient  servant, 

J.  H.  Simpson, 

Colonel  of  EnffineerH. 

Brig.  (leu.  11.  (i.  Wkkjht, 

Chief  of  KngineerH^  U,  ^'.  .1. 
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BH^KOymG  SNAGS  AND  WRECKS  FKOM  THE  M1SSISSIPJ»I,  MISSOUBI,  ANI> 
ARKANSAS  RIVERS— SURVEYS  AND  IMPROVEMENTS  AT  VARIOUS 
POINTS  ON  MISSOURI  RIVER— SURVEY  OP  MISSOURI  RIVER  FROM 
ITS  MOUTH  TO    SIOUX    CITY — IMPR0VE:MENT  OF    ARKANSAS  RIVER. 


MEPORT  OF  MAJ(tR  VHAHLES  R,  SUTER,  CORPS  f)F  KStilSEKRS,  OFFICER 

in  charge^  for  the  fiscal  year  finding  jvne  :w,  1880,  with  other 
docvments  relating  to  the  works. 

United  States  Engineer  Office, 
tkiint  Louiftj  Mo.,  September  10, 1880. 

General  :  I  have  the  bouor  to  submit  lierewitli  iny  annual  report 
nponthe  operations  committed  to  my  charge  during  the  fiscal  year  end- 
ing June  30, 1880. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Ohas.  K.  Sutek, 


Brig.  (leu.  H.  (i.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


Major  of  Ungineers 


Q  I. 

KEMOVINU  SNAGS  AND  WRKCKS  FKOM  THE  MISSISSIPPI.  MISSOURI,  AND 

ARKANSAS  RIVERS. 

Daring  the  past  seiuson  three  snag-boats  were  employed,  viz,  the  J. 
"S.  Macomb  and  K.  K.  De  lUissy  in  the  Mississippi  and  Missouri,  and 
the  C.  B.  Reese  in  Arkansas  Eiver.  Twelve  months'  snag-boat  work 
was  accomplished,  distributed  as  follows,  viz :  Mississippi  River  six 
months^  Missouri  Kiver  two  months,  Arkansas  River  four  months.  This 
time  was  well  expendeil,  all  the  boats  worked  very  industriously,  and, 
as  the  Mississipx>i  work  wa«  done  at  a  very  low  stage  of  the  river,  it  was 
of  great  value.  The  work  in  Arkansas  River  was  also  veiy  satisfactory, 
though  the  backwater  from  the  Mississippi  covercMl  up  most  of  the  snags 
in  tlie  lower  portion  of  the  stream.  The  Missouri  was  so  low  that  we 
were  unable  to  do  as  much  work  as  had  been  intended. 

MISSISSIPPI  RIVER. 

Work  on  this  stream  extended  from  the  mouth  of  the  Missouri  to  the 

head  of  Deadman's  Rend,  a  distance  of  1,000  miles.    The  snag-boat 

De  Bassy  left  Mound  City,  111.,  August  16,  lS79,.and  worked  up  to  Saint 

'lioois,  which  point  was  reached  August  28.    She  then  worked  for  about 

1401 
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ji  week  in  the  Missouri  Eiver  near  its  mouth,  after  which  work  was  re- 
sumed in  the  Mississippi.  The  boat  passed  three  times  over  the  river 
1)etwi^eu  Cairo  and  Saint  Louis,  and  on  October  13  started  from  Cairo  to 
work  in  the  lower  river.  By  November  1  she  had  reached  Longwood 
Landing,  where,  being  relieved  by  the  Macomb,  she  worked  back  to 
Cairo  and  was  laid  up  at  Mound  City,  111.,  December  6,  1879. 

The  snag-boat  Macomb,  which  had  been  detailed  to  the  Missouri 
Kiver  in  the  early  part  of  the  season,  began  operations  in  the  Missis- 
sippi October  7, 1879.  She  worked  three  times  over  the  river  between 
Cairo  and  Saint  Louis,  and  ^November  4  started  for  the  lower  river. 
She  worked  down  as  far  as  Deadman's  Bend,  and  turned  back  from  that 
point  ]S"ovember  18.  The  boat  reached  Cairo  December  2,  and  was  laid 
up  at  Mouiul  City,  HI.,  December  6,  1879. 

January  li8,  188(),  she  again  stiirted  out  and  worked  up  to  Saint  Jx>uis 
and  back,  being  laid  up  for  the  season  February  14,  1880. 

Table  of  work  done  in  the  MiHHtMsippi  Hirer. 

iilllC  1>1    lM>Slt.  .   S  '-S,  »-s  »-S't<3 

.  is  ^   So    =  i*     j;  '  ij*- 

=  ^  ^2  fi         I     a  S     i     q 

'    =  •*  -      I    5  Sts    '    g 

.    2       '     £g"      ,    ^ •    ^^J    ^ 

K.  K.  T)«  RiiMsv 1,133     27.458.6  31  19         ].g33 

.T.X.Mjicomh i        :i8ft  '    4,:W0.7  939    2,633 


'I' 


"i" 


lotHl ;    1.522  !  31. wm.3  660  19         4,466 


MISSOl'RI    UIVEK. 

The  snag-boat  Macomb  left  Mound  City  August  10, 1879,  and  entered 
the  Missouri  Kiver  August  14.  By  September  10  she  had  worked  up  to 
Lexington  15ar,  317  miles  from  the  mouth,  from  which  point  she  turned 
back  and  left  the  Kiver  October  3,  to  work  in  the  Mississippi.  In  addi- 
tion to  this  the  Dc  Kussy  did  about  a  week'j^  work  near  the  mouth  of  the 
river  in  the  beginning  of  September. 

Tahlf  of  work  (Utnr  in  the  Mmnouri  Hirer. 


S«  t  XI  I  = 

T  .    I      c  g  *•  •«5:  !  e 

Xai .IhiMi.                                        Z:^    \     .Bi  li  2i  28 

11  I    ii  ^''  Is  I  i" 

y:            fe?  '^i  >; "  '  » 


.T.N.Maooiiil 72.'J  ,    4.1«1.'<  196    8M 

li.  E.  De  Illl^,^v 09  j    1,964.^  »*  0  «5 


Total 792;    «,14<16,        304  6 

I 

AUKANS.VS   RIVEK. 

Work  on  this  stream  extended  from  the  mouth  to  the  hea4l  of  Trustee 
Bend,  a  distance  of  r>00  miles. 

The  iH»w  stern-wheel  snag-boat  Chauncey  B.  Reese,  having  been  com- 
pleted, leit  Monnd  City.  111.,  for  Arkansas  River  January  2, 1880.     She 
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reached  the  month  and  began  work  January  7.  After  i^assiug:  several 
times  over  the  river  between  Little  Kock  and' the  month,  she  began  work 
March  4  above  Little  Rock.  By  the  16th  she  had  reached  Trustee  Bend, 
from  which  point  she  turned  back.  She  loft  Arkansas  River  April  12 
and  returned  to  Mound  City,  111.,  where  she  was  laid  up  May  5,  1880. 

Tabh-  of  irork  dom'  hi  thv  Arkannan  Itivrr. 

tt  c  j,  -    .  ± 

-  i  *  -  '^"r  ^ 

Name  rtf  liOiit.  '^  .=  s  "=  "r  •2 

5*-"  *"  "1.  •—  SL  i-^ 

CIi»<:nc4?y  B.  RiK^He 7:»0     WlVl.l  4^^  10         J.ttfiS 

Recapitulation  of  work  donv  dnrinff  thv  finvaJ  year  ending  June  lio,  Ir*?!). 

SI  =  r  S».-  ^ 

P*  M  **■  -AM  ^'      ^  ■■ 

y.  ^  >5         ^  '^  ,  V? 

MiMwaippi l,'yi'i    :;i,s<k:;         r>4>4)  ij)       A,M)i\ 

MlMOuri 7Jn.'        «.14H.«  L'04  '  H  IWJ 

ArkaniUM 7.')<)  '  1.'».'J1L'.  7  4*</<  1»  :      1,%2 

Total :;.<M>4    r):{.H)7.i;      i.:!.v.'  44     "  7. :i»i 


onSEUVATIONS  AND   Sl^KVKYS. 

Under  the  instructions  of  the  department  the  field  work  of  the  par- 
ties engaged  on  this  work  was  closed  up  June  25.  1879,  and  the  results 
of  the  various  observations  were  turned  over  to  ( 'ol.  Z.  B.  Tower,  Corjis 
of  Engineers. 

CONSTUrCTION   OF   NEW   SNACfHOATS. 


'  Work  upon  the  iron-hulled  boats  to  carry  the  machinery  of  two  of 
the  old  wooden  ones  was  in  progress  during  the  sciuson.  One  boat,  the 
Gkauncey  B.  Reese,  was  eomi)letod  at  the  (»nd  of  December,  and  sent 
at  once  to  the  Arkansas  River.  Her  work  there  was  of  the  most  satis- 
factory character,  and  the  boat  seems  well  adapted  to  work  on  the 
flmaller  streams.  She  is  a  stern-wheel  steamer  170  feet  long  and  36  feet 
beam.  Her  draught  at  stern,  loaded,  is  28  inches ;  at  bow,  20  inches ; 
mean  draught,  24  inches.  She  has  for  snagging  purposes  four  steam 
capstans,  a  ])air  of  heavy  iron  shears,  and  a  sweep-chain,  while  her  bow 
and  deck  are  suitably  shaped  and  constructed  to  enable  snags  to  be 
pulled  in  on  deck  and  cut  up. 

A  large  force-pump  was  successfully  used  for  loosening  uj)  logs  and 
fiuags  imbedded  in  the  sand.  Dynamite  was  also  tried  for  this  and 
other  purposes,  but  without  marked  results. 

The  hull  of  the  large  side-wheel  snagboat  Horatio  G.  Wright  was 
well  advanced  towards  completion,  but  the  exhaustion  of  the  appropria- 
tion compelled  a  suspension  of  operations  in  the  early  winter.    A  few 
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iiioutliK^  work  will  complete  this  fine  vessel,  and  it  is  expected  that  she 
will  take  the  field  in  the  fall. 

When  this  boat  is  completed  the  work  will  be  fairly  equipped  with 
large  boats,  and  the  .Reese  will  probably  be  sufiScieut  to  take  care  of 
Arkansas  Kiver,  but  there  is  still  great  need  of  a  boat  of  medium  size 
which  can  be  used  at  all  seasons  in  the  Missouri  Eiver.  For  such  a  boat 
we  have  the  machinery  on  hand,  and  estimates  for  an  iron  hull  are  sub- 
mitted herewith.  It  is  intended  during  the  present  season  to  put  a 
wrecking  outfit  on  the  wooden  snagboat  De  liussy,  and  keep  her  at 
that  special  work  h<*reafter. 

The  boat  is  old  and  requires  extensive  repairs  to  properly  fit  her  for 
this  work,  and  estimates  for  the  purpose  are  submitted. 

OPEKATIONS  FOR  THE  COMING  SEASON. 

The  plans  submitted  to  you  contemplate  the  completion  of  the  suag- 
l>oat  Wright  and  current  repairs  to  the  balance  of  the  fleet,  together 
with  such  snagboat  work  as  the  funds  available  will  justify.  It  is 
thought  that  thirty-one  months'  work  can  be  accomplished,  distributed 
as  follows,  viz : 

HoutLA. 

MiHHiKsi))})!  Ki  v<*r •. lt» 

MisMMiri  River ^ 7 

ArkaiiHafl  Rivor tf 

Total M 

The  work  is  sitiiate<l  in  tlio  collt'Ction  district  of  New  OrleauH. 

The  amount  of  revenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  the  luu*:kl 
yi'ar  emUng  June  M,  1H>^),  was  J$l,  176,009. 57. 

The  connnerce  benetitt'd  by  the  work  is  that  of  tlie  entire  Mississippi  Valley. 

KSTIMATK   OF    AMorNT   RECiUIRED    FOR    FISCAL   YEAR   ENDING  JCNE  IW,  0^2, 

For  1)uildin^  one  small  iron-hulled  snagboat  to  (^arry  machinery  of  tme  of 

present  wooden  boats * ' |105,0U0  00 

For  rejuiirinjx  tMie  wooden  snagboat  and  fitting  it  u})  for  wrecking  pur- 
poses        50.000  0(» 

Fi»r  working   expenses  of  tive   boats,   ten  months  each,   at  $4,000  i>er 

month 300,000  UO 

Tt»tal 355.000  (K) 

Money  statement, 

July  1,  I'STIK  amount  available ^15;<,8:U  06 

Amount  a]>])ropriat«'d  bv  act  apj>roved  June  14,  l-^'^O 2t>0,  (HH)  00 

♦:«:^,  «3l  06 

.Fuly  1.  I'^HO,  amount  expeiuled  during  fiscal  year 150,9(>3  2!< 

July  1,  1HS<),  amount  available .-..     'iO-^,  CiW  ?«» 

Amount  that  can  bi*  ]>rofitably  expended  in  tiscal  year «'nding.lunetlO,  \>i**2.     *J55,  (KH>  (»0 


Q    2. 

IMl'KOVKMKNT  Ol'  MISSOrKI  KIVEK  AT  SAINT  CIIAKLFS,  MI880UKI. 

PliiiiN  ami  estimates  for  the  improvement  of  tbe  Missouii  Kiver  at  thin 
point  were  submitted  to  you  under  date  of  »Tanuary  2, 1879.  This  report 
was  published  as  House  Ex.  Doc.  No.  (>0,  Forty-fifth  Congress,  third 
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neBsion,  and  was  reprinted  as  Appendix  O  17  to  the  Aiiuiial  Keport  of 
the  Chief*  of  Engineers  for  1879. 

Congress,  by  act  approved  June  14, 1880^  appropriated  $25,000  for  this 
work,  which  during  the  present  season  will  be  taken  in  hand  and  pros- 
ecuteid  in  accordance  with  the  plan  proiK)sed. 

The  work  Ih  situated  in  the  collcctiou  district  of  New  Orleans,  and  the  nearoMt  port 
<if  delivery  is  Saint  Louih,  Mo.     The  neareHt  fort  ifl  at  Leavenworth,  Kans. 

Amount  of  rev<'un<'  <*oIlected  at  the  port  of  Saint  LouiH.  Mo.,  duriu*;  the  Hseal  veac 
oiulin^  June  30,  18dO,  was  ?l,l7G,(H)y.r)7. 

Money  stateinent. 

Amount  appropriated  l»v  art  approved  .June  14,' 1^80 jji-^T),  »J«Wi  00 

July  1,  lc<d<l,  amount  available 2rv<HK)  00 

Amount  (estimated)  required  for  completion  of  existing;  proj<M-t iVi,  <.KK)  00 

Amount  that  can  he  XiroHtably  expended  in  iiseal  year  endiufj; .June  iW>,  IBH'^.     .55, 0(K)  00 


Q  3. 

IMPROVEMENT  OF  MISSOURI  KIVEK  AT  (;EI)AK  CITY,  MISSOIKI. 

At  the  dati»  of  my  hist  rei>ort  *work  was  in  i)io^resK  on  a  mattress 
revetment  aloii*;  the  front  of  Cedar  City  aud  on  a  iloatiiig:  brush  dike 
designed  to  throw  the  river  out  of  Cedar  City  Bend.  This  work  was 
contiuue<l  as  far  as  the  small  appropriation  would  allow,  a  total  of  J, 100 
feet  of  revetment  being  built  and  1,900  feet  of  brush  dike.  The  brush 
dike  was  only  partially  successful;  the  rest  of  the  work  has,  however,. 
Htood  well  and  the  general  results  are  satisfactory.  The  works  will  be 
extended  during  the  present  season. 

Assistant  S.  W.  Fox  had  chargi*  of  the  work,  with  Assistant  T.  C. 
IJradley  as  local  c^igineer. 

The  work  is  situated  in  the  eoUection  <li»triet  of  New  Orleans,  and  tlie  iiearest  port 
of  delivery  is  Saint  Louis,  Mo.     The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  <'olleeted  at  tlie  port  of  Saint  Louis,  Mo.,  during  the  tiHcal  year 
ending  June  :M»,  Ihho,  was  $1,17<>,0<)l).r>7. 

Money  statanent, 

Julyl,  lH7y,  amount  available §f>,:nC  «» 

Aiuonnt  appropriated  l»v  net  aj>proved  June  14,  IS^) 15,«K)(>  00 

♦21,:UfiH0 

Jnly  1,  If^O,  amount  expended  during;  liseal  year .5, 902  &i 

July  1,  18H0,  amount  avaihihle 15, 41.S  l»7 


Aiuoiint  (<'stim:ited)  required  for  eompletion  of  existin;^  l)ro.je<'t 45,  tKK.>  (H) 

Amount  that  ean  he  ])rotitahly  expended  in  tiseal  jeareuilin^j.FunelJO,  1HH'>.     45,  (MM)  00 


KKTOltr   or    mi:.    >.    WATKUS   J-OX,    AS.SI.STANT   KNlilXKKH. 

Saint  Loiis,  ./w///  7,  IHH). 

Ma.i<ik:  I  hav<*  the  honor  t<»  Mihmit  my  rep<u't  of  the  im]n'ovem<'nt  of  the  Missouri 
Kiver  near  Cedar  City.  Mo.,  tor  the  tiseal  year  ending  .lune  30,  1H80. 

At  the  eloM'  of  the  ])reviourt  year,  .June  30,  1*^9,  I  submitted  a  rejiort  of  the  work 
flone  that  year,  a  project  for  the  expen<liture  of  the  fun<l8  available  at  that  date,  and 
u  general  plan  with  estimates  for  linal  improv<'nient  of  the  reach. 

In  fteeonianee  with  the  project  work  was  continue<l  rtn  the  weed  dike  (M)nmuMie(*d 
laRt-  year  at  the  head  of  the  bend. 

The  June  rise  greatly  impeded  the  jjrogress  of  the  work.  It  was  not  until  August 
12  that  the  dike  was  ei)mpl<>ted.    The  amount  of  funds  available  at  the  time  was  so 
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Hinall  that  iield  operations  were  stopped.    The  property  was  invoiced,  and  left  in  the 
care  of  a  watchman  at  C*edar  City.    No  attempt  was  made  to  collect  physical  data. 

The  dike  was  obviously  desij^ied  to  eaus<'  an  accretion  in  Cedar  Bend,  and  ulti- 
mately to  shnt  ott'  its  water  eutii*ely. 

The  weeds  were  aneliored  in  donhle  line  from  the  shore  out  1,200  feet;  from  there  a 
sinj^le  line  700  fe(>t  lon^  was  ]>ut  in,  making  an  angle  of  'i5  degrees  down  stream  with 
the  former. 

The  styh»  of  weed  a<l<>pte<l  was  nearly  identical  with  that  described  in  my  ivpon 
last  year  of  the  improvement  of  the  river  near  (jllasgow,  Mo. 

The  number  of  weeds  in  the  dike  was  314,  the  total  cost  of  which  was  ^1,545.9^,  or 
|4.i>2  per  wee<l  in  place.  A  lill  of  3  feet  was  re(;onled  August  2,  and  another  of  4.14 
iViet  August  10;  since  then  no  soundings  have  been  taken.  With  the  exception  of  a 
shallow  thread  of  water,  whieh  was  at  no  time  entirely  stopped,  the  bend  was  dry 
during  the  low  stage  of  river.  After  having  bet^n  imbedded  in  silt  and  exposed 
for  a  length  of  time  to  the.  a lt<;rnate  action  ot  sun  and  water,  weeds  are  seldom  able 
to  rise,  even  if  free  to  do  so  with  a  reffini  of  high- water.  This  effect  is  therefore  t^.'m- 
porary. 

When  I  visited  the  work  on  the  22<1  of  June,  not  5  per  cent,  of  the  number  of  weeds 
put  in  were  visible,  the  water  being  fnmi  2  to  5  feet  over  them.  Hut  little  damage 
was  being  d<me.  however,  to  the  bend  below;  fully  75  per  cent,  of  the  river  passed 
down  the  <rhannel  lU'Xt  to  the  bluffs  on  the  right  bank. 

In  th«^  ui)}»er  bend  the  left  bank  ha<l  receded  along  its  entire  length,  more  n^nice- 
ably,  however,  in  the  lower  half.  The  point  at  the  extreme  lower  end  of  the  bend 
wears  rapidly  during  a  high  stage  of  water;  thus  the  crossing  is  lengthened'* and  the 
pressure  on  the  <like  lessened.  The  inerease<l  i»ressure  brought  to  bear  upon  the  tow- 
liead  has  greatly  diminiphcd  its  size. 

The  bar  in  front  of  .Jeiferson  City,  wliieh  bad  been  forming  for  some  time  previtms 
to  the  const rurrtion  of  th<^  <Iike,  ha^s  disapp'ean.Hl,  so  that  boats  can  land  at  any  de- 
sinnl  point  ahmg  the  town  front.  The  revetment  along  the  left  bank  in  fn»i;r  of 
i'edar  City  is  still  intact.. 

Hofore  (^losing  I  wish  to  acknowledge  the  siu'vices  of  Mr.  T,  C.  IJradley,  the  assist- 
ant, under  whose  tlirect  charge  the  work  was  earrie<l  on.     Much  credit  is  due  t«f  him 
for  the  intelligence  and  energy  with  which  he  acquitted  himself. 
I  am.  major,  with  great  respert.  your  obedient  servant. 

S.  Wateks  Fox, 

Maj.  ('has.  H.  Sitp.k. 

t'orpf*  of  hiiiiineiif,   ('.  S.  A. 


Q  4. 
IMPKOVKMKNT  OF  MlSSOl'KI   KIVKK  AT  (JLASOOW,  MISSOrKI. 

At  tin*  (late  of  my  last  annual  report  a  considerable  aniouut  of  work 
had  heeji  already  done  at  this  i)la(»e  in  the  construction  of  floatiDg 
brusli-dike.s  d(?si<;jned  to  force  the  river  channel  away  from  the  ri^ht 
bank  of  the  bend  above  (Jlasgow,  Mo.  This  work  was  continued  during 
the  past  season,  2,.»^'*  ^<-*^t  of  brush  dike  having;  been  put  in  and  1^900 
ieet  of  bank  protection  (tonstructed.  The  results  of  this  work  have 
been  satisfa(*tory,  and  the  system  will  be 'extended  during  the  present 
season.    The  work  was  in  charge  of  Assistant  S.  W.  Fox. 

The  work  is  situated  in  the  «'ollection  distrirt  of  New  Orleans,  and  the  neareNt  yorx 
of  <lelivery  is  Saint  Louis,  Mo.     The  nearest  fort  is  at  Leavenworth,  KaDR. 

Amount  of  revenue  colh-cted  at  Saint  Lcuiis,  Mo.,  during  fiscal  year  ending  Juiif  'M\ 
I'-HJ,  \vassl,l7r),(M»l».:)T. 

Money  statrmcnt, 

July  I,  l*7i».  anioMuT  axailabli- 4^1,642  2i 

Amount  appi'opriaTeii  hv  art  approved  .liine  14.  IS-^O 2f), (KM)  U(> 

July  1.  Ir^io.  auiomii  expendt'd  iluriiig  fiscal  year CJ,tkt2  42 

Jnly  1,  l>^so.  anioiiiit  availahh* 21,0(1^  *2 

Anioinit  (estimated!  re»|uire.d  for  nmiphaion  of  existing  project ilH,lKH»  (H) 

Amount  that  can  he  profitably  expended  in  tiseal  year  ending  June  30, 1682.     SI(^,(KiO  UO 


'/ 
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REPORT  OF   MR.   H.    WATERS   FOX,    ASSISTANT  KNOINUER. 

Sai.nt  LoLis,  July  0,  Itfc'O. 

Major  :  I  have  the  }u»iior  to  submit  my  report  and  the  aocompauying  maj)  of  tlie 
improvemeut  of  the  Missouri  River  \u  the  vicinity  of  Glasgow.  Mo.,  for  the  fiscal  year 
enainff  Jnne  30,  18^. 

At  the  close  of  the  previous  year,  June  30,  1879,  I  submitted  a  report-  of  the  work 
done  that  year,  a  ])rojcct  for  the  expenditure  of  the  funds  available  at  that  date,  and 
a  general  plan  with  estimates  for  the  improvemeut  of  the  reacli  from  Caml>ridge  Bend 
to  Glasgow. 

It  will  be  noticed  that  the  project  was  not  strictly  adhered  to,  liut  revised  at  times 
to  meet  the  demands  occasioned  by  a  change  of  regimen. 

Daring  the  year  there  was*  construe  ted  2,385  feet  of  weed  dike,  and  1,900  feet  of 
Mhore  protection  ;  these  figures  include  the  repairs  made  to  dikes  across  No.  4,  and  to 
the  shore-bar  protection  ;  in  addition  the  railroad  dike  was  repain^d. 

A  hydrographical  survey  and  two  shore-line  surveys  of  the  entire  r<*ach  were  made 
and  platted. 

For  a  description  of  the  weeds  I  beg  leave  to  refer  you  to  my  report  of  last  year. 
The  shore  protection  is  described  in  this  report. 

In  accordance  with  the  )»roJect  the  lirst  work  contemplated  the  completion  of  the 
weed  dike  at  the  head  of  the  shore  chute.  The  work  was  carried  on  under  special 
difficulties,  arising  chietiy  from  exposure  to  the  drift  of  the  June  freshet.  When  com- 
pleted, July  9,  the  dike  contained  60  weeds,  anchored  in  double  line  fi*om  the  shore 
250  feet  out.     In  a  short  time  the  chute  was  practically  closed. 

On  the  14th  of  July  work  w  as  commenced  on  the  weed  dike  proposed  for  up|>er  end 
of  the  middle  bend.  Ninety-four  weeds  were  anchored  in  double  line,  from  the  shore 
oot4r)0  feet.  At  this  time  the  current  made  a  long  crossing  from  the  left  bank,  at  a 
point  nearly  op])Osite  Cambri<lge,  impinging  on  the  right  bank  tirst  at  a  ))oint  ashore 
distance  below  th<j  location  seli.'cted  for  the  root  of  the  dike;  here  (and  indeed  for 
nearly  the  entire  length  oi'  bend)  the  bank  was  caving  rapidly.  From  the  time  of  its 
completion  to  date,  no  erosion  of  the  right  bank  below  for  a  distance  of  2,000  feet  has 
occurred  ;  a  shore  bar  now  extends  from  the  dike  down  about  700  feet. 

As  the  high-water  passed  off,  it  was  noticed  that  there  were  several  breaks  in  the 
dikes  across  No.  4  chuie ;  these  were  repaired,  and  two  auxiliary  dikes  juit  in,  one  nx 
the  upper  end  'iOO  feet  bnjg,  and  one  at  the  1ow<t  end  100  feet  long. 

Work  was  then  coninicnce<l  at  the  railroad  dike  as  proposed.  Sixty-ono  weeds  were 
anchored  in  single  line,  extending  from  the  end  of  the  solid  dike.  As  the  river  was 
quite  high  at  this  <late,  it  was  thouglit  best  to  wait  for  lower  water  before  putting  in 
the  revetment  pro}»oscd  for  the  right  bank  below  the  railroad  dike.  On  the9tuof 
August  the  (Mitire  force,  with  the  exception  of  the  watchman,  a  draughtsman,  and  a 
clerk,  was  <lischarge<l.  On  the  I4th  of  August  a  cut-otf  occurred  at  Bushwaeker  Hend 
which  shortened  the  river  5  miles,  the  fall  in  this  distance  being  5.2  feet. 

On  the  15th  of  August  a  reoonuaissance  of  the  entire  reach  was  mad(>,  and  the  fol- 
lowing notes  taken,  viz: 

The  current  no  longer  folio w<'d  the  left  bank  of  Cambridge  Hend,  but  made  a 
crossing  through  the  bar  and  attacked  the  shore  baron  the  right,  some  distance  above 
the  front  of  Cambridge.  This  was  a  very  desirable  change,  as  it  promised  a  landing 
t«  Cambridge.  The  current  ent(Te<l  the  Middle  Bend  in  a  direction  parallel  to  the 
right  bank,  and  was  doing  little  damage  except  in  the  lower  part  of  the  bend  ;  here 
a  deep  pocket  was  cut.  The  lower  side  of  the  pocket  is  composed  largely  of  gumb(». 
From  this  the  current  was  delivered  in  a  direction  compelling  a  short  crossing  to  Har- 
rison's Island.  This  con<lition  of  affairs  caused  the  formation  of  tlie  large  shore  bar, 
before  which  the  Harrison  Island  shore  line  receded  slowly.  Leaving  the  island. 
another  short-  crossing  was  made,  the  current  impinging  on  the  shore  bar  about  450 
feet  above  the  western  en<l  of  the  dikes  across  No.  4.  The  dik<>s  were  in  compara- 
tively quiet  water,  the  current  lying  north  of  them  and  ruuning  parallel  to  them. 

Before  reaching  the  tow-head  the  current  divide<l  au<l  entered  three  distinct  chan- 
nels.  For  convenience  of  reference  I  have  numbered  them.  commen<'ing  at  the  left 
bank. 

The  head  of  No.  1  was  (piite  shoal  and  very  much  obsfnnrted  by  snags  and  rock 
heaps;  there  was  a  heavy  draw  over  to  it,  however,  and  it  is  possible  that  a  prompt 
removal  of  the  obstructions  mentioned  would  have  rendered  it  a  navigable  channel. 

No.  2  was  a  new  feature  in  the  topograi)hy  of  the  river,  and  at  that  stage  of  the 
river  was  navigable;  at  the  hea<l  there  showed  a  (i-foot  channel,  with  a  bottom  of  com- 
pact gravel  and  occasional  bowlders. 

No.  3  was  carrying  CO  ]>er  cent,  of  the  river.     Its  channel  hugged  the  eastern  shore 

of  the  tow-head,  and  delivered  the  wat^^r  with  a  velocity  of  about  4  miles  per  hour 

.against  the  main  right  bank,  and  in  a  direction  approximating  a  normal  to  its  shon^ 

line;  conse<iuently  the  caving  was  heavy.     Below  this,  there  was  no  change  worthy 

of  note.  ( 
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On  the  17th  of  Aii«j;ii.st  tlic  watchman  reporti'd  a  8li<lo  of  the  bank  immodiati'ly  above 
jind  below  th»*  railroad  dike,  and  that  the  dike  itself  had  Aottled.  After  a  close  ex- 
aminatiou,  I  attributed  the  trouble  Ui  reef  artion  above  the  dike,  which,  by  causing 
excessive  scour  alonj;  the  base  on  the  np)>er  side,  out  through  the  stratum  of  blue 
clay  or  gumbo  on  which  the  dike  n;Hte(l,  and  attacked  the  (|nicksaud  underueatk. 
The  structure  thus  left  without  sup]>ort  settled,  carrying  with  it  as  much  of  the  bank 
an  adhered  to  it.  l)y  means  of  brush  weighted  with  bagb  of  gravel  ami  sand  thrown 
in  above  and  Im^ow,  the  scour  was  stop))ed,  but  not  until  the  dike  had  settled  4  feet. 
In  the  mean  time  the  river  wa^  eucroachiug  on  the  shore  bar  at  head  of  No.  4,  and  it 
bceauu'  lU'cessary  to  proti'ct  it. 

It  wouhl  have  been  advisable  to  have  revett^nl  it  at  once  with  brush-mattress  work, 
but  this  meth(Kl  could  not  be  cut^'rtaiiied  at  the  time,  as  it  would  have  drawn  too 
heavily  on  the  allotment  for  the  revetment  i)ro]>osed  tor  the  right  bank  Ixdow  the 
railroad  dike.     The  1'oUowing  metlKwl  was  ado]>ted  a««  an  expedient,  viz  : 

ijarge  bundl(\s  of  dogwo<Kl  lu'ush  were  sunk  along  the  line  of  the  old  shoi'e.  the  top 
being  free  and  lajqiing  each  other;  similar  lines  of  brush  were  run  out  to  this  from 
several  points  on  shore,  thus  forming  a  sort  of  hurdle  system. 

During  the  progress  <»f  the  work,  as  an  experiment,  I  had  made  liUO  feet  of  crurtaiii 
(identical  in  construction  with  the  willow  curtain  descril»ed,  anditsed  tirst  by  Mr.  L.  K. 
Cooley.  assistant  in  charge  at  Nebraska  City):  this  was  cut  in  lengths  of  :{U  feet,  and 
put  in  as  a  I'evetinent  at  the  upper  end  of  the  hurdle  work  just  described.  Tliis  work 
was  com]deted  August  24.  At  that  date,  No.  4  was  silting  up  very  rapidly,  and  revet'* 
ment  si*emed  unnecessary,  as  far  down  as  the  iM)int  where  the  current  fnnn  No.  II 
impinged  on  the  right  bank:  here  and  for  some  distance  below,  as  already  Ntatetl, 
the  caving  wjis  heavy.  To  hold  a  bank  successl'ully  under  snch  conditions  as  obtained 
here  would  iiMpiiiu*  a  revetment  that  would  follow  the  scour  to  its  last  limit  if  necoH* 
sary. 

With  the  hope  of  avoi«ling  so  expensive  a  revetment,  it  was  thought  advisable  to 
ccMistruct  a  weed  diki*  at  the  head  of  No.  :{.  that  would  throw  the  channel  further 
down,  if  not  entirely  out  of  the  chute.  About  ^iiM)  fiM*t  of  the  <tike  had  been  completed 
whvu  ordei-s  were  re<'eivtMl  to  suspend. 

On  the  *4'2d  September,  the  pro]K?rty  was  taken  to  («lasgow,  and  an  inventory  made; 
tin*  boats  were  hauled  out  on  the  bank  and  covered,  and  the  sum  Her  articles  .stoiinl 
in  a  wandiouse. 

On  the  :2t5tb  a  slion'-liiie  survey  i»f  the  reach  was  conuueiiced.  It  was  iinisbed  on 
the  '•ilHli.  On  the  *ir)tii  of  ( )rt«»ber  a  break  occurretl  at  the  un]»er  end  of  the  shore  bar 
]irotection,  and. by  tlir  1st  of  N«>vember  nearly  all  4)f  the  work  hml  been  carried  away. 
On  the  IU\  of  NoviMiibrr  ]ireparati(uis  were  commenced  for  revetting  the  bar  with  cur- 
lains.     The  method  of  construction  was  as  follows,  viz: 

WiHow  brush  was  sj'lectrd  of  lengths  not  h'ss  than  IJT)  feet,  and  from  2  to  4  inches  at 
the  buMs.     S<'v<;n  (men)  weavers,  provided  each  with  two  shuttles  of  No.  11  wire,  were 
distributed  along  tiu*  length  of  the  brush  at  <listances  of  about  4  feet.     The  wirt^  from 
each  shuttle  lieing  made  fast  to  the  tii'st  brush,  one  of  each  pair  was  laid  back  fn>ni  the 
^^4SlV('r.  an<l  the  other  retained  in  the  hand:  a  second  willow  was  then  laid  ou  the 
wire  parallel  to  the  tirst  and  ))r(>ssed  <'lose  to  it  :  the  shuttle  held  in  the  haiiil  waH  then 
laid  back  from  the  weaver  and  the  other  taken  up.  when  a  third  willow  was  laid  iH 
and  the  operation  repeated.     Thus  the  wire  from  each  ^>lluttle  passed  alternately  over 
our  brush  and  under  the  next.     When  live  pieci's  had  thus  been  woven  in,  a  close 
twist  of  about  '.\  inches  was  made  by  a  rapid  ex<'han«(t^  of  shuttles  from  one  hand  to 
the  other.     The  weavers  re<*eded  from  the  start  in  straight  lines  parallel  to  each  other. 
They  were  nuide  on  the  ^j^round  where  the  brush  wjis  cut.  and  ndletl  up  in  lengths  of 
7.'»  tret,  this  iK'ing  as  large  as  could  be  conveniently  han<lled.     Seven  weavers  with  one 
helper  will  weave   l.'j.OOO  s»inare  teet   per  day  of  ten  hours.     Six  of  thes4>  rolls  were 
made  and  taken  to  the  u])per  end  of  the  cavin;^:  bar  and  unrolled  on  the  water;  they 
were  .then  tloatrd  into  position  and  linked  togeth<'r  .so  as  to  form  a  continuous  n^vetment, 
the  brush  lying  normal  to  the  sIkmt  line.     After  the  ui>pe.r  end  had  been  well  hnule^l 
and  sunk,  it  rei|uired  very  little  additional  weight  to  bring  the  entire  length  in  contact 
with  the  bottom. 

On  November  11  the  ri\«'r  eoninieiieed  to  rise,  and  in  a  few  days  was  7  feet  over  fho 

shore  ♦  d;'e  of  the  revi'tuient. 

The  work  was  visiteil  November  2*K  The  revetment  was  intact,  but  the  high-water 
had  cut  a  ben<'h  baek  <»ver  it  in  plac«'s  *2i}  feet.  About  275  feet  of  the  cdd  dike  ai*roHs 
No.  1  had  beiMi  «-ntirel\  washed  out.  A  strong  current  was  running  thnnigb  the  gap 
and  had  already  .seonred  out  a  eoiisiderable  ehaiinel  thrmigh  the  deiumit.  Iiistnic- 
t  ions  were  receiNeil  to  <  niitiuue  the  revetment  to  the  old  line  of  dike,  and  to  ch>H«^  the 
Iffip  with  curtains.  Aeeor«lin;rl.\  <><M)  feet  of  icvetnient  and  4X)  feet  of  curtain  dike  was 
]iut  in.  The  revetment  was  eonstrueted  in  the  same  manner  as  that  juM  deHcrilHMl. 
The  curtains  for  the  dike  ditVen'tl  fnmi  tliosi'  of  the  revetment  only  in  that  the  bnuiU 
was  woven  from  <>  to  in  inehes  apart,  the  wire  being  twisted  bet wecMi  each  bruab. 
'J'hey  were  anehored  in  ien;^tii>  of  7.'»  feet,  the  luight.  of  tlio  iMirtuiii  being  the  len^b 


Mthu 


while 


Ko.  U  was  carrying  fiom  6&  to  70  per  cent,  of  the  wst«f,     8oiindlii){B  ei 
n  its  bead  of  ti  to  U  leet 

Jime  IT,  the  reach  waa  visitud  and  the  fulluwinguutcd,  viz :  The  rioht  baukia  front 
Itt  Cambridge  had  wiiru  back  within  a  fevr  feet  of  the  old  city  nbarf  landing.  A 
croaaing  wao  mmJe  from  the  nharf  to  the  left  banb  al  tlie  head  nf  Harriann'a  iHland 
Chute,  where  aoine  cutting  was  taking  place.  From  a  point  nearly  oppoait?  the  dike 
in  the  middle  hend^  the  current  divided  and  entered  tno  cbannelH ;  oue  bnejliiig;  the 
ghure  liue  »t'  the  nglit  bank,  the  other  ahaplng  aroiiiid  aexi  la  the  iBlsod.  The  two 
unititig  [^;aiii  at  the  lower  end  of  thr  bend,  and  hen*  tbi'  right  btiiik  was  cutting  rapiiU;. 
Cousiiterable  watem as  running  in  Nn.  4  through  n  break  at  the  lower  end  of  the  dike, 
Tbe  shore  protection  wasintact;  Ko.  3  wea  quite  Nhoal,  but  wait evideutlyBcouriog  out. 
No.  a  was  cBTiying  the  most  water. 

The  year's  work  ha>t  afforded  opportuuity  for  the  study  of  (he  merits  of  iudividosl 
weeds  In  pemieaTile  dikes.  The  results  obtaiued  from  weeiis  of  the  Brownlow  type 
were  never  complete,  and  always  temporsry.  In  a  dike  conBtnivtedof  them  there  wiU 
necessarily  Ije  large  (ipenings  between  the  weeds  (especially  near  the  bottom)  through 
which  water  will  Uow  with  disaiitrous  effect  to  the  accretions  below.  This  action  be- 
oomes  niOTB  apparent  as  the  branchrs  of  tbe  needs  cloj;  up  with  rootlets  and  the  uenal 
ddbris  of  Bilt-Wariiig  rivei-s.  oftentimes  iiroduoing  euffltient  scour  around  the  anchor 
to  carry  it  and  tbe  weed  many  feet  out  of  line.  The  continued  nioTioD  (often  one  of 
rotation  about  the  core  aa  an  axla)  causes  the  loss  of  a  number  of  weeds  by  parting 
the  counection  at  the  anchor.  If  a  doat  is  defective,  or  becomes  detached,  the  weed 
to  which  it  belongs  is  lost.     A  break  in  a  dike  of  this  kind,  if  not  dosed  promptly. 

The  most  esseiitisl  teqnisitlnn  of  a  permpahle  dike  is,  undoubtedly,  homogeneity. 
This  has  been  nearly  realised  in  the  curtain  dike,  which  is  very  efleclivn. 

It  Is  necessHr.v  to  provide  some  menus  for  ibeir  support  other  than  fluats,  which,  if 
not  detached  by  drift,  or  made  ioeffuctive  through  a  leak,  will  be  dragged  noder  in 
time  by  t]ie]>u11on  the  curtain.  A  t'raniiug  has  beeiisnggested  and  will,  1  think,  prove 
effrctive. 

The  curtain  revetment  described  has  been  snoceasftil,  and  its  use  is  recommended  in 
aiintlar  cases. 

Since  tbe  survey  of  the  reach  in  November,  l@Tg,  there  hasoconrred  no  chauge  in  the 
legimeu  of  till-  river  which  would  necessitate  nti'iinportaut  change  in  the  general 
TOcrjoct  for  tbs  improvement  of  it,  as  aubmii  ti-d  to  voii  by  Capt.  Thomas  H.  Handbury, 
Corps  of  Eugineers,  U.  8.  A.,  in  a  report  diitpd  .Iftunary  16,  1m79, 

The  proposed  sbore  linea  areabowu  on  a  tiiitiii;!  wliii'li  uciouipiinirs  this  report.  In 
brief,  It  is  [.roposedtorffect  a  pormaueut  sIium  Imr-  In  ttif  ii(.]u>r  portion  of  Cambridge 
Bend,  fmm  which  a  crossiug  will  b«  made  i"  tin-  liliiit-  <•(  Cambridge,  when  the  cur- 
rent will  be  held  parallel  to  a  revetted  curved  shmr  line,  down  Co  tbe  poiut  where  a 
Joond  crossing  will  be  made  to  the  bluBs  oi  Gliu,);un'. 
it  is  impossible  to  anticipate  with  certainty  the  di-taila  of  construction.  In  general 
tma,  penueaUle  works  will  bensed  torectilj  the  shores  to  the  desired  aligmeut,  when 
•y  will  be  revetted  if  necessary. 
A  Long's  scraper,  or  similar  appliance,  conld  be  used  to  advantage  in  such  ptacj^s  as 
Mtbe  heads  of  Nos.  I  and  i,  wbei'e  it  is  desirable  to  deepeu  [he  channel  through  gravel 
and  bowlders,  material  too  heavy  to  be  removed  by  any  ordinary  curreut, 

Before  closing,  I  wish  to  acknowledge  the  Talnable  assistance  rendered  by  Messrs. 
James  Sanderson,  Arthur  J.  Frith,  and  othem  of  my  corps  of  assistants. 

I  am,  miijor,  with  great  respect,  your  obedient  servant, 

8.  Watkrs  Fox. 
Aititlant  Engmrtr. 
aj.  Cbas.  K.  Suteb, 

Corpt  of  Engineers,  U.  S.  A. 


Q5- 

IMPHOVBMENT  OF  MISSOURI  RIVEE  AT  LEXINGTON.  MISSOURI. 

FThe  situation  at  this  place  is  very  siiuilar  to  many  otiiers  oq  tlmrivt 
"lere  improvemeuts  are  now  iu  progrfsa ;  that  is  to  say,  the  rapid  eix)- 
bu  of  tbe  left  bauk  iu  the  beud  just  above  Lexiugtou  is  allowing  the 
*   '      iver  to  move  bodiJj'  down  stream,  aud  if  not  cheuked  will  sooa 


1410     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    U.    8.   ARMY. 

destroy  entirely  the  harbor  aud  boaMandiiig  at  LexiDgton.  The  plan 
proposed  contemplates  the  protection  of  caving  banks  by  brash-mat- 
tress revetments,  and  the  construction  of  floating  dikes,  designed  and 
located  so  as  to  rectify  the  channel.  The  appropriation  made  by  Con- 
gress at  its  last  session  will  be  expended  ni  the  prosecntion  of  this  plan. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  aud  '.he  neareiet  port 
of  delivery  is  Saint  Lonis,  Mo.    The  nearest  fort  is  at  Lt^avenworth^  Kans. 

AiiuMint  of  revenue  colh  cted  at  the  port  of  Saint  Louis,  Mo.,  during  the  fiscal  year 
ending  June  30  1880,  was  $l,17r),0()9.G7. 

Motley  statement 

Amount  apnropriatid  by  act  approved  June  14,  1880 $15, 000  00 

July  1,  IHttO,  amount  available  15,UO0  00 

Anu>unt  (« stimated)  required  for  completion  of  existing  i)roject 35, 000  00 

Amount  that  can  be  ]>rotitably  exi)end(rd  in  Ht-va,]  year  ending  June  3(),  1882.     35, 000  00 


Q  6. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  KANSAS  CITY,  MISSOURI. 

Work  at  this  ])oint  consisted  in  repairs  of  tlie  floating  brush  dikes, 
constructed  earlier  in  the  season,  and  in  the  buihliug  of  5,U4'J  feet  of 
bank  revetment  above  the  shore  end  of  the  brush  dike.  These  works 
have  given  satisfaction,  and  will  be  continued  during  the  present  season. 
The  revetunait  used  was  very  cheai)  and  etticjient;  a  description  will  be 
found  in  the  appended  report  of  Assistant  John  W.  !Nier,  who  bad  charge 
of  the  work. 

The  work  is  sitnat'ed  in  tlie  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.     The  nearest  forr  is  Leavenworth,  Kans. 

Amount  of  revtiuue  collected  ar.  Omaha,  Nebr.,  during  iisual  3'ear  ending  Jtine  30 
1880,  was  $3,605.21. 

Money  statement, 

July  1,  1879,  amount  available $22, 6(57  53 

Amount  appropriated  by  act  approved  June  14,  1880 25,000  00 

147,667  53 

July  1,  1880,  amount  expended  during  fiscal  year 22,510  57 

July  1,  1880,  amount  available ^,156  96 

Amount  (cNtimated)  re(]uiie<lfor  completion  of  existing  project 37,810  00 

Auiount  that  can  be  profitably  ex[Nrnded  in  fiscal  year  ending  June  30, 1882.  37,  blO  00 


REPORT  OF  MR.   JOHN  W.   NIKR,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  July  5, 1880. 

Major:  1  have  the  honor  of  submitting  the  following  report  of  operations  on  tbe 
improvement  of  the  Missouri  River  at  Kansas  City,  IVlc).,  for  the  fiscal  >ear  endina 
June  :{0,  1880.  The  work  of  the  past  season  has  be<>n  that  of  couipletiiig  the  weed 
dike  in  process  of  construction  at  the  time  of  making  my  last  report,  and  the  revet- 
ment of  the  banks  in  Upper  Kaw  River  Bend.  At  the  concluMon  of  this  portion 
of  proposed  improvement,  the  entire  appropriation  made  for  this  w<irk  was  expended 
and  operaiions  \^  ere  forced  to  a  close  for  the  want  of  funds.  It  is  to  be  regretted  thst 
the  amount  available  for  expenditure  on  this  work  was  so  SDiall. 

Ihe  radical  changes  that  the  Missouri  River  constantly  nndergoee  makes  it  exceed- 
ingly diilicuh  to  locate  with  any  degree  of  permanence  any  constmoiion,  when  the 
scanty  tunds  through  necessity  make  it  very  limiied  in  extent.  On  eveiy  improTe- 
ment  of  a  special  reach  on  the  Missouri  River,  there  sie  certain  pointaor 
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OTHra  Kliicli  thx  GBtiDiatt's  for  the  c< 


vit'al  to  the  plan  or  Buheme 
.  _.  of  tb<i  eatiri:  work  U  njade.  Tbcsn  plaices  ars, 
tably  prntectrd  Hgalnat  »ll  nrdinnry  contingeocTe*  which  may  nriso, 
Mikjuct  to  The  fill]  force  uf  thi^  curreut  Htri king  thfm  at  aiJgl-H,  the  solec»Dsaof  which 
is  a,  chnn^fo  in  lli>'  airiam  bo<l  on  Boine  ntach  above  whicb  baa  be«n  neci^BsHrily  neg- 
li'i'fi'il  I  l:i<<i]^li  ;!  i«ii  liniitpcl  appnipTiatioii,  The  Buccetdinfc  a|ipropriatioii  miiat  then 
bi'  ii~til.  Ill  ;i:irl.  Ill  A'liair  Jaiiia^H  ariaiDS  from  flooiLa  anil  olbcr  caiisea,  whk'b  eoiUd 
biivi'  iii'i'ii  inoiiU'il  liiiil  thi'  work  bepn  snfBciently  ext^nnivp.  The  amount  of  repairs 
diiiii'  li  I  .iiiM'  III  ilii'  vi-ry  limited  work  put  in  Inal  bi-hmid  has  been  fmall,  yet  it  has 
'  ....         I         .1  ...    f  nork  done  below  that  estimated  as  posHihle 

irurlfd  Inat  yearhna  been  marked.  Its  eSert 
iii<-  on  Ihe  Kanana  ai'lenf  Ihu  river  throngh 
I'biirfre  of  the  atreain  h>nk  placH.  The  iliinia- 
M  wiiH  fb«.-n1»r[!""'"nf  of  thei'hute  Imth  by 

11111(1  II  iiit-i>il  iir.iiui'il  through  a  large  ialand 
ii^li  ilir  III. Mil  iitilii.  Ii;ir,    This  bar  wiw  abunt 

I- 111  111'  111  III  ill-.  iiiiirai<-  portion  of  Lower  KftW 

nl  b.i'  ILi'^B''  iliaugL-i-  bei-aiiie  the  ret'i'ptacle  (or 
«bicb  ttce  11  inula  led  so  rapidly  that  the  low- 
10  fB.-t,  while  it  conlraeted  Iroiu  l.MOO  fret  in 
channel  of  the  stream  is  now  noihiii);  mnre 
chaonel  by  a  large  ereaceni-shaped  iiar. 


Kilb  Lb.-  ;ti 
The  eflVi 
hioh'.im'i 
ale  etFi^ct 


BiverBelid,  «hlcb  luiil  ].ri.Miiii,..|v  lin- 
Itm.  Tlieoldcbaijui'l  <i.  ibu  luK^r  bt 
klsTge  ouiount  of  drift  uud  lieiliineut 
%ater  depth  woti  reilnced  from  30  frt-t  t 
'^tdth  to  lf.0  feet.  Wbat  was  the  mail 
chute  Ri>])uraled  Trii 


the 


d  the  June  riiw'  b<«u  of  ibe  niiiial  ilitrHtion  the  reaiilta  of  the  work  would  hui 

s  WaalioMl,    Tbeae  resiilta,  whieh  are  directly  attributed  to  a  small  bnt  effl- 
t  coiifitriictioii,  fwiiut  to  the  feaHibility  of  removing  the  river  from  Liiiwvr  Kaw 
T  Briid  and  avertiiiE  the  ilHdfier  ofa  ent-off  iioilh  of  KanBim  Citv  Bridge. 
pThe  Kaw  or  Kannaa  Riv<'i'.  wbusr  liiin'tioti   >vilb  the  Mlxsimri  ia  but  1^  iiiileH  from 

Ige  and  causi«  a  Imi-MnK  ii|>  <>1  I'n'  ^v^lll'l-.  m'  ilir  .Ml.~...iiuii.  An  iiiiiiNiuil  ii.<|i.isit  of 
ill  the  MisHutiri  tbi'ii  ii<;...iii><.  uliiib  iu  liiiii  .liinii^  d<f.iliiihi>!  Muji'^  !<■  uitain 
|bked  up  and  carried  oil'.  Thi>-  uclitiii  tiiuils  to  luld  Lu  iJii'  iiistubility  u(  the  Htream 
jr  AgKravating  the  emsiou  of  the  banks. 

JfTo  lUTive  at  intelligent  reaul  a  in  coniiectinn  with  construction  work,  (requput  bui> 
^^^  'S  Hud  nbaervstl'ina  on  its  effects  are'neceHsary.  These  were  made  as  often  oa  dewred 
4pd  consisled  of  two  snrveys  extending  from  Qaiiidaro  to  Kauaas  City  Bridge,  and 
re|cubir  obaervalious  on  oioait-Beetlona. 

Crosa-aection  work  was  ooulined  to  the  seultotis  laid  out  in  June,  and  a  new  set  laid 
«nt  ill  the  aame  locality,  tbose  laid  out.  first  beooiulng  uauless  for  further  obavrvation 
after  the  June  rise,  lieoanae  of  changes  lu  the  chunnel.  A  set  of  aeutiims  pxtending 
along  (he  revetmint  work  100  feet  apart  was  laid  out  aud  auunded  once  fur  future  re^ 
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cession  of  ilie  shore  line  by  a  uniform  rati 
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1  Line  Crei'k  C'rosi 
if  uuttiuu 
it  will  be  seen.is  worMngn  ubuiige  iJial  tniiM  Hborily 
■    ■■       fiivMBeud.    A  CI     -  ■    - 


work  put  in  Kaw  fl 


of  this  |M)iti»u  iif  the  riviT  ahcws  the  necBWily  of  oonlluiug  Ht  least  u  p»riiiiii  iif  a 
traHou'a  opiniiioiin  lo  sloppiri);  the  cutting  along  tbeae  bunka  anil  cotiirniilii^  tb» 
chuniiE-l  nil  tlip  ii'iifwiuft  optiiiMilH  the  mouih  »f  Linn  Creek.  Ir  Is  believed  tliiii  with 
till  Hii>|i|ilii):  lit  ,'i<».iiin  of  llie  banks  below  Qiiindaro  Bluffii  Hint  work  Cttu  be  f<«niin- 
ii.-d  iii(illi;jriLi!\  11  ill]  iissiiraneesof  sueciisn;  iilherwiseaiiy  conslruetiim  iu  KawHiver 
Bi'tiit  \\i\\  111  II  iM<-ii~iii'r  be  tern iiiirory  only,  HO  lung  aa  thai,  part  of  the  ittreaiu  ia  left  to 

w  of  Bcqoirine  pbyt-ical  dtita  iu  the  hydraulics  of  tha 
(,'b  Bonie  prnliniiuAry  itteps  were  tnken  with  that  end  In 
nf  available  funds  did  not  allow  of  securing  aildiUuual 
Nimuiid  was  inadequate  to  the  tuak. 
II  imnLlier  "f '■  tn-e  weeda,"  with  oil  burrela  j 


.fdril 


.like,  r 


n  to  those  pullnl  .jiii.      .•^.■ihi-   ml' in il   im'iiI-   h    l.n;;.  i    iIniii   iiiiy  iiii'Vioiisly 

d  were  plaenl  wlurc  striliii;;  ..r  sinking;  iil"  llii-  ihUi'  iiiijii  iiiiil  in  lirn oiirri'd.     In 

y  a  violent  eddy,  evidenily  .■hiihiiI  bv  the  sbiirei-ml  nr  tlii-  ililte  lieiiig  tiio  snlid,  cut 
ilxTse  Hvmiclrcular  pocket  into  ihe  bank,  ils  diaiiiHer  beiuK  about  2011  fiiet  and  a 
depth'  of  watJT  W  fwl.  The  smldeu  development  of  uii  eildy  of  aiiuh  unusual  vioh  nee 
Jbtthis  point  required  prompt  action  to  prevent  the  destruvtion  of  the  dike  by  cutting 
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off  it«  shore  connection.  This  was  effectually  done  by  nsing  a  large  nnmber  of  tre^ 
weeds  which  had  been  made  for  such  an  emergency  in  «fnne  and  placed  npon  the  bank* 
These  weeds  were  planted  in  parallel  rows  across  the  throat  or  month  of  the  eddy 
when  the  force  of  the  current  was  broken,  and  it  silted  up  and  became  solid  in  a  few 
davs. 

After  carefully  ob8er\'ing  the  workings  of  tree  weeds,  I  am  convinced  that  some- 
thing more  homogeneous  in  it-s  resistance  to  the  current  can  be  used  to  accomplish  the- 
results  arrived  at  in  the  employment  of  weeds  of  that  kind.  Any  sndden  change  in 
the  direction  of  the  current  tiuds  new  openings  through  which  the  water  passes,  cans- 
ing  scour  around  the  anchors  an<l  allowing  them  to  sink  until  a  considerable  amount 
of  the  water  passes  over  the  ton  and  not  through  the  dike  as  intended.  The  resist- 
ance to  the  current  is  therefore  lost  and  their  effect  but  slight  after  being  planted  for 
some  time  The  tendency  of  the  weeds  is  to  gra<lually  work  into  a  small  compact 
roll  of  less  than  ^  the  Hectional  area  they  had  when  made.  This  is  invariably  the 
case,  despite  all  care  taken  in  making  them.  A  couHtant  reduction  in  the  resistance 
section  of  any  dike  of  this  kind  must  therefore  be  encountered  that  in  time  must  cease 
to  make  it  effective. 

The  experience  acquired  by  the  seiison's  work  on  the  continuous  woven  mattrew 
shows  the  feasibility  of  continuing  a  wire  curtain  or  woven  mattress  weighted  n^^on. 
one  edge  and  held  up  by  buoys  on  the  other  along  a  proposed  shore  line,  and  inducing^ 
deposit  behind  it.  Tbe  mattre-ss  would  then  l>erome  a  revetment  of  the  new  ahore, 
which  would  be  free  from  the  spurs  or  points  found  in  revetted  bends. 

Revetment  work  commenced  September  11  and  closed  October  22.  This  work  com- 
menced at  a  point  about  3,000  feet  below  the  mouth  of  Line  Creel(,  and  extended  to 
the  dike,  a  distance  of  5,042  feet.  The  mattress  is  a  continuous  web  of  woven  wire  and 
brush  92  ft- et  wide,  ext'CTiding  from  the  top  of  the  bank  to  the  bottom  of  the  river.  As 
the  details  and  manner  of  construction  are  somewhat  different  flroiu  other  works  npon 
the  river,  a  description,  with  tracings  illustrating  the  methods  employed,  is  given.. 
The  mattress  was  built  upon  thirteen  ways  mounted  upon  a  boat  of  the  ordinary  sc<» w 
pattern  60  feet  in  length  and  14  feet  wide,  with  a  gunwale  3  feet  deep.  The  ways 
were  supported  by  posts  resting  upon  the  gunwale  of  the  boat,  the  entire  svstem  of 
ways  and  posts  being  thoroughly  bolted  together.  A  sufficient  tread  way  between 
the  ways  and  deck  was  allowed  to  permit  of  the  free  passage  of  sewers  and  men  em- 
ployed upon  the  under  side  of  the  mattress.  A  platform  10  feet  wide  extending  the 
fall  length  of  the  boat,  elevated  10  feet  above  the  deck,  and  even  with  the  upper  end 
of  the  ways,  was  use(l  by  the  carriers  aud  tenders  who  delivered  the  brush  to  the 
weavers.    * 

The  arrangement  of  ways  and  platform  distributed  the  moving  load  on  the  boat, 
and  the  suspended  mattress  on  each  si<le,  so  that  listing  or  capsizing  was  avoided. 
The  method  of  mattress  construction  is  as  follows: 

The  boat  is  taken  to  the  head  or  counnencement  of  the  work  and  held  transverse  to 
the  current,  the  shore  en<l  of  the  boat  being  a  few  feet  from  the  bank.  After  the  bank 
has  been  graded  for  a  short  distance  to  a  slope  of  from  1^^  to  1,  the  work  of  weaving 
was  commenced  by  first  placing  several  pieces  of  straight  bnish  parallel  to  each  other 
up(»ii  the  gni(le«l  sio)>e.  Other  pieces  are  then  placed  at  right  angles  to  those  first 
laid  down.  The  stub  enils  of  separate  pieces  of  bnish  are  then  pushed  through  th« 
openings  or  meshes,  and  sprung  down  and  held  in  position  by  the  weaver  who  places 
the  succeeding  pieces  at  right  angles  to  this,  and  in  such  a  manner  that  the  last  piece 
being  held  in  position  securely  binds  those  first  laid  down.  This  is  accomplished  by 
alternating  the  direction  or  position  of  each  piece  of  brush  as  it  is  put  in.  As  several 
weavers  follow  each  other  across  the  mat,  care  is  taken  to  reverse  the  work  at  eveiT 
mesh.  Special  attention  is  given  that  the  ends  are  well  pushed  under  as  each  piece  & 
put  in,  thereby  preventing,  to  a  certain  extent,  unraveling.  The  mattress,  when. com- 
pleted, somewhat  resembles  crate- work,  exc^ept  that  twisting  is  not  resorted  to.  The 
nner  portions  of  the  brush  are  always  on  the  under  side  of  the  mattress,  while  the 
stems  or  trunks  form  its  upper  surface.  The  methods  employed  npon  the  boat  are  the 
same,  except  tbat  the  first  i'vw  courses  are  tied  to  the  ways  with  marline  to  prevent 
their  slipping  off.  After  the  mattress  has  been  woven  for  several  feet  a  set  of  (8)  mat- 
tress hooks  are  hooked  into  it  and  the  marline  lashings  cut.  The  mattress  is  then  held 
in  position  on  the  ways  by  these  hooks,  and  is  allowed  to  slip  when  desirable.  Two 
independent  sets  of  ho(»ks  are  employed.  When  one  set  has  slipped  some  distance  tibs 
second  is  insertt^d  and  the  first  is  unhooked.  A  rope  10  feet  long  is  fMtened  to  each 
hook,  the  end  bein^^  passed  over  a  cleat  or  kevel.  This  arrangement  allows  either 
end  of  the  mat  to  slide  at  will,  so  that  the  boat  may  be  passed  around  spurs  or  pock- 
ets on  the  bank.  When  the  mattress  built  upon  the  boat  reaches  the  water's  edge 
it  is  connected  to  that  built  upon  the  bank  by  a  woven  joint.  This  operation  is  one 
that  requires  special  care,  in  order  that  the  joint  will  be  as  strong  as  tbe  remsinder 
of  the  mattress,  and  resist  the  strains  placed  upon  the  work  when  sliding  off  the  mmt 
npon  the  bank  itself  occurs.  To  add  to  the  strength,  and  obviate  say  rsTelIng  or 
fraying  out  of  the  woven  work,  wire  was  extensively  lued.    The  shMS  commonly  nssd 
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e  Nos.  It),  12,  Bud  14  aiiuealed-iron  wire.  Seajua,  both  loDgitudinall;?  imct  l.rana- 
lel;>  wrre  sewed  in  the  distanced  aiiartvarylueacuordiLg  to  the  locality  in  which  the 
k  ffM  bt-iuc  pNced.  Six  Reams  of  Nn.  10  wire  «ere  camrd  lonKLtudiDally  od  Vhe 
•t  edt;e  of  tDemattreas^fuet  apart.  This  was  Qecesaarf,  as  Htatltiums  the  heavier 
'd  whs  on  that  portiou  of  the  work.  ThroiijEb  the  rrniaioder  of  tbe  mattiess  rhe 
IS  were  4  feet  apari  and  of  No.  14  wire.  Tramivergel;  tbe  seams  run  tjfeet  apart 
nf  No.  1-2  wire.  The  tool  luteil  for  sewiog  was  Ihe  harpoon  nhuttle  iiitroduiMid  by 
AeaistaQt  Coole;,  and  answers  adaiirnlily  the  purpose  for  which  it  is  used.  UeWiiig 
npou  the  bnuk  was  douo  by  vaiag  a  curved  or  *'  bu^j-oeedle"  uf  round  iron. 

The  employ meut  of  wire  in  woven -njattreas  work  wbh  conaidered  enBtiitial  from  tbe 
flrst  conimen cement  of  mattress  work.  In  woven  wurk,  when  coarse  and  scraggy 
brush  is  wholly  nseil,  no  syiileni  of  weaving  can  he  employed  which  will  prevent  the 
Dnruveling  of  tbe  work.  Every  turn  or  bniid  that  it  reo-ives  allows  It  to  enlarge  tha 
meeb  by  siippinE  of  tbe  fibers  of  bnisb  over  caoli  other.  The  average  thickness  of  th« 
mat  built  was  ^om  5  to  6  iuches.  When  line,  long  brush  oonld  be  olitaiued,  thick- 
neBs  was  even  Iuem  tliun  these  dimensioBS  The  arrangement  uf  plant  is  explained  by 
traciiigs.  Tbe  method  uf  siukJtig  Ik  simple,  but  rtMinires  cue  in  eecorinff  the  bead  m 
oomiuenceineut  of  the  work.  Bisal  ^ll|M^  is  thoroughly  wovni  into  the  first  10  feet  of 
the  nialtresH,  the  euds  being  worked  into  loops  to  which  safety  iiucs  were  attached. 
Tbe  aafety  lines  were  drawn  tight  and  fastened  upon  the  bank  about  200  feet  above 
the  boat.  Several  tons  of  rock  were  then  tied  on  the  mattress  causing  it  to  go  directly 
to  the  bottom  as  fast  as  allowed  to  slide  upon  the  ways.  After  about  100  feet  of  niat- 
tresB  was  completed  the  lines  were  withdrawn  and  the  rock  simply  thrown  npon  tbe 
mattress  froui  flat-boats.  An  average  of  4  or  5  pounds  per  sijuare  yard  of  mat  surface 
is  all  the  rook  necBsory  to  hold  it  in  position  except  at  tbe  head  of  the  work,  when  £ 
or  liO  pounds  were  used. 

Th.-  progress  of  the  work  during  fine  weather  waa  quite  satisfactory.  The  labor, 
although  unskilled,  readily  learned  the  routine  of  the  work.  The  greatest  day's  work 
was  •■eM)  feet,  with  a  working  force  of  45  men.  With  a  few  changes  io  tbe  plant  used 
this  might  be  made  an  average  day's  work.  Frequent  delays  from  bad  weather  and 
*Btareitj  of  men  were  encountered. 

Tbe  removal  of  snags  along  the  bank  to  be  reveted  was  the  most  difficnlt  task  of 
the  aeoiwn.  The  greivt  number  that  had  lodged  on  the  lower  half  of  the  work  formed 
*  perfect  barrier  to  further  progress  until  they  were  removed.  1'bis  required  the  or- 
ganlKaiiou  of  a  separate  parly,  who,  being  equipped  nitb  a  complement  uf  tools,  Sats, 
ftnd  ropes,  succeeded,  after  considerable  trouble,  in  nnnoviiig  those  near  the  ahutft 
The  eiperience  acquired  in  thin  [loriion  of  the  wurk  proved  conclusively  that  the  ap- 
pliances in  nse  by  construction  parties  are  too  light  to  deal  with  sni'h  iibstructiimH. 
A  nummary  uf  the  work  done,  cost,  table  of  disbursements,  &,c.,  are  herewith  snb- 
Btitted. 

In  connection  with  this  report  1  submit  a  reduced  map  of  Kaw  River  Bcud.  This 
map  is  from  a  sarvey  maile  in  October,  aud  has  locati-d  upon  it  the  work  completed 
diuing  the  pHSt  Bscal  yi-ar  «ud  (he  rtilte  built  in  Jnue,  1ST9. 

A  traeiug  is  also  snlnuitted  showing  the  mattress  boat  used  in  building  tbe  c< 


uattiess. 

i)  sketches,  litres  1  and  2,  represent  a  geueral  arrangement  of  bout  aud  lu 
the  mattress  in  process  of  construction. 

averngi 


process  of  construction. 

reprenents  a  sketch  of  a  section  of  bank  with  tlie  avernge  width  of  c 

le  mmu  it,  with  the  outtr  edge  in  tbe  deepest  water  found  on  tbe  en  tire  reach. 

>  1,  tho  mattress  hook  used  •■  »•-'-"■■—  "■ • 

1 5,  niattresH  hook  in  positioi 


.  holding  the  mat. 
ijiuD  >■,  uiati—.™  ■.•».»  .u  position,  showing  method  of  k 
,,Bonalasion,  I  wish  to  acknowledge  tbe  si'ri ' 
f,  and  J.  H.  Sinionds,  foreman  on 
most  refipeetfully,  your  obedient 


od  of  keepin, 
lOfW.  H.  B, 


.n  and  E.  C.  I 


IMPKOVEMENT  OK  MISSOURI  HIVEE   AT  FORT  LEAVENWORTH.  KANSAS. 


Worfe  at  this  place  during  the  past  season  was  confined  to  repairs  of 
old  work  and  to  the  constrnction  of  1,570  feet  of  new  revetiiieuc  above 
Bee  Creek  Point.  Three  hnuilred  feet  of  brush  dike  was  also  put  in 
opposite  the  town  of  Leavenworth.    The  approprialiou  now  available 
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will  be  expended  in  extending  the  revetment  and  in  works  of  channeF 
rectification. 

AssiBtant  D.  W,  Chnrch  had  charge  of  this  work,  with  Assistant  6.  T.  Nellis  as  local 
eDffineer. 

The  work  is  sitnated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  30^ 
1860,  was  13,605.21. 

.    Money  statement 

July  1,  1879,  amount  available $9,337  48 

Amount  appropriated  by  act  approved  June  14,  1880 8, 000  00 

$17,337  48 

July  1,  1880,  amount  expended  during  fiscal  year 8, 886  13 

July  1,  1880,  amount  available 8,451  3& 

Amount  (estimated)  required  for  completion  of  existing  project 27, 0(X)  00 

Aniouut  that  can  be  profitably  expended  in  tiscal  year  ending  June  30, 1882.    27, 000  00 


REPORT  OF  MR.   D.   W.   CHURCH,   ASSISTANT  ENGINEER,  ' 

Atchison,  Kans.,  May  24y  1880. 

Major:  I  have  the  honor  to  submit  the  following  rej»ort  on  the  work  of  improving 
the  Missouri  River  in  the  vicinity  of  Fort  Leavenworth,  Kans.,  from  July  1,  1879,  to 
March  31,  1880. 

The  naps  and  drawings  which  properly  belong  with  this  report  have  already  been 
submitted. 

The  condition  of  the  river  has  been  such  that  no  material  deviations  from  the  plan 
previousl}'  decided  upon  have  been  necessary.  One  thousand  five  hundred  and  sev* 
enty  feet  of  revetment  was  put  in  during  the  seastm  above  the  month  of  Bee  Creek^ 
and  small  additions  made  to  the  wee<l  dike  at  the  head  of  Leavenworth  bar. 

In  my  report  for  the  fiscal  year  ending  June  30,  1879,  meutiou  was  made  of  the 
breaks  which  occurred  during  May  and  June,.  1879,  in  the  revetment  connecting  the 
upper  and  lower  works  of  1878.  These  occurrences  were  repeated  at  intervals  during 
the  month  of  July  and  until  the  4th  of  August.  The  stage  of  the  river  at  the  time  oi 
the  last  break  was  2^  feet  higher  than  that  at  which  the  first  appeared,  indicating 
that  the  attack  upon  the  revetment  was  less  severe  after  the  deep  scour  of  high-water. 

The  explanation  for  the  occurrence  of  these  breaks  ofiereil  in  the  report  prevituisly 
mentioned  was,  that  as  the  high-water  scour  ext^^uded  below  the  outer  edge  of  the 
mattresses,  the  quicksand  flo<led  from  un<lerneath  and  allowed  the  revetment  to 
settle.  While  the  above  explanation  is  thought  to  be  the  correct  one,  it  is  possible 
that  the  caves  may  have  been  caused  in  some  cases  by  underground  drainage  from  the 
adjacent  low  lands  and  lake.  In  one  instance  where  soundings  were  being  made,  a 
^eat  bubbling  of  the  water  was  seen  near  shore,  and  anticipating  a  cave  the  sound- 
ing-pole was  forced  through  the  mat  as  far  as  possible.  The  cave  which  took  place 
imniediat-ely  after  produced  no  Miovement  of  the  pole  or  mattress,  and  the  bottom 
was  found  to  be  solid  at  every  point  except  along  shore.  The  mattress  was  every- 
where  well  tilled  with  sediment.  Near  shore  the  bottom  was  soft  and  the  mat  outside 
covered  with  earth  seemingly  from  the  bank.  When  final  repairs  were  made  the 
bank  from  one  break  t-o  the  next  was  covered  with  the  same  fonu  of  mattress  as  that 
used  where  the  caves  occurred.  It  consisted  of  two  layers  of  brush  at  right  angles  U> 
each  other  bound  with  small  fascine-s  and  wire.  Two  flat-boats  were  placed  in  train 
idong  shore  and  way  pohv»  lai<l  from  them  to  the  top  of  the  bank.  Upon  these  fascines 
were  laid  parallel  to  the  bank  and  6  feet  afiart.     The  first  course  of  brush  was  laid 

rirpendicular,  and  the  second  parallel  to  the  river.  Fascines  were  laid  on  top  every 
feet  peii>endicular  to  thd  river  and  bound  to  the  lower  ones  at  every  crossing.  The 
ways  were  then  pulled  fn>iu  under  the  mat  with  a  tackle.  The  protection  thus  made 
was  about  10  inches  thick,  and  lapped  the  uiat  below  water  al>out  €  feet.  The  cost 
of  this  work  ($576.85)  was  greatly  increased  by  the  irregular  manner  in  which  it  was 
done. 

Since  July  1  very  little  has  been  done  towards  closing  the  chute  on  the  Missouri 
aide  of  Leavenworth  bar.  The  action  of  the  dike  constructed  in  June  (called  for  oon- 
Tenienoe  No.  1.),  was  closely  watched  in  order  that  auxiliaries  might  be  put  in  to  aid 
it  if  oecessaiy. 

As  the  high-water  subsided  a  small  bar  made  its  appearance  about  800  feet  below 
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in^  Un  eiili>tiBion  nborewBrda.     In  onler  to 

r  gaiug  bulimtl  the  muin  bar  tJiroiif(h  une 

uioe,  a  ilikd  300  fiu<t  liinjc,  made  of  honxuiitul  iriMila,  waa  placed  aunws  it. 

IB  conitTDution  of  thia  dike  was  difinreiit  la  detail  from  Ihat  uf  No,  1.    Three  alim 

IB  (made  eqnal  to  the  length  of  need  desired  by  splivini:)  were  laid  parallel  toeaoh 

IT,  and  tior9iiK'h«aupart,npiinaraeknbiL'1i  held  them  Bfaoiii:Hfi>etli«mlhe);roiiiid. 

Two   iijfiii,  uiio  im   rath  siile  ibe  polex,  norking  aUxnmtfly,  each  plawd  hia  bmah 
eHreat-hiiu  aud  under  the  one  farlbtut  from  biiu,  fumiinf:  a  letter 
Eauh  BLii^cesjJve  cniM  waa  plaued  itIosp  to  thu  preceding 


until  till'  l<-iii:ili  i>r  )>iili'shul  li 

ilid  the  fi>i<r  liKlitl}'  buiiml  t.u;;rih 
Leach  nfiho  tuiir  external  nii;:!<- 
Eh  Iranavi-rw  wx^tioti  of  wei-il. 
■y  li'Dttth  drairi'd,  and  Ua  aiiiiiili' 
FcDnslriii'liiiu  thuu  thi^  old  <>i>i-  " 
nshy  sii]itiii|£.  It  nag  aiK'hi>i'<'>l 
hon/imliil  w.tiIm  imi-i!  in  diki-  No.  1. 

Tlii.«M<'Uii<l  <liU.^:«F..uc<iui,cet<'a  tb- amalibiir 
anit,  liv  <'Ul^ill^  ilu- <'lismu!l,(!uiia«d  a  liiri{cdrpi<H 
two  (likeH  I'lii II billed,  iillhiiii);li  iiiHibqnutf  tu  thi 
plotcly  closing  ths- iiiiiiii  i'[iiiti',  linvc  ■  >  - 
■  AXteudiUK  the  MiMsnuii  -Imn'.  Tin 
flBwa  the  ]0W'Wati-r  hIjuii'  i'I"  1-V-.  n 
aBntbMthetMittiiiHioii.il   llii'   MisMiii 

tttut.    Ill  Sejitoml-er.  l-<i'.i,  111-  --ii 

"* iverage  depth  of ;!  iV-ot.     It  * 

erfttt). 


iiith  piilH  was  placed  o 
mpleteil  ih>-re  was  .  , 

the  aeeiHiipaiiying  Bk«t«h 


work  of 
il  very  Balisfai-'torily 
II'  line  iipim  the  tuap 

I  li<^  black  that  of  Oetolier,  ISTl).  It  will  bu 
hore  has  ill  soiiict  places  reaolicd  a  uidlL  of 
!'<'  to  the  chute  WKH  but  ^1  tect  wMi',  mid 
well  flllod  with  anagH,  mid  tb»  enircDt  was 


^   M  mnilla  obt»lned  from  the  »mall  liuouiil 
F  t'umpletelv  n'loHi'd  » ilhoul  4^eat  exjii-iiaa. 

.■nii-iv  iti  «-iiili.-riir8(iriug. 

-I-  I  till'  |iiilL:i"|Lt-li''"*'s  w«i*  tuoved  to  aaiiitablo  point  preparatory 

J''  I'  -'■■ '  ;iiiuve  the  nioiilhof  Biw  t'lwuk. 

nil. It  "iiliii  nf  low-water  rovBtmeai  waa  tiooesHary  at  thia  point 

•   iiiki'Ti   11^  'tu;  t'acl  that  at  ug  HeuHoa  would  the  work  b«  soverelj 

{8  weri'  made  new  shore,  and  a  width  of  6.i  foM  deciiloil  upon. 

nB(^don  thia  «ork  were  aiuiiltirto  those loade  without  the  iiaeuf  poles 

April  nnd  May,  l'^?^,  and  dew.'rtbi'd  in  tuy  report  for  that  year.    They  were  I'on- 

■nntwl  "iioii  elevalwl  waya.  and  oonniHtwl  of  a  siiiglt)  layer  of  brush  bonnd  with. 

icings.     .\t  li-rBi  fumjin™  wi'if  iiai'il  b.iili  on  I  up  ami  underneath  the  mat,  bulla  c»n- 

1 ■  1.1  rhiii  ,  .,-■.  .  ih.irs  1..  r |.'  i.,  i|.-r.Tiiiiiii*  ilir  HiiiiiiiLuiii  nurnber  necMsary 

ui   ■       I    ■■      ■■■-I  ■       -      .\ii 'irliiiulv.  (In.  iminber  wsa  grailiiftlly 

I'l'  ■  ■ ■!    ■     ■  !■     ;■'    !   i  ■  ■  r:hr  (hIiii-iTl  111  ti>i4  ai"""''  "nl-lie  liottoiii  uf  the 

II .      I  iii-  -.■- 1  111-.  .1-  hi'    I  I ..  -,  >i  I  !.■  .,  it.T   :i|i,irL,  (hiisu  iiitonueiliiito  betwenn 

::-i  \~\iL  ■,..\-.  '-b.iiili'i  III  Ktii^li  It  luuiiiit'i' as  to  iilwaya  ha  va  a  wire 
aUiivu  and  lieluiv  tile  bruali.  The  ^lUcbt•a  were  locked  ao  that  uo  slipping  would 
.pUe«  aboulil  tlie  wire  be  broken  at  an;  point.  This  inHltnuw  wan  found  to  be  so 
Mb  that  it  could  not.  be  hold  in  the  uiirreul  atid  urupedy  sunk,  but  aa  anusnal 
I  in  MontLug  it  waa  thutight  adviHablH  to  conatruot  a  second  in  the 
ner,  so  that  the  qu>-ation  might  be  fully  teste<l.  The  aame  trouble  wan  «e- 
with  this  one  aa  with  the  Hrut,  after  which  uo  experimeota  wore  tried,  but 
mhaving  fn^iiiea  5  feet  apart  ou  the  bottom  aud  none  ou  top  (16  in  all)  was 
In  niahiug  theae  mattreaaia  partiuular  atteuCiou  waa  paid  to  the  tiuantity 
iihmI,  thii  urruugement  of  the  mtiu,  aud  the  method  of  aewiuK.  The  brush 
lid  in  oiii'  ilireotinn  ( perpend ioular  to  fasuiiuM),  aud  hud  when  uouud  au  av- 
ii'kiji -s  III'  i>  iiiohes.  One  shuttle  was  used  iu  aewiug.  and  a  half  hitch 
ill  1  lit  »  III'  every  !•  feet,  the  abultlo  being  pasiaed  once  through  the  mat  and 
around  ili>'  tiiiriii-.s  ^ftween  one  bitch  and  the  next.  The  ahnttles  naea  were  made  of 
iHiHid  aiiil  lijipi  d  H  ithsliH'i,  aa  shown  in  theakeieh.  Three  alontpolt^  were  atilched  to 
tbpup-atri'uineilK<'of  the  mattress,  around 
whi-h  the  three  lines  u.Hed  in  Uoating  wore 
puaaed.  The  down-stream  iiiaborecomor  ' 
«f  thu  mjit  waa  fremiently  pn 

j(Ti'»l  foti'e   it;rainsl  rlii'   luiiil.    1  .-  „  , 

tills  point  two  ]n)l.-s  iiiii  T-.r-iriii;;  iil  i  In-  I'uriier  were  laahed  nn  top.     Thpse  wnrp  taken 

plaend  Ht  nglit  iinjili-i  (.'  (In-  luink  nv.  r 

IlaCfid  along  tliix  edgn  ihkI  mi  rhi'  •huh 
hole  (h>m  moving.  From  Uj  to  4  toni 
|U  thia.     Earth  nan  then  wheeled  «i 


erat'-- 


isllnally  brouKht  I 

riier  were  laahed  n        ,        . 

II.     In  Kinkini*  tlfe  rant  the  flat-boat  waa 

>  np-atrenm  piifce.     SuSrientatonp  waa  then 


a  firmly  placed  on  the  bottom.     The  labor 
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and  stone  for  sinking  in  this  manner  cost  14  cents  per  linear  foot  of  shore.    On  the 
^*  lower''  work  of  Ic^d,  40  feet  wide,  and  on  the  *'  upper"  work  of  the  same  year,  75 
.feet  wide,  the  stione  alone  cost,  respectively,  13i  and  2^  cents  per  linear  loot. 

The  Itauks  above  the  water  lilies  which  an)  coinpose<l  of  a  dark  clay  approaching 
gumbo,  with  sand  in  places,  had  been  left  quite  well  sloped  by  the  last  high-water, 
and  cons<>qu<'ntly  were  eai^ily  graded.  •  The  slope  was  made  about  H  to  1,  and  cost 
for  grading  6  cents  per  linear  foot. 

The  high-water  protection  was  woven  after  the  method  employed  this  season  at 
other  )>oints  on  the  river,  and  was  extended  on  to  and  interwoven  with  the  mattress 
work  below  the  water  line  aH  much  as  ]>os8ible,  so  a^^  t«  make  the  two  continuons. 
Inasmuch  as  no  men  were  available  who  had  ever  practiced  or  seen  this  style  of  work, 
the  progress  at  first  was  very  slow,  but  as  the  men  became  familiar  with  the  work 
excellent  headway  was  made.  The  brush  used  beiug  principally  dogwoo<l,  and  very 
coars(%  it  was  impossiblt^  to  make  a  uniform  and  neat -looking  piece  of  work  with  it. 
After  the  receipt  of  your  letter  (»f  October  i^,  1H79,  directing  that  the  work  be  chised 
for  the  season,  the  high-water  protection  was  made  much  thinner  in  onier  that  the 
hnish  already  on  hand  might  be  sufficient  to  complete  the  revetment.  The  liability 
of  the  bank  to  severe  attack  not  being  great,  the  thin  upper  bank  protection  is  deemed 
sufficient.  Its  cost  was  '24  cents  per  linear  foot,  which  is  but  from  one-third  to  one- 
half  the  cost  of  that  previously  used  on  the  Leavenworth  work. 

The  total  length  of  mattress  work  l»elow  wat-er  was  1,570  feet,  while  that  of  the 
high-wat(^r  revetment  was  but  1,510;  the  mattress  farthest  up  stream,  which  warn 
separated  from  the  rest  by  a  small  gumbo  point,  being  left  without  upper  bank  pro- 
tection. 

The  total  cost  of  the  revetment  per  linear  foot,  including  construction  of  ways, 
making  roails,  dee.,  was  $1.75i%. 

The  surveys  made  during  the  season  were  especially  intended  to  determine  points  of 
local  interest,  such  as  the  effects  of  work  done  and  the  nature  and  effects  of  natnral 
changes.  For  this  purpose  cross-section  hubs  were  located  1,000  feet  apart  fkom  about 
4,000  feet  below  Western  to  the  north  line  of  Leavenworth^  and  numbered  each  way 
from  zero  at  the  biidge.  Th(*se  sections  were  sounded  in  July,  September,  and  Octo- 
ber, each  sounding  being  l<>cate<l. 

Levels  were  run  and  cari^fully  chccke<l  over  this  portion  of  the  river  with  benches 
every  2,000  feet,  at  which  points  the  slope  was  taken  when  the  sections  were  sounded. 
The  levels  were  connected  with  th»  benches  of  the  Kansas  City,  Saint  Joseph  and 
Council  Blufls  Kailnmd,  and  referred  to  the  same  datum. 

At  the  clime  of  the  \v<»rk  in  0<*t<»ber  a  coin])lete  low-water  survey  was  made  from 
the  mouth  of  Kieka]ioo  Slough  to  lower  end  of  Leavenworth  Bir  near  Eaat  Leaven- 
worth, and  from  this  survey  all  shore  and  ehannel  bars  shown  on  the  mftp  in  full  black 
lines  have  been  platt^'d.  Numerous  minor  surveys  were  nia<le  in  the  vicinity  of  the 
bruHli  dikes.  The  sectional  Hcuindings  were  platted  on  stiff  )>aper  to  a  horizontal  scale 
of  UK)  feet  to  the  in  eh,  and  the  ]>ortions  beh)w  4  feet  on  the  Fort  Leavenworth  gauge 
carefully  rut  out  and  balanced  u]>on  the  point  of  a  needle  to  determine  their  centers 
of  figure.  The  centers  were  then  platted  n]>on  th*^  map,  and  those  oorresYKinding  to 
the  same  survey  c<mnected  by  lines.  It  was  intended  to  show  by  the  different  post- 
tionH  of  these  lines  what  horizontal  movement  to<>k  place  in  the  deepest  portions  of 
the  bed  between  high  and  low  water,  also  what  changes  were  effee.tecl  by  the  cntting 
away  of  Hetr  Cn*ek  Point  or  any  other  eroding  bank.  These  lines,  instead  of  giving 
directly  the  ]K>sition  and  diret^tion  of  stnuigcHt  current,  indicate  merely  its  general 
effect,  and  may  be  Hituated  at  points  where  the  water  is  shoal  with  a  channel  on  either 
side. 

It  will  be  seen  from  the  lineof  July  2fi,  when  the  Fort  Leavenworth  gangeread  1%M 
feet,  that  during  high  stages  the  stn^am  dr>es  not  enter  the  sharp  curve  in  the  shoie 
line  above  Bee  Creek,  and  that  after  passing  A  17  the  deeper  portion  of  the  ohaunel 
bears  away  from  the  left  bank.  Below  the  bridge  the  high-water  line  is  nearer  the 
MiHsouri  shore  than  those  of  lower  stages,  and  as  the  river  falls  there  is  a  slight  move- 
ment towards  the  right  bank.  The  line  c«>rres])onding  to  surveys  of  October  27,  when 
the  gauge  read  4.35  teet,  follows  more  uniformly  the  tairve  of  the  shore  line  below  the 
root  than  any  of  former  surveys,  which  I  think  may  be  attributed  to  the  cutting  al 
Bee  Creek  and  the  corresponding  lengthening  of  the  lower  bend.  No  changes  at  pree- 
ent  noticeable  below  the  bridge  can  be  reasonably  attributed  to  the  recession  or  Bee 
Creek  Point. 

The  point's  of  greatest  variation  between  lines  corresjionding  to  different  stages  aie 
locatetf  one  a  short  distance  below  the  root  and  the  other  opposite  the  mouth  of  Riok- 
apoo  Slough.  Tlie  former  is  ])rincipally  due  to  the  sharpness  of  the  bend,  and  will 
probably  cease  when  the  ]»roposed  shon^  line  above  that  THoint  is  reached.  The  differ- 
ences' at  Kicka))oo  Slough  are  due  to  the  fact  that  at  hi gh- water  the  j^^ater  portion  of 
the  stream  passes  on  the  Kansas  side  of  the  Weston  Island,  while  in  low-water  tbi* 
channel  is  nearly  close<l.  In  a  perfectly  stable  river  the  center  of  the  low-water  por- 
tion of  cross-sections  would  corresp<md  at  all  stages,  and  the  variations  between  theoi 
show  the  points  where  rectification  is  necessary. 
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tlie  map  are  t.hoBe  taken  Angnal.  W,  IS7B,  Deccmbpr  S,  IBTH. 
bf^r  I,  ltf79.  It  will  tie  seen  tbat  the  Rlnjie  of  the  river  in  iU 
i  to  Ihe  Kanans  binfls  is  much  i^ater  than  it  is  cither  atiore 
Bsea  it  fliiwB  aloDE  tlie  lillift'  in  a,  [lath  orarl;  straight.  Some 
to  increase  the  slope  in  the  liend  are,  first,  the  eieater  Mb- 
iJiD  wide  cmasiQi:;  aecnnd,  tlie  ener^cy  expended  ii 


mining  and  «itrr)iin){  away  caving  lionkH ;  thir<l,  the  energy  expended  in  excavating 
ohanTiflB  rendered  necvAMuy  hy  (ihuniten  in  direction  of  I'liireiit,  the  latter  beiug  cansea 
by  new  ahuns  liiu«  along  eroaing  banks  and  by  differenuot  in  stageti;  and,  lourth,  the 
reaigtauce  dne  to  the  sharp  bend  at  the  fun  and  ainaller  bends  alH)ve.  The  flret  three 
mentioned  carisoB  of  increased  slope  will,  it  is  believed,  be  fi^atly  reduced  with  the 
oouipleliou  of  the  present  project  atid  the  bnildlnic  Dp  of  shore  bars  above  The  plane  of 
overSow.  It  wilt  oe  seeo  that  both  the  high  and  low  water  slopes  of  1879  are  utore 
nniform  than  those  of  ldTl4.  This  wonld  necesBaiil;  follow  the  protection  of  banks  and 
redaclion  of  shore  line  cnrratnre  to  uniforniity. 

As  the  project  for  future  operations  now  stands.  It  contemplates  the  extension  of  the 
leTeltuenls  above  and  below  Bee  CreFk  as  fast  as  the  proposed  shore  Hue  between 
them  is  reucbed,  aud  the  extension  of  the  apper  revetoieat  tu  the  blutfs.  It  also  In- 
clndsH  the  closing  of  tile  chute  behind  Leavenwnrlh  Bar- 
Attention  can  DOW  be  given  tu  some  of  the  iuiprovetuents  which  are  not  immediately 
required  for  safety,  sacli  a^  the  narrowing  of  the  stream  nntil  the  most  advantageous 
crosa-eectioii  is  obtained,  and  thf  raining  of  shore  bars  above  the  plane  of  overflow. 
This  should  especially  be  done  in  the  larcc  bend  above  the  fort  and  trom  the  l>ridge  to 
the  north  line  of  Leavenworth  City.     The  aEuncies  to  be  at  first  employed  for  this 

Surpose  are  brash  fences,  nod  after  portions  nf  the  bar  have  been  raiseil  above  over- 
ow  willows  should  be  planted  at  ever;  point  where  their  growth  is  possible,  Brnsh 
fences  put  in  late  in  the  fall  should  be  mode  of  willow,  as  tliey  may  acenmutate  suffi- 
cient earth  before  spring  to  allow  the  willows  to  grow. 

Alteiitiuu  must  soon  be  paid  to  the  condition  ur  the  river  above  Wcnton.  The  right 
bank,  throughout  the  urossing  from  Kickapoo  Station  to  Weston,  is  being  rapidly  cut 
away,  and  unangca  ore  taking  place  which  must  sooner  or  lahT  affect  ihe  work  below. 
Owing  to  inconiplcteneas  «l  surveys,  the  ncveiwary  work  oauuot  be  outlined  at  present, 
but  thecloaiu)^  of  one  of  the  cbanneU  pntigiug  the  Weston  Island  sliiuild  be  included 
in  the  plan  of  improvunient.  Should  the  Kansas  channel  be  closed,  the  right  bank  of 
the  river  in  the  vicinity  of  Klckanoo  Stoiigb  would  need  protecting. 

During  the  post  season  brush  has  been  eronomized  to  qnite  au  extent  by  a  rodno- 
tion  in  the  thiokiieas  of  mats,  but  the  saving  has  not  been  as  mnoh  ok  was  expeete<l, 
on  account  nf  the  great«r  compai'tuess  of  the  thin  mattrosHOS.     As  there  seems  to  be 
case  yet  kirown  where  failure  has  resulted  from  scour  through  a  well-oanstrucl«d 
the  thickness  may  still  be  reducnd  with  safety,  and  the  brush  more  openly 

tha  aoccnnpanying  financial  statement  the  price  of  stone  given  is  tbat  of  total 
delivered  whore  used.    None  was  purchased  during  the  seaxon,  as  there  was  more 
sufficient  quantity  on  hand.     There  was  na  expense  for  brash,  eiceiit  for  cut- 
ting and  delivering.    That  used  on  the  Bee  Creek  revetment  was  hauled  a  distonoe  of 
4i  or  5  miles. 

The  tabulated  results  of  sonndiiigs  made  in  1879.  sloiie  meaauremeiLts  of  1878  and 

1879,  and  .lisehargB  measurements  of  1878  are  res|>ectfully  submiltt'd  with  this  report. 

I  have  been  ob!y  asisiBti'd  in  proHcculing  the  work  of  Ihe  past  season  by  AsHlstant 

EncineeTH  G.  T.  Ni'llis  and  A.  P.  Dyke;  Mr,  Nellis  lioing  in  charge  of  oonstmotion 

works  and  all  pertaining  thereto,  and  Mr.  Dyke  in  charge  ofaurveys. 


1  have  the  honor,  u 


obe,  1 


IMPROVEMENT  OF  MISSOURI  RIVER  AT  ATCHISON,  KANSAS. 

k  at  this  locality  waa  cotifined  to  repairs  of  old  work,  and  to  ex- 
tutling  up  Rtream  the  revetment  of  tbe  left  bank  of  tbe  river  above 
AtcfaiHon.    Of  this  new  work  2,572  feet  was  completed,  and  is  now  in 
&ir  condition.     During  tbe  present  season  it  is  proposed  to  continue 
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this  work.    Asaistant  D.  W.  Chnrch  had  charge  of  the  work,  with  As- 
sistant G.  B.  Fritcher  in  local  charge. 

Interesting  details  concerning  the  method  of  mattress  constmction 
used  will  be  found  in  Assistant  Church's  report  herewith  appended. 

The  work  is  situated  iu  the  collection  district  of  New  Orleans,  and  the  nearest  por^ 
of  delivery  is  Omaha)  Nebr. 

The  nearest  f»)rt  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nehr.,  during  fiscal  year  ending  June  30^ 
18«0,  was  S3,605.-21. 

Money  niateinent. 

July  1, 1879,  amount  available $17,590  74 

Amount  appropriated  bv  act  approved  June  14,  1880 !;iO,  000  00 

$-•«',  590  74 

July  1,  1880,  amount  exi)ended  during  fiscal  year 17,  b&n  32 

July  1,  1880,  amount  available 2(»,0n4  42 

Amount  (eHtimatcd)  required  for  completion  of  existing  project 60, 000  00 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  June  30, 1882.     60, 000  00 


REPORT  OF  MR.    D.    W.    CHURCH,    ASSISTANT  ENGINEER. 

Atchison,  Kans.,  July  20,  1880. 

Major:  I  have  the  honor  U^  submit  the  following  report  of  the  work  of  improving 
the  Missouri  River  at  Atchison,  Kans.,  durinji;  the  fiscal  year  ending  June  ^,  1880. 

A  map  of  the  reach  and  other  drawings  pertaining  to  this  reiiort  have  already 
been  informally  submitted.  A  drawing  of  mattress-boat  and  four  photographic  viewa 
thereof  are  herewith  submitted. 

The  season's  operations  were  confined  to  the  construction  of  revetment  at  McQneen's 
Bend,  the  object  being  to  hold  the  deeper  portion  of  the  bend  and  allow  the  point  at 
its  lower  end  ^o  recede. 

Two  thousand  five  hundred  and  seventy-two  linear  feet  of  mattress  work  were  pai 
in,  of  which  812  feet  were  continuous,  and  1,700  feet  were  made  iu  separate  mats  ex- 
tending 60  feet  along  shore. 

The  latt^tr  wa^  in  j)roress  of  construction  at  the  beginning  of  the  year,  and  with 
the  exception  of  4D0  f^eet  of  repairs,  which  will  be  hereinafter  described,  was  all  made 
according  to  the  method  thou  iu  use,  for  a  description  of  which  I  beg  to  refer  you  to 
my  report  for  the  liscal  year  ending  June  HO,  \m\). 

Ytoiu  July  1  to  15  there  was  a  constant  caving  of  the  bank  in  the  vicinity  of  the 
ways,  rendering  frequent  repairs  necessary  and  greatly  retarding  the  work. 

On  the  night  of  July  lo  there  was  a  severe  wind  storm,  which  drove  the  waves  di- 
rectly against  the  shore.     No  upper-bank  )>rotection  had  been  put  up  to  that  time» ' 
and  the  stagt^  of  the  river  was  sucli  tbat  the  mats  did  not  extend  above  the  water's 
edge.     There  was,  therefore,  very  little  to  ntsist  surface  action,  and  the  waves  washing 
over  the  mats  caved  the  bank  inside. 

The  shore  portion  of  the  revetment  was  settled  by  the  weight  of  the  bank  that 
caved  u])on  it,  aud  no  longer  protected  the  shore  from  current  action,  which,  together 
with  tht^  waves,  carried  tlie  shore  line  back  about  15  feet  throughout  the  whole  extent 
of  the  work. 

The  ways  were  almost  entirely  destroye<l,  and  couseqnently  the  revetment  ooald 
not  be  immediately  repaire<l. 

By  the  time  temporary  ways  were  finished  the  inshore  edge  of  the  revetment  was 
from  25  to  ^  feet  from  shore.  This  intervenintr  s|>ace  was  covered  with  mattn«ases 
which  varied  iu  width  from  40  to  48  feet  aeconiing  to  the  width  of  unproteoted  bank, 
thus  providing  for  a  lap  of  at  least  10  feet  on  the  foruHT  work. 

These  mattresses  were  made  similar  to  those  used  on  the  Leavenworth  improra- 
ments  during  the  winter  of  1878-79,  the  lower  frame  being  of  cotton-woo«l  poles  and 
the  upper  of  fascines  with  wire  bindings  at  every  intersection.  The  thickness  when 
bound  was  from  10  to  1*2  inches,  an<l  length  along  shore  60  feet.  The  work  of  prot4<ot- 
ing  the  high-wat^i'T  bank  fidlowed  the  mattr(>ss  work  as  closely  as  possible.  Tne  form 
of  mat  used  for  this  ]>nrpose  was  exactly  similar  to  the  low- water  work,  with  the  ex- 
ception that  fascines  instead  of  poles  were  U8e<l  to  give  the  necessary  strength  in  a 
direction  perpendicular  to  the  shore  line.  The  up]>er-bank  protection  overlapped  the 
low-water  work  about  6  feet,  and  was  weighted  with  stone  along  the  lap.    Tlia 
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mainder  was  held  down  hy  stakes  driven  from  3  to  7  feet  in  the  i^nnd  and  wired  ta 
tlie  fascines.     These  repairs  extended  over  490  linear  feet  of  shore. 

The  c'onrinned  caving  of  the  banks  in  the  vicinity  of  the  work  pointed  out  the  fact 
that  there  was  no  point  within  suitable  distance  where  ways  could  with  certainty 
be  maintained,  and  the  construction  of  some  form  of  boat  upon  which  mats  could  be 
made  without  the  int*'rference  of  caving  banks  became  a  necessity.  A  plan  for  a 
boat  was  immediately  submitted  to  you,  and  received  your  approval.  The  construc- 
tion of  this  boat—a  description  of  which  will  appear  farther  on — was  proceeded  with 
at  once. 

The  safety  of  the  work  already  in  demanded  that  operations  bo  continued  until  the 
boat  was  ready  for  use,  or  at  leist  until  then'  should  be  less  caving  above  the  revet- 
ment. Therefore,  after  the  work  washed  out  by  the  storm  had  been  replaced,  the 
revetment  wjis  continued  from  elevated  ways  tli(^  same  as  at  tirst,  and  the  upper  bank 
protection  carried  al<m^  with  it. 

On  September  5  there  ba<l  been  put  in  1,700  linear  feet  of  revetment,  and  it  was 
then  thof^ghi  safe  to  stop  the  work  until  the  boat  was  ready  for  use. 

The  cost  of  this  work  was  for  low-water  revetment  $'i.V()V'r.T ;  for  j^radin^  bank,  §0.:U  } 
and  for  high-water  revetment  SO.lHj^o  P<*r  linear  foot;  that  <i(Mie  previous  to  July  1  is 
not  considered,  as  it  was  necessary  to  put  in  now  mats  throuj»hout  when  the  washout 
occurred. 

The  mattress-boat  consisted  of  two  barj^es  i)laced  pjirallel  with  each  other  and  con- 
nected by  a  ripd  frame-work  which  supi>orte.d  the  ways.  The  ^listance  between  the 
two  adjacent  gunwales  was  16  feet  and  i*  iuch<'s.  When  in  use  tln^  barges  were  per- 
pendicular to  the  current,  the  ways  rising  from  the  np-stn'am  gunwale  at  an  angle  of 
16J^  degrees  with  the  horizontal.  The<  barge  at  the  foot  of  the  ways  was  12  feet  wide 
and  the  other  10  feet,  the  length  of  each  b(?iug  75  feet,  and  tln^  ch^pth  'A  feet.  The  way 
pieces  were  f)  feet  a]>art  an<l  Ki  in  number,  making  a  total  width  ot  75  feet.  Six  lines 
10  feet  apart  passing  over  jmllies  at  the  head  of  the  ways  were  used  in  holding  the 
naat  to  the  boat.     The  cost  of  the  mattress-bnat  complete  was  $1,1*21.79. 

In  constructing  the  continuous  mattress  the  l»oat  was  placed  perpendicular  to  the 
■bore  at  the  head  of  the  proposed  revetment  with  the  foot  of  the  ways  uj)  stream.  As 
^e  mattress  work  proceeded  the  boat  was  moved  Irom  under  it  down  stream,  the  cur- 
^nt  sinking  the  mat  as  it  was  slid  from  the  boat. 

The  brush  was  laid  directly  (m  the  ways  with  tops  toward  the  center  of  the  stream* 
A.t  first  the  space  between  the  two  way  j)oles  farthest  from  shore  was  covered  with 
Jjrush  ;  the  next  space  was  then  covered,  and  a  good  lap  made  on  the  brush  tirst  laid. 
This  was  continued  until  the  ways  were  com]det^ly  covered.  There  was  a  lapping  of 
Jbe  brush,  therefore,  at  every  way  pole.  In  binding,  a  seam  which  included  all  the  overr 
*Apping  brush  was  sewed  along  each  way-pole.  The  stitch  used  in  sewing  was  not  a 
perfect  lock-stitch,  but  was  such  that  no  loosening  of  the  brush  would  occur  farther 
than  one  stitch  away  from  the  point  where  a  wire  was  broken.  Two  shuttles  were 
n«ed  in  making  it,  there  being  a  wire  both  over  and  uuder  rhe  brush.  The  length  of 
•titeh  was  about  30  inches.  Th«'  shuttles  were  put  through  the  mat  from  opposite  sides 
it  the  same  time,  and  about  8  inches  apart,  so  that  a  ({uantity  of  hrush  might  be  in- 
cluded betweim  the  wires.  As  the  point  of  each  shuttle  appeared  through  the  mat 
the  wire  attached  to  the  other  was  placed  over  i  and  the  shuttles  pulled  through. 
Ko.  12  wire  was  used  at  first,  but  as  it  broke  occasionally  when  drawn  too  tight  it  was 
found  neceasarj'  to  use  No.  10  insteatl,  after  which  no  wires  were  broken. 

The  six  lines  on  the  boat  were  always  attat^he*!  to  the  mat,  exce]>t  when  their  fasten- 
ings were  being  changed  from  the  foot  to  the  head  of  the  ways,  at  which  time  auxiliary 
lines  were  used  to  prevent  the  current  from  drawing  the  mar  from  the  ways.  The 
boat  was  held  in  position  by  lines  which  extended  from  its  outer  end  to  the  shore 
both  above  and  below.  At  each  time  of  moving  ',i2  linear  feet  of  mattress  were  slid 
from  the  boat,  and  about  8  were  left,  on  the  wayM.  On  account  of  friction  against  the 
bank  it  was  usually  necessary  to  employ  a  tackle  in  moving  the  boat.  To  provide 
against  the  possibility  of  the  martress  being  rolle<l  up  by  the  curreut  it  was  well 
weighted  with  stone  at  its  up-stream  end,  and  over  the  remainder  of  the  revetment 
there  was  distributed  abont  U  cubic  yanls  of  stone  for  100  linear  feet.  The  mattress 
fhns  made  was  6  inches  thick  when  bound  and  75  feet  wide.  Ifc  extended  above  the 
water  line  alnmt  4  feet.  Great  flexibility  was  secured  in  all  directions,  and  the  mat- 
tress was  compact  and  strong.  Only  H\2  linear  feet  of  this  form  of  ])rotection  was 
made  before  the  work  closed  for  the  season.  The  cost  was  $1.72iyi)  per  linear  foot, 
rhis  piece  can  hardly  be  taken  as  a  fair  test  of  the  method.  The  short  duration  of 
ttie  work  did  not  allow  of  the  adoption  of  certain  improvements  in  the  boat  which 
were  seen  to  be  advisable^  or  of  the  careful  syst«mization  of  the  labor. 

Unusual  difficulties  were  also  encountered  in  i)rocuring  supplies.  Dnrin|^  the  twenty- 
nven  days  that  the  work  was  in  progress  there  were  only  sixteen  in  which  the  roads- 
were  at  all  passable,  and  the  greater  part  of  that  time  only  partial  loads  of  brush 
Bould  be  hanled.  This  irregularity  in  the  supply  of  brash  greatly  increased  the  cost 
Rf  the  work.    The  npper-bank  protection  along  the  continuous  mattress  was  made 
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like  the  woven  revetment  constructed  by  asRistant  Samnel  H.  Yonge  at  Vermillion, 
Dak.  It  was  woven  into  the  low-water  revetment,  and  extended  up  the  bank  to  high- 
wattT  mark.  The  cost  per  linear  foot  w:w  34  j^  centa.  The  gnuling  of  the  bank  coet 
28 1^  cents  per  linear  foot. 

Funds  were  not  available  at  the  close  of  the  work  for  making  a  root,  and  as  a  partial 
substitute  the  bank  was  graded  very  tlat  for  a  diNtance  of  about  100  feet  at  the  head 
of  the  revetment,  and  the  high- wat-er  protection  earned  to  the  top  of  the  grade.  This 
part  of  the  woven  work  was  strengthi'ned  by  sewing  with  wire.  Stone  was  distributed 
over  the  surface  and  wirtMl  to  the.  brush. 

During  a  slight  rise  in  the  river  in  November,  1879,  a  break  appeared  in  the  revet- 
ment near  the  upper  end  of  the  490  feet  washed  out  July  15.  About  300  feet  of  the 
repaired  work  was  soon  taken  in,  and  the  liank  then  remained  stable  until  the  April 
rise  of  1880,  when  the  break  was  again  enlarged.  This  break  occurring  at  a  compara- 
tively low  stage  of  the  river  indicated  that  there  was  a  serious  impeHfection  in  the 
revetment.  An  examination  showed  that  there  was  an  opening  between  the  mat- 
tresses washed  out  in  July  and  the  one  placed  between  tnem  and  the  shoi^  It  is 
probable  that  after  the  washout  in  July  the  low-water  bank  did  not  immediately 
take  a  natural  slope,  as  the  material  under  the  mats  was  not  entirely  removed. 

The  tendency  to  form  a  natural  slope  after  the  narrow  mats  were  olaced  probably 
slid  the  outer  mat>a,  and  thus  caused  the  opening.  Owing  to  lack  of  funds  nothing 
has  been  done  to  rei^air  this  break,  and  it  now  extends  over  about  900  feet  of  shore. 

The  surveys  of  the  season  consisted  of  shore  line  location,  and  of  slope  and  cross- 
section  measurements.  Sections  1,000  feet  apart  extending  over  the  reaoh  from 
^  661  to  ^  (r79,  a  distance  of  7  miles,  were  twice  sounded.  The  slope  thronghoat  the 
same  distance  was  taken  at  points  2,000  feet  apart  at  the  time  of  sounding  sections. 
A  shore  survey  was  made  in  August  at  McQueen's  Bend  to  determine  the  proper  down- 
stream limit  for  the  revetment,  and  in  October  a  complete  low-water  snryey  was 
made  extending  over  the  whole  reach  covered  by  slope  measurement. 

The  map  referred  to  in  this  report  was  made  from  the  notes  of  the  Augnst  and  Octo- 
ber surveys  in  connection  with  those  tak^n  by  the  Missouri  River  survey  party,  (hi 
this  map  are  platted  the  centers  of  figures  of  low-water  cross-section  areas,  tnose  of 
the  same  survey  being  connected  by  dotted  lines.  It  will  be  seen  from  these  lines 
that  since  the  surveys  of  1878  the  channel  immediately  below  McQueen's  Bend  has 
left  the  Missouri  shore  and  made  a  crossing  to  the  right  bank.  In  its  return  to  the 
left  bank  the  channel  approaches  the  revetment  of  1878  about  2,000  feet  below  its 
upper  end.  This  return  crossing  moves  down  stream  as  the  island  on  the  right  hank 
is  cut  away,  and  at  the  present  date  the  shore  line  has  receded  far  enongh  to  allow  a 
considerable  percentage  of  the  stream  to  follow  the  right  bank  until  after  passing  the 
bri<lge.  This  change  of  ehauiiel  is  of  the  greatest  iuiporiauce,  as  it  bids  fair  to  effect 
within  a  year  the  desired  rectiticatiou  of  channel  at  and  above  the  bridge.  Where 
the  change  of  channel  is  greatest  the  slope  of  the  river  has  been  increased  since  1878, 
and  as  this  is  probably  due  to  the  energy  expended  in  excavating  the  new  bed  it 
may  be  argued  that  af'ier  the  complete  rectification  is  made  and  further  changes  ars 
preventetl,  there  will  be  an  equal  if  not  a  gr«»ater  decrease  in  slo]>e. 

In  January,  1880,  a  continuous  bar  extended  fnmi  directly  below  McQneen's  Bend 
to  about  1,000  feet  below  the  head  of  the  IH78  revetment,  and  after  the  present  high 
water  is  ])ast  it  will  undoubtedly  be  luuch  larger.  This  bar  should  be  built  np  and 
extended  by  means  of  sand  fences  and  dikes,  in  order  that  the  natural  tendencies  may 
be  aided  as  much  as  p(»ssible.  Owing  to  th(;  break  at  McQne«'n's  Bend  and  the  ero- 
sion above  the  revetment  any  discussion  of  future  operations  is  thought  to  be  useless, 
as  all  consideration  of  the  subject  must  be  based  on  the  conditicm  in  which  the  shore 
line  is  left  by  the  ]>reseiit  high -water.  It  is  thought,  however,  that  on  account  of  the 
favorable  changes  now  taking  place  above  the  bridge  the  plan  heretofore  followed 
should  be  adher4>d  to  if  ])(»ssiblc. 

In  future  o])erations  with  the  mattress-boat,  I  would  respectfully  recommend  that 
the  ways  be  extended  at  the  shore  end  of  the  boat  by  means  of  a  Jointed  platform,  so 
that  the  mattress  may  be  made  continuous  to  the  top  of  the  bank.  The  connections 
with  the  boat  should  be  sutliclently  stnmg  to  allow  of  a  tackle  being  attached  to  tlM 
extreme  shore  end  of  the  platfonn  and  a  horse  employed  in  moving  the  boat.  Tha 
walking  planks  on  the  ways  should  be  placed  lower  than  they  have  been  thns  far,  to 
avoid  any  friction  of  the  brush  against  them. 

The  brush  used  on  the  work  w^as  principally  dogr^'ood;  797^  cords  were  pnrchased, 
delivered  on  the  river  bank  at  8.5  cents  per  cord. 

After  boating  a  distance  of  two  miles  it  cost,  delivered  at  the  works,  $1.16^  per 
cord;  l,47t>  cords  were  cut  and  delivered  by  hired  labor,  there  being  no  expense  for 
the  standing  brush  ;  it  was  hauled  a  distance  of  6  miles  and  cost  $1.96  per  ccnd;  77^ 
cords  of  willow  brush  were  used  on  upper-bank  protection;  it  was  procnrsd  ft^om 
various  sources,  the  cost  of  cutting  and  delivering  being  $1.54  per  cord.  The  stone 
was  taken  from  that  purchased  in  1878  and  not  expended.    The  price  given  in  the 


I 


I 


I 


£N0   CLCfATlOM, 


\ 


APPENDIX    Q.  14zl 

foUoving  financial  stateiuont  is  the  original  ccwtt  added  to  tlio  coat  of  dcilivery  at  the 


Tablea  of  the  atopo  anc  r  osB-seutiun  Tneafiiiretiienta  mode  iu  1S78.  imilor  (be  super- 
vision of  AaBiHtunt  C.  B.  Davis,  uud  those  made  in  1879,  are  rasiiectfuny  Bubmittsil 
with  this  rejiort. 

I  am  indebted  to  Capt.  D.  W,  Wellman,  asgiiilant  eugiuctsr,  for  notes  of  Miiiaoiiri  River 
survey  CTtendin^  over  that  postion  of  the  reach  between  A  KUi  and  A  6<>0 ;  tlie  lat- 
ter point  being  the  upatrvuin  limit  of  surveyB  made  in  oonneotion  with  the  work. 

1  wiiih  aleo  to  aokuuwleitKe  the  able  asaistanoe  of  Meaars.  O.  £.  Krituher  aiid  A,  P. 
Djke;  AwiistHal  Priteher  being  Lii  local  charge  of  constructiou,  and  Asaislant  Dfke  in 
charge  of  aurveya. 

I  have  the  honor  to  he,  major,  very  rea[)ectrnlly,  your  olwilieot  aprvunt. 

D.  W.  Chdrch, 


Q  9. 

IMPROVEMEKT   OF    THE    MI8S0UKI    RIVER    OPPOSITE    SAINT    JOSEPH, 
MISSOURI. 

In  my  last  report  it  was  stated  that  iu  continuation  of  the  work  then 
in  progresa  it  was  proiwsed  to  cut  down  the  old  dikes  op|>OHite  the  city, 
and  to  revet  a  |)ortion  of  the  left  bauk  above  the  railroad  bridge.  Atten- 
tion waa  also  called  to  the  necessity  of  extending  the  work  up  atream 
to  gnard  against  the  effects  of  an  apprtsliended  cut-off  at  Amazonia. 
This  cut^iff  has  since  taken  place,  but  the  eftects  are  not  yet  fully  devel- 
opeii.  Work  was  carried  on  in  accordance  with  the  plan  proposed,  and 
2,000  feet  of  revetment  snccessfully  constructed  on  the  left  bank  above 
the  railniad  bridge. 

•  During  the  present  Heason  it  is  pro[)08ed  to  extend  the  works  to  the 
upjter  side  of  the  French  Bottom,  to  remove  the  old  dikes,  and  begin  the 
channel  recti  Beat  ion. 

All  the  work  has  stood  very  well.  Assistant  D.  W.  Church  had  charge 
of  the  work,  Atisistaut  D.  F.  Piiiyne  being  in  local  charge. 

The  iTork  ia  aituated  [n  the  collection  diatrict  of  New  Orloana,  aud  the  nearest  port 
of  dotivory  ia  Omaha,  Nebr, 

The  nearest  fort  is  at  Leavenworth.  Kans, 

Amount  of  reveune  collected  at  Omaha,  Nebr.,  during  fiscal  year  ending  June  3D, 
^sm,  was  (3,605.-21. 

Money  statement. 

July  1,  18T9,  amount  available $10,068  fi6 

Amount  appropriated  by  act  approved  June  14,  18S0 iO.OOO  00 

$30,0B8  66 

July  1,  iseo,  amount  expended  during  fiscal  year 8.9ia  05 

Julvl.  1860,  amount  available _ 21,15^  61 


it  (estimated)  roqaired  for  completion  of  CTistlng  project l>4,(H)0  00 

Lt  that  can  be  profitably  expended  in  fiscal  year  ending  Jnne  30,  letm.     64,000  00 


RKPOBT  or   MB.  D.    W.    CSUBCB,    A9S18TANT   EKOINEKR. 

Atchison,  Kass,,  Aagiut  S,  1880, 
uon ;  I  have  the  honor  to  aabmit  the  tbllowing  report  on   the  work  carried  on 
ir  my  charge  in  the  vicinity  of  Saint  Joseph,  Uo.,  during  the  hscal  year  ending 
June  30,  lOSti. 

The  water  front  of  the  city  of  Saint  Joseph  has  been  suhji^ct  to  eroaion  from  time 
to  time  throughout  it«  whole  extent,  and  large  aums  of  money  have  been  expended 
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by  the  Kansiui  City,  Saint  Joseph  and  Council  Bluff  Railroad  Company  in  works  of 
protection.  ThiH  protection,  which  consiHted  of  short  spur-dikes  together  with  a 
heavy  riprap  on  the  intervening  bank,  extended  to  within  2,(h;4  feet  of  the  east  abut- 
ment of  the  Saint  Joseph  bridge.  The  latter  section  of  shore  waH  receding  each  year, 
and  it  was  proposed  in  the  ]>liice  of  the  season's  ojieratious  to  protect  it  with  a  bruah 
revetment. 

The  banks  at  low-wat-er  are  about  25  feet  high,  and  composed  of  very  hard  clay.  It 
was  learned,  from  borings  ])reviouHly  n>ade  in  the  vicinity,  that  this  clay  extends alwnt 
16  feet  below  low-water.  It  is  underlaid  by  8  feet  of  quicksand,  below  which  there  is 
-clay,  sand,  gravel,  and  bowlders  to  bed-i-ock.  The  clay  of  the  upper  stratum  is  suffi- 
ciently tenacious  to  ahnost  entirely  resist  the  action  of  tiowiiig  water  at  any  velocity 
acquired  by  the  M'*f)souri  River,  and  in  itself  required  no  protection;  it  was  only  neces- 
sary to  prevent  the  scouring  our.  ot*  the  quicksand  layer. 

As  a  result  of  soundings  the  widtii  of  revettneut  decided  upon  Wihs  70  feet,  measnr- 
ing  from  the  water's  edge,  no  high- water  revetment  being  deemed  neo<'S9ary. 

Local  obstructions  along  shore  were  such  as  to  interfere  with  making  the  revetment 
in  sections  <ni  tlie  bank  an<l  tloating  it  to  place,  and  the  other  usual  alternative,  that 
of  constructing  it  on  a  boat,  could  not  well  be  atbipted  as  there  was  neither  a  suitable 
boat  on  the  work  or  mruiey  which  could  be  H])ared  for  building  one ;  as  a  substitute 
a  floating  {datfonn  was  devised,  the  cost  of  which  was  about  tlie  same  as  a  set  of  fixed 
ways  on  shore,  and  which  could  be  used  in  the  same  manner  as  a  boat  for  oouhtmcting 
a  continuous  mattress. 

Thefin'm  of  revetment  adopted  was  the  woven  mat,  introduced  by  Samuel  H.  Yonge, 
assistant  engineer  at  Vennillion,  Dak.,  and  the  float  was  designed  for  that'  pnr]H>He. 
Its  use  is  not,  howevgr,  restricted  to  that  particular  me' hod.  A  drawing  of  the  float 
as  (inally  used  accompanies  this  report.  It  was  60  feet  long  and  12  feet  and  8  inches 
wide.  Ranged  a(Toss  nnder  the  platfoiiu  every  5  feet  were  box  floats,  12  in  all,  the 
cross-secHou  of  each  being  I  square  foot  and  the  length  12  feet  and  4  inches.  The 
boxes  were  made  of  2-inch  pine  plank,  and  on  top  of  each  there  was  an  extra  plank  to 
prevent  the  spikes  from  the  ])!atronn  from  reaching  the  inside  of  the  box  ard  thereby 
causing  a  leak.  In  the  joints  a  strip  of  flannel  was  la^d  in  white  leail,  and  the  wlftm 
thoroughly  tarred  after' nailing.  Hesides  tbe  bracing  atfbrded  by  the  close  platform 
spiked  (m  the  to])  of  tbe  boxes,  there  was  a  continuouN  sti-etch  of  plank  uailecl  to  their 
emls  and  4liag(mal  braces  underneath.  On  the  platform  and  directly  over  each  box  a 
plank  1  foot  wide  and  12  IVet  long  was  s<>t  n])ou  edge  and  braced  by  spiking  a'4>-inch 
angle  piece  on  each  si<le.  These  planks  st-rved  as  ways.  They  pn>Jected  over  the 
edge  ol  the  float  2  feet,  and  on  the  projeetii»«j  end  were  rounded  down  tA  a  height  of% 
inches.     Four  cleats  were  bolted  to  The  ])lattorm  for  use  in  attaching  the  lines. 

The  float  was  used  in  the  same  manner  as  tln^  varions  boats  which  have  been  em- 
ployed in  constructing  c(»ntinuous  revetment. 

Before  any  {>ortion  of  the  mat  ha<l  been  ma<le  to  break  the  onrrent  tlw  pn.— 1» 
against  the  float  was  so  gn^at  that  it  could  not  W.  held  with  safety  perpendicular  to 
the  shore.  Therefore,  in  starting,  the  float  was  placed  along  shore,  and  the  mat  built 
out  towards  tln^  center  of  the  stream  until  a  width  of  70  feet  was  reached.  Weaving 
was  then  commenced  on  the  down-stream  sidf  of  the  mat,  wiih  the  float  in  its  firoper 
position,  p(Tpendicular  to  the  shore.  The  brush  used  being  willow,  the  mat  was  snf- 
lici(>ntly  buoyant  to  snp]>ort  the  men  carry  ng  brush,  and  none  except  the  weaven 
and  their  lii'lpers  were  «•'    the  platform.  » 

The  n]>-streani  edge  of  theplatfonn  was  tipped  below  the  water  as  the  mattress  was 
woven  into  it,  and  to  ])revent  the  current  from  partially  sinking  and  turning  the  float 
a  line  was  attached  to  the  up-stream  outer  corner  and  from  thence  over  the  mat  to  the 
shore  above.  The  ])lace  orcu]>ied  by  the  weaver  was  always  above  water,  and  the 
tipping  of  the  platform  was  of  advantage  in  moving  the  float. 

For  the  purpost^  of  strengthening  the  mat  and  securing  it  to  the  float  2  lines  f  of  an 
inch  in  diamett-r  W(*re  woven  into  it,  one  near  the  outer  edge  and  the  other  IG  ieet 
from  shore.  A  windlass  on  shore  was  employed  in  moving  the  float  from  nnder  the 
mat.  The  ]»rogress  T>er  day  was  at  first  but  about  40  feet,  and  to  hasten  the  work  a 
second  float  was  made,  and  another  gang  of  weavers  employed  as  soon  as  the  first  was 
ill  successful  operat  urn.  This  float  was  place<l  about  nud  way  of  the  unprotected  shorSi 
and  use<l  to  construct  the  mattress  from  that  point  to  the  bridge. 

The  r(»vetment  crossed  the  mouths  of  two  creeks,  which  at  times  of  heavy  rainfall 
discharge  large  (piantities  of  water  into  the  Missouri.  The  work  was  carried  a  short 
distance  up  the  beds  of  these  streams  and  well  weighted  with  rock.  For  sinking  the 
mat  11  cubic  yards  of  roi-k  (about  14  tons)  were  uwd  per  100  linear  feet.  • 

The  work  was  comp1ete<l  to  the  bridge  November  27.  Its  cost  per  linear  foot  was 
$1.<)7.  The  greatest  item  of  cost  is  the  weaving,  and  therefore  for  cheapness  in  this 
form  of  revetment  it  is  re(piisite  that  the  labor  employed  be  skilled  in  the  woik. 
With  the  exception  of  one  man,  the  workmen  employed  at  this  point  wen  withont 
previous  practice. 

The  float  system  is  believed  to  be  advantageous  where  the  amount  of  work  to  ba 
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not  fully  warrant  the  canstniction  of  a  boat,  Tli.ire  may  b«  lui^alil.iu.'f  oo 
«  Mieaouri  River  where  the  streugth  of  the  cmreot  would  forbid  iu  nno,  but  nuch  U 
jt  ^nerally  the  oase.  It  is  WMeatial  thiit  willon  or  olber  briiHh  of  small  anumllc 
mvity  be  lued.  Tiie  chief  ailvaatageH  of  the  float  are  it  cheapneaa,  llie  suiall  cost 
I  lengtbeuiiig  it  for  coimtmctiujj;  a  greater  width  of  revetiueut,  and  the  ease  with 
IJhioh  it  is  moved  from  ander  the  mat. 
Kf&fter  thu  completiou  of  the  revetment,  and  at  a  time  when  the  Krouuil  wan  Matu- 
^riwl  by  a  heavy  Taiutail,  it  was  noticed  that  portions  of  the  upper  ounlc  hail  settled, 
nthnnt  any  apparent  movement  of  the  revetment.  It  was  oviilent  that  the  aotion 
olt  place  entirely  from  above  the  water,  aa  that,  putt  nf  ibe  niattresa  which  wim  on 
.  l6  bank  was  partially  folded  by  the  priwauro  of  earth  affainst  iUt  edjje.  The  water 
which  ooxed  from  the  hank  kept  it  in  a  pluHtic  alAte,  and  tba  clay  weiaed  to  have 
AawhI  down  on  ai^connt  of  the  steepni-'as  of  ihe  Hlopi'.  The  work  rocrived  no  injury 
from  this  I'ausi'. 

Dnring  the  April  ril^"^  of  ItWO  the  shore  end  of  tlie  mat  was  torn  in  several  places  by 
Ihe  current,  there  being  iin  iusiiftluiBiiDy  of  stone  on  the  part  exposed  diiriuK  low- water. 
No  portiou  of  tile  work  was  carried  away,  »nd  all  damage  was  repaired  by  plauiog 
more  stoue  aloug  the  brukeu  «d;;t!. 

Slight  repairs  were  made  at  dike  No.  :l,  on  the  Kansas  shore,  in  July,  1H79.  and  in 
May,  imO,  3  small  luatCresscs  were  put  in  immediately  above  dike  No.  2.  to  repair  a 
break  which  threatened  the  destrnctiun  of  the  dike  at  hi^h  wal«r.  The  hrusli  used  on 
all  work  of  the  season  was  willow.  It  was  parubaeed  in  various  locaUtiea  at  prices 
nngiug  fru[u  10  to  •£>  otiits  per  load  for  the  standing  hrnsh.  The  stone  was  pur- 
ohaHed,  delivered  at  the  work,  for  Uo  uenliS  per  cobic  yanl. 

The  principal  surveys  of  the  uKason  were  made  with  a  view  [o  observing  the  effect 
of  the  out-off  which  took  place  near  Aiiiaznuia,  Mo.,  July  'ii,  isao.  These  snrTeya 
vjll  be  reported  upon  as  soon  as  others  have  been  uiaile  In  note  the  chau^es. 

In  Novemlwr  a  low-water  survey  was  started  at  the  bridge  and  carried  to  a  point  4 
miles  above.  It  then  become  nocesKair  to  disciiarge  the  party  in  order  that  work 
on  the  revetment  might  not  he  eripplei^  through  lack  itf  funds.  The  acoom|Mui,ving 
BMp  is  made  from  the  mites  of  the  Miesonri  Hiver  survey.  The  low-water  sorvey  is 
platted  thereon,  and  throughout  its  extent  the  shore  lines  of  the  general  survey  are 
dotted. 

Since  June  23,  the  date  of  my  letter  to  you  proposine  a  jilan  for  the  expenditure  of 

thapmsent  appropriation  aud  containing  estimates  ttir  Che  future,  no  surveyn  have 

been  made,  ami  consequently  a  more  dullnite  dlscusaion  of  future  operations  than  is 

contained  in  the  letter  referred  to  cannot  yet  be  had. 

,  I  wish  here  to  ucllnowiedge  my  indehtedness  to  Ur.  D.  W.  Wellman,  assistant  engi- 

^^hBMT,  for  the  use  of  notes  of  the  Missouri  River  survey. 

^^^b  The  works  of  construction  at  this  point  were  under  the  local  charge  of  Assistant  D. 
^^K  Prayne. 

^^^H         I  am,  major,  very  respoutfuUy,  your  obedient  servant, 
^^^  D.  W.  Cruhcr, 

^^^BHAJ.  Chah.  R.  SUTICK,  AaiielaiiC  Enginter. 

^^^K  Corpt  of  Eitgineera,   V.  S.  A. 

^^1      IMPROVEMEM  OF  MISSOURI  BIVEH  AT  BROWNVILLE,  NEBRASKA. 

^^"    A  report  u|)oii  tLia  locality  was  BiibinittM  to  you  nmler  dale  of  Feb- 

Tiiary  7, 1880,  aud  put>lidbe(l  &»  Senate  Ex.  Due.  No.  82,  Foi-ly-sixtli  Coug., 

Woond  aessiuu. 

By  lict  appfoved  Juue  14, 1880,  a  small  appropriation  was  made  for 

bvgininijg  iLiH  wurk,  aud  will  be  expeuiled  duiiug  the  preseut  seaaou  in 

the  prosecutiou  ot  tlie  plan  jii-opOMtd. 
This  workisinthe  collection  ilistriot  of  New  OrlenuH,  and  theneat«st.  port  of  delivery 
^^^M  Omaha,  Nebr.     The  nearest  fort  is  at  Leavenworth,  Knns, 

^^HFAmoDDt  of  Tevenne  collected  at  Ouiuha,  Nebr.,  during  liscal  year  ending  June 
^^■Uu,  waBS3,U)5.-21. 
^^^B  Money  statement. 

^^^Bwrnnt  approprinted  by  wt  approved  Juue  14,  1880 tlO,0<W  00 

J«ly  I.  leeo,  amount  avnilBhle 10,000  UO 

Amount  (estimated)  required  for  completion  of  existing  (irtijeot 51.  WO  ''0 

Antonnt  Ibat  can  be  profitably  expended  iu  flscalyearendittg  June  30, 1889.    51,000  00 
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special  report. 

United  States  Engineer  Officb, 

Saint  LouiSj  Mo.j  February  7, 1880. 

General  :  In  accordance  with  your  instructions  of  January  19, 1880, 
I  beg  leave  to  submit  herewith  a  copy  of  a  map  of  the  Missoori  Biver 
in  the  vicinity  of  Brownville,  Kebr.,  made  under  my  direction  during  the 
past  season,  and  also  a  report  of  my  assistant,  Gapt.  Thomas  H.  Hand- 
bury,  Corps  of  Engineers,  U.  S.  A.,  giving  the  details  of  the  situation, 
together  with  plan  and  estimates  for  a  partial  improvement  of  the  river 
in  this  vicinity.  The  plan  proposed  and  the  estimates  are  approved  by 
me.  It  is  only,  deemed  necessary  for  the  present  to  hold  the  left  bank 
opposite  and  above  the  town  and  the  right  bank  below  it,  thus  prevent- 
ing further  injurious  changes,  leaving  the  question  of  the  complete  rec-' 
tification  of  the  river  in  this  vicinity  for  future  consideration.  To  cany 
out  this  plan  some  22,000  feet  of  mattress  revetment  will  be  needed, 
and  the  estimate  is  as  follows : 

For  22,000  foot  of  rovetnient,  at  (2.50  per  foot tS6f000 

Contingencies,  &c 6,000 

Total 61,000 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Ghas.  B.  Suter, 
Brig.  Gen.  H.  G.  Wright,  Major  of  Engineers. 

Chief  of  Engineers  J  U,  8.  A. 


report  of  capt.  thomas  ii.  handburt,  corps  of  rnoinebr8. 

United  States  Engineer  Officb, 

Saint  Louis,  Mo,,  February  6,  16S0. 

Major:  In  obedience  to  yonr  recent  verbal  instrnctionH  to  prepare  and  sabinit  a 
plan  and  estimate  for  the  iin{»roveiiient  of  the  Minsouri  River  in  the  vicinity  of  Brown* 
ville,  Nebr.,  I  have  the  honor  to  Miibinit  the  foUowiug : 

After  a  careful  study  of  the  nmp  of  the  MiHsouri  River  in  this  vicinity  recently 
made  by  your  aHdistant^  D.  W.  Welhnan,  and  of  others  of  older  date,  and  from  conveiv 
satiou  with  those  who  are  familiar  witii  the  loeality,  I  find  that  for  several  years  past 
the  river  has  xecu  eroding  the  ri^ht  bank  in  front  of  an<l  below  the  town,  and  the 
left  bank  just  opposite  and  in  the  ben<l  above,  to  such  an  extent  as  to  materially 
widen  the  bed  and  docresise  the  deptli  of  the  navi«rabl(*  water-way.  It  is  evident  that 
if  these  erosions  are  not  checked,  the  navigation  of  the  river  in  this  vicinity  will  be 
seriously  impaired.  Brownville  is  a  point  of  consitlerable  importance  as  a  crossing  of 
the  Missouri  Uiver.  Tlie  ferry  fatnlities  for  crossin>i;  the  emigrants,  stock,  grain,  and 
produce  of  all  kinds  that  center  here  have  heretofore  been  very  good,  but  there  is 
great  danger  that  if  the  erosion  of  the  ])oint  at  which  the  eastern  landing  is  mads 
continues  much  farther,  shoals  and  bars  will  be  formed  in  the  widened  bed  of  ths 
river  that  will  n^iider  hmg  detours  necessary,  and  perhaps  break  np  the  ferry  entirdy. 

By  the  ex])enditnre  now  of  a  very  rea^cmable  amount  of  money  tiiese  erosions  can  DS 
stopped,  whereas  if  the  matter  is  deferred  until  a  later  day,  great  detriment  to  navi- 
gation will  result,  the  ultimatt)  expense  of  remedying  which  will  be  very  niuoh  in* 
creased. 

For  the  present,  I  would  recommend  that  the  left  bank  be  revetted  from  the  ferty 
landing  up  for  a  distance  of  5,000  feet.  It  might  be  well  also  to  make  provision  nr 
extending  this  some  10,(^00  feet  farther,  in  cai^e  the  main  channel  of  the  river  siuraM 
fall  against  the  concave  side  of  Rockport  Bend.  I  would  also  revet  the  right  bank 
from  about  the  ferry  landing  down  tor  a  distance  of  7,000  feet.  This  I  deem  to  bs 
necessary  in  order  to  prevent  further  widening  of  the  river  bed,  and  to  preserve  mneh 
valuable  laud  from  being  washed  away.  This  will  make  about  S22,000  net  of  bank  to 
be  revetted. 

I  say  for  the  present  I  would  recommend  this  to  be  done^  but  I  do  not  ngaid.  this 
as  the  ultimate  solution  of  the  problem.  The  true  remedy,  in  my  opinionf  is  to  rerto— 
the  shore  line  of  the  left  bank  to  something  like  what  it  was  before  tne  reoont  n¥ti  Willi 
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erosions  began,  and  then  to  revet  the  banks  on  both  bides  of  the  river  for  some  distance 
Above  and  below  the  town.  This  part  of  the  improvement  I  do  not  deem  it  necessary 
to  commence  at  present.  Its  consideration  will  naturally  come  np  when  the  problem 
for  improving  the  general  navigation  of  the  river  is  under  discussion. 

Upon  the  accompanying  map  I  have  indicated  the  portion  of  the  banks  that  I  think 
it  expedient  to  revet  as  soon  as  funds  can  be  made  available.  The  revetment  that  I 
would  propose  for  adoption  here  would  be  some  form  such  as  has  been  used  with  suc- 
cess during  last  season  at  the  several  localities  along  the  river  where  works  of  improve- 
ment were  carried  on  under  your  directions,  and  such  as  was  reconmieuded  in  my  re- 
S)rt  to  you,  dated  January  28, 1880,  on  the  improvement  of  the  Missouri  River  between 
maha  and  Plattsmouth. 

I  estimate  that  in  this  locality  the  revetment  can  be  made  for  82.50  per  running  foot 
of  bank. 

At  this  rate,  the  estimate  for  that  which  I  deem  necfssary  to  be  done  under  the  i)res- 
ent  project  will  be  as  follows : 

For  22,000  feet  of  brush  revetment,  at  $2.50  per  foot $55, 000 

Superintendence,  contingencies,  &c 6, 000 


Respectfully  submitted. 
Your  obedient  servantt 

Maj.  C.  R.  SuTER, 

Corps  of  Engineers,  C.  S.  A. 


1)1,000 


Thos.  H.  Haxdbury, 

Captain,  Corps  of  Engineers. 


Q  II. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  EASTPORT,  IOWA,  AND   AT  NE- 
I  BRASKA  CITY,  NEBRASKA. 

At  the  (late  of  my  last  report  work  was  in  progress  at  this  locality, 
inaiDly  directed  to  saving  the  work  of  the  previous  year.  This  was  at 
length  accomplished,  but  at  the  expense  of  a  large  portion  of  the  appro- 
priation. Work  was  then  begun  on  the  works  of  channel  rectification, 
and  some  very  excellent  methods  of  construction  for  this  class  of  works 
were  devised.  The  season  for  favorable  work  had,  however,  passed  by, 
and  lack  of  funds  prevented  the  works  from  receiving  the  proper  exten- 
sion. The  same  remark  applies  to  the  new  revetment  work  constructed, 
much  of  which  was  destroyed  by  the  floods  of  this  season  owing  solely 
to  the  reason  that  it  was  incomplete.  These  facts  are  the  more  discour- 
aging as  there  is  little  doubt,  from  the  temiK)rary  success  achieved,  that 
a  Bufflcient  amount  of  available  funds  would  have  enabled  us  to  accom- 
plish the  objects  proposed.  The  appropriation  for  this  year  is  smaller 
than  ever  and  will  accomplish  little,  and  it  cannot  be  too  strongly  urged 
that  if  the  ruinous  system  of  small  annual  appropriations,  entirely  in- 
commensurate with  the  estimates,  is  to  be  kept  up  for  these  works  on 
the  Missouri  River,  there  is  no  telling  how  much  they  will  eventually 
cost  nor  whether  they  can  ever  be  completed. 

Daring  the  season,  in  addition  to  the  repairs  on  old  work,  there  was 
constructed  2,000  feet  of  revetment,  1,200  feet  of  sand  fence,  3,000  feet 
of  willow  curtain  dike,  and  1,000  feet  of  wire  curtain  dike.  These  latter 
constructions  are  novel  and  interesting;  they  are  fully  described  in  the 
appended  report  of  Assistant  L.  E.  Cooley,  who  had  charge  of  the  work. 

During  the  present  season  the  various  works  of  bank  protection  and 
channel  rectification  will  be  extended  as  far  as  the  funds  available  will 
allow. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  i)ort 
of  dellTery  is  Omaha,  Nebr.    Tlie  nearest  fort-is  at  Leavenworth,  Kans. 

Amoant  of  revenne  coHected  at  Omaha,  Nebr.,  during  tiscal  year  ending  June  30, 
1880,  was  <^605.21. 

90e 
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Money  statement. 

July  1,  1^79,  amouiiT  iivuilable i^i:',  053  15 

Aiuouiit  ai>i»n>iiriated  bv  art  approved  June  14,  18^0 14,000  00 

#42, 055  15 

July  1,  1':'80,  amount  rxpendcMl  duiiujj;  tisral  year 27,4'J6  IS 


July  1,  IbW,  auKKiut  available 14,61^  20 

41,00<MH) 

ItfrtJ.     41,00<i  m 


Amount  (estimated)  require<l  for  eompletitm  of  existing;  j)i"<yect 41, 00<>  IK) 

Amount  tliat  can  be  proiitably  expended  in  liseal  y<*ar  endin|<  June  IW, 


I{f:iH»liT  OF   MK.    L.    K.    COOLKY,    ASSISTANT   KNGINKEK. 

Nedhaska  City,  Nebr.,  JulyHB,  1«^0. 

Major:  I  have  the  houtu-  to  submit  the  following  report  of  operatioDB  at  NeliroMka 
City  and  vicinity  during  the  fiscal  year  ending  June  30,  18ri0.  These  operations  were 
eonduete<l  in  general  acc(udanee  with  llie  preliminary  project  of  July  14,  1879,  which 
<"outemplate8  the  ultimate  recti fieation  of  the  river  from  the  vicinity  of  Joues'  Point 
to  Nebraska  City,  a  distance  of  some  15  miles.  The  experience  of  the  pant  two  yearn 
lias  continued  the  i<1ea  of  the  original  project  that  any  improvement  which  acootu- 
plishes  Ihe  objects  desired  at  this  ]>oiut  im{)lies  the  complete  control  of  a  considerable 
reaeh  of  river.  At  the  present  writing  it  is  believ<'d,  it  jicnuanence  be  at  all  consid- 
ered, that  it  is  not  only  wisest  but  cheajiest  to  commence  above  the  place  tol»e  att'ected 
at  some  permanent  nodal  ])oint  wliere  easy  control  of  the  direction  of  the  stream  may 
be  had,  w<u-king  thence  <lown  stream.  Works  are  then  placed  on  the  sites  of  caused 
rather  than  on  the  sites  of  efte<;ts,  and  c(uitroI  forces  which  caniuit  be  directly  rcKistcHl 
exce])t  at  great  aiul  uncertain  exjiense;  snccessful  works  may  be  ontdanked  by  the 
uncontrolled  river  of  sueceeding  years. 

'i'he  vital  nature  of  eertain  ])oints  to  be  pn)tected,  combined  with  onmiprcsent  local 
interests,  freipientiy  demand  works  on  the  sites  of  elfects,  and  it  is  too  omu  the  earn) 
that  more  money  is  exi>ended  in  constructions  of  doubtful  stability  than  would  In* 
re<{uired  for  com])lete  rectifieatioii  and  reasonable  ])ernianence. 

The  absolute  necessity  of  holding  Kast])ort  Point  at  all  hazards  demanded  the  con- 
struction of  works  of  )>rotecti<ni  at  that  place  in  187.'t.  The  changes  which  occurred 
in  the  spring  of  l^l»  (fully  <lescribed  in  report  of  last  year)  pnjvwl  these  works  to  l>e 
ina<le4uate,  and  in  the  tight  which  look  jdace  against  water  60  feet  deep  running  at 
H  miles  per  hour,  although  ultimately  successful,  a  larger  portion  of  the  appropriation 
was  ex]>ended,  leaving  but  a  limited  amount  for  the  scheme  of  pennanent  rectihcation 
Could  all  the  funds  have  been  devoted  to  that  <d)ject  it  is  believed  the  project  would 
now  hv.  well  a<lvance<l  towards  <-ompletion. 

The  balance  available  was  exjuMided  in  making  borings,  in  surveys,  and  in  construe-. 
tion.  The  nature  of  strata  underlying  banks  that  cut  at  the  rate  of  a  thousand  or 
more  feet  ]»er  year  antl  what  td»st  ructions,  if  any,  to  a  ])roieeted  shore  line  mi)>;ht  exist 
beneath  the  surfactr  of  th<'  bottom,  were  regarded  as  questions  of  paramount  practical 
im])ortance  as  well  as  of  much  scientitic  interest.  The  results  of  the  38  borin|rs  made 
\(*  ])ermanent  strata  by  Assistant  E.  N.  Wils<m  are  presented  in  his  report  to  you. 

Much  physical  data  has  been  collected  at  odd  times  by  the  party  engagctl  for  the 
most  i)art  in  studying  the  effects  of  the  works  of  construction,  but  as* their  labors  were 
prematurely  cut  bliort  by  the  orders  of  (October  16,  1879,  the  discussion  of  the  results 
is  deferre<l  until  opportunity  is  furnished  to  make  the  data  more  adequate. 

The  works  of  construction  consisted  of  about  1,0<)0  feet  of  revetment  below  the  mouth 
of  Walnut  Creek  at  the  foot  of  Cojieland's  Bend,  and  another  thousand  below  Lam- 
bert's orchard  in  Civil  Bend:  of  a  curtain  dik<^  above  Neligb*H,  and  a  second  nearly 
opposite  tin?  old  dike  of  H77.  designed  as  part  of  the  works  to  direct  the  river  in  the 
desired  course  through  Copeland's  Jieu<l :  of  a  sand  fence  opposite  Neliglfs  for  the  pur- 
pose of  building  up  tlie  bar:  and  of  a  surface  mat  in  Eiistport  Bend  for  the  puriKwe  of 
preventing  the  advance  of  the  pocket  around  the  bend  and  the  flanking  of  the  workn 
i)elow. 

Some  description  of  the  changes  of  the  river  in  this  reach  is  necessary  to  a  pro]ier 
understaniling  of  the  object  of  these  works  and  of  their  results. 

The  point  to  which  much  change  has  been  apparently  due,  in  part  at  least,  is  about 
'A  miles  above  Jones'  Point  and  is  called  Pin  HiMik.  This  is  a  sharp  irregularity  in  the 
blutl',  nnyer-ting  to  oii«'-half  tb<^  width  of  the  normal  river.  To  Jones'  Point  befow.  Hie 
shore  line  has  a  curvature  of  about  40  <legrees. 

A  slight  change  in  the  vicinity  of  Pin  Hook  will  cause  the  river  to  leave  the  ahore- 
line  beltjw  and  follow  the  <hord  of  the  curve,  as  it  does  follow  the  curve  on  this  chord 
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in  ite  course  to  the  oastward  or  tbe  westward  of  tlie  larg«»  mi^Ulle  bar  below  Jones' 
Point.    Tliis  bar  is  on  the  site  of  old  Hurricane  Island. 

When  the  river  ran  to  the  westward  of  the  bar  it  impinged  heavily  on  the  shore  of 
Civil  Bend  at  Lambert's  Orchard,  and  excavated  there  a  l.irge  pork«*t,  striking  the 
blnfT  high  above  Wyoming  Landing.  This  seems  to  have  been  the  ease  at  the  time 
of  the  first  survey  in*  1»*76  and  ld77.  By  1^78  the  river  liad  shifted  to  the  eastward  of 
the  bar,  and  the  place  of  erosion  had  been  transferred  to  the  point  beltjw  the  pocket. 
Every  indication  seemed  to  make  it  probable  that  the  river  would  liold  to  this  course 
for  several  years,  or  until  the  project  below  could  be  eonsummatcd,  when  this  portion 
coald  be  given  proper  attention. 

The  project  was  to  revet  the  pocket  and  allow  the  point  to  cut  away,  extending 
the  protection  down  jis  fast  as  the  new  shore  developed  to  a  fair  line.  The  cutting 
away  of  this  jioint  would  allow  of  the  desired  course  through  Copeland's  Bend  free 
from  contac^t  with  the  Wyoming  Bluffs.  According  as  the  river  had  met  these  blufi's 
was  it  to  a  certain  extent  inlluenced  in  its  wanderings  below. 

Up  to  al)Out  July  5.  1879,  the  river  continued  to  the  east  of  the  bar  below  JoneV 
Point.  The  point  of  land  and  tbe  bar  opposit<*  Wyoming  cut  awjiy  rapidly,  and  the 
blnff  contact  nearly  disappeare<l  at  Xeligh's.  The  changes  below  were  most  marked, 
and  the  river  seemed  in  fair  way  to  accomplish  fully  the  object  <lesired — a  fortunate 
cir.'nmstance,  aa  all  energies  wen'  then  concentratejl  in  tbe  bare  task  of  holding  East- 
port  Point. 

Between  the  oth  and  the  I5th  of  July,  the  channel  shift«'d  to  tbe  westward  of  the 
bar  below  Jones'  Point  and  struek  heavily  against  the  n?vetment  in  Civil  Bend.  The 
bluif  contact  at  Wyoming  moved  rapidly  up  str(»am.  and  the  advantage  gained  below 
in  Copeland's  Ben<\  seeme<l  likely  to  be  lost.  As  soon  as  the  forces  eould  be  withdrawn 
from  Eastport  P(unt,  a  dike  of  willow  curtains  was  constructed  above  Neligh's  on 
such  a  line  as  would  preserve  the  dinjction  in  which  the  river  ran  wliile  it  wjis  ac- 
compliKhing  the  changes  below,  and  prevent  it  from  striking  the  blut!s  and  returning 
to  its  old  course.  This  plan  succeeded  beyond  our  most  sanguine  expectations,  but 
ere  the  results  could  be  secured  the  appropriation  was  exhausted. 

Meantime  a  second  dike  was  constructed  below  from  the  bar  side  on  left  bank,  de- 
signed to  increase  the  wi<lth  of  accretion  and  i>os8ibly  to  force  the  water  down  the 
clinte.  This  dike  failed  to  force  the  wat/Cr  in  tbe  chute,  but  otherwise  was  an  am}»le 
sQCcess. 

The  unanticipated  cliange  below  Jones'  Point  altered  materially  the  problem  in  Civil 
Bend.  Revetment  originally  designed  to  resist  erosion  from  nearly  tangential  flow 
was  now  subject  to  direct  impact.  This  revetment  was  (»f  the  same  width  as  that 
oiiffinally  designed  for  Eastport  Point,  and  like  it,  under  similar  conditions,  it  failed, 
and  for  a  length  of  1,000  feet.    The  success  at  Wyoming  led  us  to  believe  that  the 

Jiroject  could  be  still  carried  out,  and  accordingly  a  very  strong,  continuous  mattress, 
00  feet  wide,  was  laid  down  on  modified  lines  in  place  of  that  which  had  been  found 
inadecinate.     The  design  was  to  extend  it  either  way  as  the  shore  cut  to  a  fair  line. 

MATTRESS  WORK. 

The  mattress  work  on  Eastport  Point  was  not  completed  at  the  end  of  the  last  fiscal 
year.  The  surface  portion  was  everywhere  widened  sufficiently  to  provide  for  scour 
Co  rock  Mid  covered  with  earth  as  a  pr(»tection  against  sun  and  air.  Part  of  this  sur- 
face portion  was  constructe<l  on  the  system  of  woven  mattress  work  described  in 
Aasistant  Yonge's  report  to  yon  for  1879.  By  the  end  of  July  the  pocket,  which  had 
cut  from  the  uea<l  of  Eastport  Bend  and  attained  a  depth  of  1,30()  feet,  was  within 
three-quarters  of  a  mile  of  the  revetment.  It  was  thought  that  a  very  strong  surface 
mat  placed  at  the  point  of  the  ])ocket  might  stop  it-s  progress  around  tht;  bend  and 
throw  the  river  out  into  the  bar  away  from  Eastport  Point.  The  partial  success  of  a 
small  snrface  mat  above  the  root  of  1878  was  auspicious. 

Accordingly  a  mattress  of  an  area  of  31,500  square  feet  was  woven  from  dogwood 
brush  and  strongly  sc»wed  with  wire  and  heavily  weighted  with  rock.  When  about 
one-half  its  width,  or  80  feet,  had  caved  into  the  water  it  began  to  tear  or  break  at  the 
edge  of  the  bank,  now  6  to  8  feet  high.  With  additional  caving  the  mat  appea^re^l  to 
be  entirely  wrecked  except  a  small  corner.  However,  as  the  erosion  at  this  point  was 
decidedly  checked  while  it  continued  above  and  the  channel  ranidly  swung  over  into 
the  bar  opposite,  much  to  the  safety  of  Eastport  Point,  I  am  inclined  to  credit  it  with 
considerable  influence,  especially  as  portions  of  the  mat  were  found  in  position  as  late 
as  October. 

As  an  ex]:>eriment  it  simply  demonstrated  that  a  woven  mat  of  dogwood  brush  well 
sewn  with  wire  lacked  sufficient  strength  for  the  ))urpo8e.  It  was  thought  that  a 
more  flexible  mat  of  willow  brush  woven  on  a  very  strong  wire  netting,  well  weighted, 
would  have  been  an  unqualified  success. 

All  of  the  revetment  of  the  fall  of  1879  was  woven  from  willow  brush  in  continuous 
eng^hs.    The  general  width  was  100  feet  from  top  of  bank,  the  thickness  5  to  12 
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iiiclK's,  and  from  3  to  4  i>oun(l.*>  of  rock  to  the  »< plant  foot  was  iitsed  as  ballast.  Tlio 
bankH  in  all  ruses  won"  sloped  V.H  to  1.  Tho  ex]M'rimciit  of  weaving  on  the  surface  of 
the  Avator  \vithoiit  a  boat  failed,  as  tbc  mat  in  a  few  lionrs  bO  loaded  tip  with  sediment 
iiH  to  sink. 

As  th(.'  work  cont('mi>Iati'd  was  limited,  the  old  mattress  was  temporarily  adapted 
to  the  piir{>ose.  The  hull  was  turned  at  right  angles  to  the  current,  a  curved  rake 
]>laei'd  on  tlu*  uppt-rside  andnee<lles  iirojecting  up  stream  cm  which  to  weave  the  niat. 
Tli(»  motion  of  tiio  }>oat  was  controlled  by  capstans  and  winches  through  lintw  ninuing 
aft.  A  headline  was  used  for  the  outer  v\u\  of  tbe  boat.  This  was  chiefly  for  safety, 
as  tlu'  actual  strain  down  stream  was  larjrely  taken  by  thn»e-eigliths-inch  lines  woven 
into  the  mat  and  ]>aid  out  or  regulated  at  iirst  by  hand  but  afterwards  by  a  tensicm 
ap])aratus.  The  plan  of  substituting  wire  for  the  thrue-eightlis-iuch  rope  pn>vwl  un- 
satisfactory as  the  wire  broke,  and  experiments  were  made  with  small  wire  rope,  a 
crude  machine  for  making  it  having  been  devistMl,  but  they  were  not  concluded  when 
the  work  tenninated. 

The  progi'ess  of  the  weaving  was  much  facilitated  by  brusb-racks,  which  held  the 
bnish  until  wanted  by  the  weavers. 

The  mattress  work  was  woven  with  (extreme  care.  The  most  rajtid  work  was  on 
the  piece  in  Civil  H«nd,  which  did  not  exceed  75  feet  per  day  and  cost  l^l.UHper  linear 
foot.  The  limited  amount  of  this  mat  which  can  be  nuide  in  a  day  and  its  exiYense 
are  serious  drawbacks.  It  is  not  b(;lieve<l  possible  to  so  perfect  it  as  to  exceed  100  or 
150  feet  per  day  or  to  reduce  the  cost  to  less  than  $1.50  ])er  linear  foot  for  a  thickness 
of  S  inches.  This  thickness  may  })e  considcn^d  the  limit  of  this  style  of  mat  for 
strength  and  rapid  weaving. 

CX'RTAIX   WORK. 

Curtains  and  wire  nets  as  used  in  the  place  of  the  ordinary  weed  for  floating  dikes 
arc  constructions  which  we  think  Nebraska  City  can  claim  as  entindy  novel. 

We  believe  the  first  dike  of  Browulow  weeds  made  in  this  country  was  constructed 
by  Assistant  lioehmer,  at  Nebraska  City,  in  1877  (fully  descri1>ed  and  illustrat4.*cl  in 
his  re])ort  of  IKTr').  Assistant  Hoehmer  again  used  them  at  Omaha  in  1878,  and  Asisiat- 
ant  Davis  constructed  a  moditied  form  at  Atchison,  the  same  season.  In  varituis  shapes 
they  were  used  at  all  the  works  of  ini])rovement  in  1879. 

The  theory  of  this  construction  was  that  the  partial  checking  of  the  current  caused 
a  de])osition  of  the  materials  transported,  thus  buihling  up  a  bar,  the  channel  mean- 
time 8<*eking  a  less  obstructed  locality. 

The  experience  with  individual  weeds  in  1879  was  that  they  opjMise^l  their  maxi- 
mum resistance  at  the  beginning,  their  size  continually  decreasing.  This  necessitated 
heavy  anduu-age  and  much  labor  in  placing.  The  fastenings  were  freouentlv  worn 
away  by  the  ceaseless  rotation.  It  was  practically  impossible  to  make  tliein  thick  at 
tlu'  bottom  where  most  n<.M.>(led  and  to  jdant  them  at  regular  intervals  so  that  they 
would  i)resent  a  uniform  resistance  to  the  current.  The  result  was  that  the  bars 
thrown  u]>  wen^  full  of  dvv.\)  chanuelings  from  the.  thinner  portions  of  the  dike,  and 
that  the  <like  itself  was  uiisui»i>orted  by  the  growing  bai-s  from  the  fact  that  the  rapid 
llow  iM'ueath  kt'pt  the  immediate  vicinity  fn'e  from  <leposits ;  even  theanchtirage  was 
gradually  undermiiK'd,  causing  a  general  s<'ttlement.  If  to  counteract  these  tenden- 
cies, and  alsothe  diminisiiing  resistance,  a<hlitioual  w(>c<ls  wert^ a]iplied,  the  dike  hood 
began  to  act  lik(>a  solid  spur  or  dam  with  powerful  eddies  and  silting  due  only  todeod 
water  or  eddy  acti(m.  TIh'  dike  was  still  unsupported  by  its  deposits  usually* existing 
on  ♦'ither  si<le.  In  the  fall  of  lH7fl,  the  larg*^  (juantity  of  material,  as  grass,  rootlets, 
and  general  debris  sus|«'U(h'd  or  ]loatin;|^  in  the  water  was  first  noted.  In  the  spring 
of  1879  ex])erinients  were  made  on  various  forms  of  willow  grating  or  screrns,  aoa 
the84'  were  ])artly  illustrated  aiul  d«*scribed  in  my  re]iort  for  last  season.  The  type 
adopted  is  fully  illustrated  elsewhere. 

Tlie  general  ]dan  of  curtain  used  was  a  grating  of  willow  brush  lOO'  by  IW  ;  the  de- 
sign being  to  make  them  of  a  width  equal  to  twice  the  depth  of  water  in  which  they 
were  to  be  placed,  aiul  of  any  ciuivenient  length. 

These  curtains  wen*  const  riicted  as  follows:  On  light  ways  No.  13  wires  under  slight 
ti'iisicui  were  placed  4  feet  a])art.  A<'ross  these  willow  brush  of  1  to  2  inches  diameter 
at  the  butt  were  lai<l,  and  tlien  a  secimd  set  of  No.  13  wires  immetliately  over  the  fint. 
The  upjier  and  lower  parallel  wires  were  twisted  together  between  each  brush  atspaoet 
of  0  to  8  inchi's.  The  curtain  was  rolled  up  at  the  foot  of  the  ways  as  completetj^and 
the  c(ui8truction  continued  until  the  desired  length  of  100  feet  was  ohtnined,  the  roll 
being  about  "2^  feet  in  <liaiuet«*r.  The  two  seams  at  the  anchor  edge  were  of  No.  IS 
wire  and  I  foot  apart.    Short  No.  10  anchor  wires  were  placed  at  intervals  of  5  feet. 

In  ])lacing  these  curtains  two  50-f»>ot  barges,  IsisIkhI  end  to  end,  were  use<1.  For 
moving  ami  shifting  tln'ir  positions  a  system  of  fcuir  lines  was  found  necewary.  Vori- 
ous  kinds  of  m(M>ring  anehors  were  tried,  and  linally  a  modified  form  of  Chinese  an- 
chor \«as  (h'vised,  whieh  proveil  entirely  satisfactory.     Running  the  length  of  the 


APPENDIX    Q.  1429 

rtowii-stream  ;j;iiiiwale  of  <*ndi  of  the  barges  was  a  i^-inrli  ^as-jiipc  tiunblinjij-beain, 
providfd  at  intervals  of  5  feet  with  irf)n  j>iii.s,  to  eaeh  of  which  was  siisi)einh*d  a  roek 
of  about  2(K)  poniids  weij^ht  by  means  of  a  wire  bail  or  sling. 

The  curtain  wasnnroUed  b<;hin(l  the  barges  and  eaeh  of  the  wire  fastenings  secured 
to  its  individual  rock.  Poles  were  usually  lashed  to  the  <>pposite  edge  and  as  many 
bnoys  secured  thereto  as  desired.  The  two  tumbling-b<'ams  were  then  tripped,  the 
whole  constnu'tion  taking  its  position  in  the  water  without  <langer  of  wrecking.  The 
barges  %vere  drojjped  over  the  curtain,  and  usually  a  half-curtain  length  in  the  direc- 
tion of  the  dike,  and  the  t»i)eraf  ion  repeatetl.  Thus  each  curtain  was  placed  at  nearly 
right  angles  to  the  current,  whih^  the  direction  of  the  dike  itself  made  any  desin^l 
angle. 

The  merit  of  this  coustructiou  lies  in  its  excee»ling  case  of  launching  and  in  its  ac- 
tion thereafter.  The  resistance  at  first  is  c<miparatively  small,  bnt  greatest  near  the 
bottom,  where  the  curvature  is  flattest,  and  there,  inu'nediately  through  the  curtain, 
fill  commences,  thns  secturing  the  anchorage  as  the  first  effect.  In  a  few  honrs,  how- 
ever, the  strain  in<;reases  from  the  continued  accumulationsof  fiber  and  general  debris. 

The  mode  of  action  of  the  current  is  deceptive*  and  essentially  different  from  that  of 
the  ordinary  Brownlow  weed.  In  the  latter  the  ceaseless  motion  of  the  brush  trailing 
in  the  direction  of  the  current  prevents  the  accumulation  of  fiber  and  (Jebris  to  any 
extent;  the  resistance  diminish(;s  rather  than  increases,  and  deposition  is  largely  ac- 
complished through  dead  water  or  eddy  action.  The  former  fills  through  and  is  sup- 
jwrted  by  its  accretions  with  no  deep  water,  unless  its  interstici's  are  too  close.  It  is 
essentially  a  reef  builder,  initiating  a  bar  on  nature's  i»lan.  The  material  is  largely 
polled  in  under  swift  currents  that  run  wild  like  the  currents  of  a  falling  stage  on  a 
shallow  crossing  that  has  not  yet  defined  its  channel. 

It  was  notic<Ml  that  after  the  accumulation  of  fiber  on  the  willows  had  reached  a 
certain  amount  it  was  liable  to  rotate  or  slip  off,  this  action  taking  ydace  easiest  with 
the  larger  willows,  while  the  wMres  of  th<^  cnrtain  retained  it  better.  Accordingly 
some  experiments  were  made  with  small  sections  of  wire  net,  and  it  was  found  that 
even  on  the  low-water  of  September  each  wire  wouhl  grow  to  be  one-half  to  three- 
quarters  of  an  inch  in  dianu^ter  in  the  8i)ace  of  24  hours,  while  the  net  itself  would  bo 
covered  with  a  miscellaneous  assortment  of  debris. 

AitiiT  much  delay  a  net  '2U0  by  40  feet  was  c(mstruct(?d  and  jdaced  near  the  foot  of 
the  curtain  dike  at  \yyoming,  as  this  was  the  only  pla^-e  where  a  construction  of  this 
character  was  as  that  time  desired.  Although  the  water  was  25  feet  deep  and  swift 
for  the  season,  it  was  put  in  without  difficulty.  In  an  hour  each  wire  liad  a  continmms 
trail  of  fiber,  and  in  two  hours  considenible  resistance  was  apparent.  In  24  hoiirs  all 
the  bnoys  had  been  sunk  and  the  shore  fastenings  wrecked,  the  top  of  the  net  being 
bnt  12  to  15  feet  from  the  bottom  of  the  river.  It  filled  up  about  11  feet  in  a  week? 
time. 

The  trouble  lay  in  the  fact  that  the  meshes,  which  were  diamond-shaped  and  12  by 
4  inches,  were  entirely  too  small,  causing  the'a<"tion<»f  a  dam  or  solid  dike  rather  than 
that  of  a  cnrtain. 

The  exiM'riment  was.  howt'ver,  a  crucial  one  as  to  the  proper  direction  to  be  followed, 
plainly  indicating  the  continuous  wire  net  as  the  fnture  dike.  As  the  mode  of  con- 
Btmction  was  n<»t  sufliciently  satisfactory,  a  plan  of  making  a  hexagonal  mesh  rapidly 
and  cheaply  was  dt^vised,  but  no  (Opportunity  of  applying  it  was  furnished. 

The  constructive  merit  of  both  the  curtain  and  net  is  in  the  fastening,  which  is  rap- 
idly made,  efli<"ient,  and  reliable.  It  ccuisists  simply  of  two  parallel  wires  under  ten- 
siwii,  twistefl  together  by  an  awl  inserted  between  tliem. 

The  first  curtains  were  jjut  in  without  buoys.  The  upi>er  edge  usually  took  a  position 
aliont  4  or  .'>  feet  from  the  bottom,  an<l  the  fill  would  frequently  amount  to  3  feet  in  24 
honm,  but  none  thereafter.  This  fill  tended  to  sink  the  curtains  or  drag  them  down, 
a  phenomena  also  observed  with  buoys,  their  tojis  finally  reaching  a  level  fnmi  2  to  4 
feet  below  that  originally  sustained. 

The  first  work  was  decidedly  experinuMital.  The  Wyoming  dike  was  actually  c(m- 
stnictcfl  in  the  last  two  weeks  in  August  at  a  stage  <lecreasing  fnuu  3  feet  to  low- 
watiir.  Its  loi-aticm  was  on  the  r(u*f  above  the  trough  at  the  bluffs,  where  the  current* 
were  more  than  ordinarily  swift  and  tenacious  of  their  directi<ui.  The  general  depth 
alongthe  line  increased  fnmi  12  to  25  feet,  althfMigh  the  actual  <lepth  encountered  was 
not  over  15  feet,  as  pai'tial  fill  preceded  the  <*onstruction,  each  curtain  being  placed,  as 
it  were,  partly  in  the  shadow  of  its  joredecessor.  , 

Reanlts  developed  with  uu<'xpected  rapidity.  In  two  or  three  w*eeks  bars  began  to 
show  themselves  above  the  surface;  not  over  2  feet  of  water  existed  thnuighout  the 
lenffth  of  the  dike,  scune  2,4<M»  feet,  and  a  c<msi<lerable  bar  traile<l  from  its  extremity. 
Bnt  little  effect  was  produced  until  the  thread  of  the  current  leading  to  the  trough 
hehind  was  reached.  Here  was  a  steady  fight  for  a  c(Hiple  of  days,  after  which  the 
channel  line  Iw'gan  to  swing,  this  m(»venient  being  continuous  as  the  dike  progrt^ssetl. 

The  work  below  Wyoming  con8ist<Ml  of  a  sand-fence,  ctmnnencing  alK)Ut  1,200  feet 
above  Boehmer*s  dike  and  running  across  the  bar  to  the  water's  edge,  thence  a  dike  to 
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the  edgf  of  tli«^  fuiniif  or  about  1,200  fwt  from  the  0]iiKMite  bluft*,  turning  down 
Htrcaiii  ou  a  Iiii<^  paralli*!  to  the  same.  The  saiul-feiice  was  eonstnicted  on  the  plan  of 
1878.  Acrosii  tlie  Mou^h,  100  feet  \su\v  near  shore,  a  road  of  brush  and  hay  had  been 
made,  and  over  this  was  plaeetl  a  well  braced  frame-work  of  poles  and  wire,  the  poles 
being  deeply  drivfii  into  the  mud  at  intervals  of  5  fei;t;  the  ^uiriMisi*  was  to  proclnce  a 
gradual  aecumulation  of  drift  an<l  thus  clost;  this  slough.  The  saud-feuce  at  the  bar 
edge  was  ])rotected  by  a  mrtain  jiartly  supimrted  on  poles  and  inelosing  its  eud. 

In  line  with  this  fenee  a  dike  of  stiff  or  horii^ontal  weeds,  on  the  plan  of  Aosistaiit 
Nier,  was  cxtendetl  for  300  feet  until  deei>  watrr  was  reacheil,  and  then  down  on  th»* 
proposed  line  Z(M  feet  farther.  Their  eonstruetion  was  so  rapid  and  simple,  that  it  was 
hoiM»d  to  build  the  dike  with  them  alone  as  the  water  on  this  en)ssing  was  but  e!  to  I'i 
feet  jleej).  However,  when  thiN  length  was  reached  it  was  found  that  the  water 
l>egan  to  roll  over  and  undermine  the  weeds,  that  the  dejiosits  were  some  distance  be- 
low, and  that  scour  around  the  end  prevented  useful  progress.  In  onUT  to  strengthen 
the  work  a  second  and  again  a  thinl  lim?  of  stiff  weeds  were  placed  over  the  con- 
structed portions,  and  it  was  fnially  Seiitembcr  25  In^fore  they  were  definitely  aban- 
doned. The  dike  was  then  extended  in  dtmble  line  of  curtains  1,IN)0  feet  in  two 
days.     Buoys  from  the  u])per  dike,  where  they  were  of  no  further  1>enefit,  were  used. 

The  stit^'()r  horizontal  weed  in  an  admirable  construction,  but  its  use  should  l>e  lim- 
ited to  depths  not  exceeding  (>  ivei,  in  the  shore  or  shallow  ends  of  dikes,  in  closing 
chutes  or  shoal  channels,  and  in  building  up  low  bai-s,  being  jdaced  thereon  previous 
to  high-water. 

This  dike  was  not  so  successful  as  its  i»redecessor.  The  river  had  already  streaka  of 
blue  although  etuisiderable  sand  was  in  motion;  in  fact  it  never  ceases.  The  mistake 
w]is  made  of  carrying  it  ttN)  far  across  the  channel,  the  more  esi>eeially  as  the  Mt iff 
weed  ]M>rtion  had  defeated  the  growth  of  the  reef  or  bar  out  from  the  shore  as  tlie 
work  progressed,  as  was  the  ease  in  the  upper  dike,  and  should  be  the  case  in  siuiilar 
constructions.  A  considerable  channel  cut  (uit  around  the  lower  end ;  meantime  the 
stilf  weed  portion  faih>d  to  illl  u]>  rapidly,  the  dee))est  water  (m  the  dike  existing  here. 

The  accretion  or  reef  fnnniMl  by  the  curtains  came  to  within  3  or  4  feet  of  the  aur- 
face  as  a  ridge  of  100  or  more  feet  in  width  with  the  dike  in  the  center  and  water  of 
the  onlinary  depth  on  either  side. 

The  cftect  was  to  cut  out  deep,  narrow  channels  through  the  bar  over  which  water 
tlowed  to  th4>  chute  and  to  enlarge  it  somewhat.  An  examination  showt^  thift  bar  to 
be  largely  <-oni]M»ed  of  Injavy  gravel,  and  but  for  this  the  result  might  have  been  men? 
favorai»h*. 

This,  howev<T.  may  well  be  doubted.  A  study  of  tht;  cross-sections  made  the  past 
two  s<>asons  at  N<'bra.Nka  City  reveals  the  fact  that  as  a  general  thing  on  a  riaing 
stage  chutes  enlarge  relativily  faster  than  th«*  main  river,  while  the  n*ver»e  is  true  of 
a  falling  stage.  The  fact  that  tlu'  <;liute  was  not  only  pn'vi'Uted  from  closing  farther. 
but  even  enlarged,  imp  ied  an«*tlicient  constru<tion.  In  any  case  the  attempt-  to  close 
a  larger  channel  in  the  unstable  strata  r>l' the  Missouri  is  a  most  <loubtfuI  undertaking, 
and  it  is  tli<night  it  will  be  found  ex]>e<lient,  I'Speeially  if  the  course  desii'cd  is  longer 
than  the  ]>r(sent  channel,  to  foi-ee  it  overland  by  cutting  away  the  intervening  area. 

The  cost  of  these  two  dikes  e<im])lcte  was  47  cents  ]»er  linear  tVmt,  the  curtains  being 
in  <loubl(>  rank. 

The  m<»st  unsatisfaeioiy  portion  of  tloating-dike  w(U'k  are  tlii>  buoys.  Oil  barrels 
were  lirst  used,  and  afti'rwards  boxi's  of  about  4  cubic  feet  displacement ;  130  exiieri- 
UM'utal  buoys  were  made  of  building  pap(T,  cylindri(.'al  in  form,  with  lK>anl  ends,  an«l 
at  a  cost  of  about  one-lialf  that  for  boxes.  The  paper  was  passe<lthi'oughhotpitchasit 
was  rolled  ou  in  tlirei*  turns  or  tliieknessi's,  the  edges  being  clos*dy  tacked.  They  i>roved 
im])ervious  to  water  and  lasting.  'Inhere  are  many  jiractical  <lifticulties  in  their  con- 
struction, but  till*,  experiment  demonstrated  the  teasibility  of  making  a  very  cheap 
andeflicient  buoy  from  ]>ai)er  pulp.  The  rate  of  till  behind  the  dikes  was  by  no  means 
regular.  On  one  occasion,  from  Saturday  night  to  Monday  morning,  a  till  of  6 feet  was 
noted  ov<*r  a  considerable  area.  Fnun  August  21-23,  the  till  over  the  upper  half 
of  the  area  behind  the  Wycuning  dike  was  at  tlu;  rate  of  7^  yaifls  ]»er  minute.  Much 
greater  lates  no  <loiibt  «»btaine«l  elsewhere,  but  the  dilliculty  of  measuring  it  was  very 
great. 

The  ])ro])er  M-ason  for  openiti(»ns  of  this  eharaeter  is  during  the  higher  stages  of  the 
river,  when  the  material  transported  is  a  maxinnim,  the  eix)sive  forces  at  their  height, 
and  the  stream  itself  less  liexible  in  its  course.  As  the  work  when  conmifnced  at 
Wyoming  was  eswntially  ex])erimental  an<l  n»*eessarily  slowin  progress,  the  river  had 
fallen  greatly  before  any  et^ieiency  was  dev<>Iopcd.  The  results  finally  obtained  at 
low-water  showe<l  that  the  eonstructiim  possessed  such  nu'rit  that  it  was  deemed  wise 
to  develop  it  to  the  limit  of  our  resources  in  order  tost^ttle,  if  possible,  in  some  degree, 
one  of  the  steps  by  whieh  river  eoui'ses  might  be  directed  and  concndled. 

It  was  not  expected  that  the  results  obtained  would  be  permanent  nn1i*8s  secured 
by  more  substantial  constructions,  especially  as  the  curtains  u.s4>d  were  too  uarrow  to 
resist  higb-watei.     The  impact  of  the  current  at  Wyoming  was  directly  against  the 
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dike  and  this  point  continunlly  niovtul  up  stroain.  tbreatonin*^  to  cut  it  out  at  the 
head. 

To  secure  the  results  and  make  thoni  permanent  it  was  the  intention  to  develop  a 
curved  shore  line  from  Neli^h's  to  the  crossing  from  Civil  Bend  hy  the  aid  of  mattress 
work  sustained  by  piling.  By  the  time  this  plan  was  to  be  put  in  operation  the 
monev  prove<l  inade(|uate,  and  it  wjis  changed  to  closed  dikes  extending  from  the 
blutf  to  the  propowd  curve,  3  being  of  stone  and  of  short  length,  and  a  fourth  of  mat- 
tress work  and  curtains  sustained  by  piling  nearly  1,000  feet  long. 

It  was  thought  these  constructions  would  preserve  the  directions  desired  during 
the  first  rises  of  the  si)ring,  or  until  additional  funds  were  available,  when  their  ends 
couhl  be  connected  and  this  shore  line  finished  in  accoi-danco  with  the  first  plan. 
This  dike  construction  was  not  reganled  as  the  best,  or  as  a  certain  plan,  l)ut  simply 
OS  the  only  oni*  expedient  at  the  time. 

The  stone  for  dikes  deserve  no  special  mention.  They  were  (pmrried  at  their  sites, 
and  of  short  length,  and  the  cheapest  construction  for  the  ])urpose. 

In  studying  the  iiuestion  of  piling  it  was  found  that,  as  driven  in  the  ordinary  way, 
the  penetration  in  Missouri  River  sands  wtis  quite  limited  and  the  cost  not  warranted. 
A  t<^mporar>'  hand-pump  was  rigged  up,  and  exi>eriments  made  with  a  jet.  As  the 
power  of  only  6  or  d  men  was  available  on  this  pump,  the  manner  of  applying  the  jet 
most  effectively  \vas  of  great  importance,  and  after  much  experimentation  the  method 
illtistratetl  was  thought  to  give  the  best  results.  It  was  found  possible  to  sink  piling 
of  1  foot  diameter  8  to  1*2  feet,  the  average  being  about  10,  in  one  to  three  minut<^s. 
With  great«*r  power  and  more  eflici<»nt  apjiaratus  the  depth  reached  would  be  any- 
thing desii-ed. 

The  piling  w<*re  put  <lownat  an  inclination,  in  ])aii*slikc  a  letter  A,  and  drift-bolted 
at  the  intersection,  these  bents  being  12  to  15  feet  apart.  A  stout  log  or  waling  was 
Tftise^i  from  bent  to  bent  and  well  drift-bolted  in  the  angle,  thus  making  a  stnicture 
that  w'as  very  rigid.  The  general  plan  was  to  weave  a  very  strong  and  wide  mat  over 
the  end  of  this  pile  sui)nort  and  back  150  to  200  feet,  and  to  complete  the  remaining 
portion  of  the  dike  in  pile  bents,  20  to  25  feet  apart,  between  which  a  wire  rope  should 
be  suspended  for  the  purpose  of  sustaining  curtains  or  a  wire  net. 

The  structure  had  progressed  a  few  bents  only,  when  peremptory  orders  to  step  work 
without  delay  were  received,  as  the  funds  were  exhausted.  Th«?  stone  dikes  below 
wen?  only  partly  complete,  perhaps  fortunate  under  the  circumstances.  It  is  hardly 
iiece8sar>'  to  say  that  the  failure  to  finish  these  structures  was  greatly  regretted,  as  all 
that  had  been  gained  at  the  head  of  Copeland's  Ben<l  seemed  in  fair  W£y  to  be  lost. 

Aft4^r  the  works  were  <lefinitely  closed,  the  river  cut  its  way  around  the  head  of 
Wyoming  Dike,  and  a  good  ]»orti(m  of  the  water  Howed  in  this  course?  during  the  win- 
ter. Only  a  limited  i>ortion  of  the  lower  end  was  carried  away  by  this  new  attack, 
the  main  jmrtion  of  the  accn*tion  remaining  undisturbed.  The  unprotected  pile  bents 
stood  nearly  all  winter,  l>ut  were  finallv  run  down  by  ice  fieUls.  The  lower  dike  con- 
tinned  to  make  accretions  which  extended  nearly  one-half  its  length  above  water,  and 
some  of  the  i»aper  buoys  were  observable  nfter  the  ice  left  the  river.  The  ef!*ects  of 
the  April  rise  were  watched  for  with  gi'eat  anxiety.  The  accretions  thrown  up  at 
Wyouungnmintained  themselves,  and  so  directed  the  river's  course  below  that  consid- 
erable enision  of  the  right  bank  took  place  below  Squaw  ( -reek.  The  channel  ran  out- 
side the  lower  dike,  aiid  made  a  heavy  inroad  into  the  bar  below,  and  most  desirable 
ehanges  took  place  in  the  chute.  This  action  continued  favorable  nntil  the  Ist  of  May, 
and  up  to  this  time  a  small  exiM'n<litnre  could  have  carried  out  the  changes  inaugu- 
rated so  unexpecte<lly  under  the  circumstances.  Since  then  the  lower  end  of  the 
Wyoming  Dike  has  gradually  worn  away,  allowing  the  river  to  nuike  such  a  bluff 
contact  tliat  the  direction  below  is  unfavorable.  The  river  has  to  a  certain  extent 
Bwnng  across  the  lower  <like,  and  a  partial  channel  has  develo]»ed  over  the  stitf-weed 
portion.  The  river  shows  a  ten<lency  to  abandon  the  favorable  course  it  had  taken 
below  and  swing  back  i»artly  to  its  old  course. 

I  believe,  however,  that  these  <?hanges  backward  will  be  only  ]»artial,  and  that  when 
the  water  goes  down  a  substantial  advantage  will  have  been  gained.  Already  the 
river  has  cut  away  the  yoint  of  land  at  A  355,  and  now  runs  nearly  straight  from  a 

goint  below  Squaw  Creek  across  the  bar  below  A  •i55  to  a  point  just  above  the  Ne- 
raska  Island  Slough,  where  ccmsiderable  erosion  has  taken  place. 
The  erosion  around  Kastjiort  Bend  has  been  less  than  usual,  no  serious  damage  has 
been  done,  and  Eastport  is  sufticiently  safe  for  this  season. 

The  mattress  work  at  Walnut  Creek,  although  it  stood  the  i»ressure  of  the  entire 
rirer  under  direct  dow  for  some  time  after  the  April  rise,  remains  in  good  condition. 
The  mattress  work  at  Lambert's  Orchard  was  in  good  shape  after  the  A^>ril  rise  and  up 
to  the  Ist  of  June,  and  at  that  time  the  shore  line  above  and  below  it  tor  a  considera- 
ble distance  had  cut  to  a  fair  line,  and  it  should  have  been  extended  accoi-ding  to  the 
original  intention.  Meantime  the  bar  opposite,  which  previously  had  thmwn  the  im- 
pact of  the  river  into  the  bank  near  Waubuusie  Creek  Slough,  had  cut  away,  allow- 
ing direct  flow  against  the  work  with  boils  and  a  strong  current  similar  to  what  was 
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encouiiTori'd  at  Enstiun-T  Point  la.st  season.  The  main  btkly  of  the  work  stood  this  di- 
rect action  well.  A  powerfnl  e<ldy  at  the  iniuiodiato  toot-  cut  out  the  mattress  work 
Ironi  below,  and  under  the  action  of  the  curi-ent  it^adually  whipj^ed  ont  from  lielow 
or  uuravolcil  up  .stvts'ini.  An  eddy  also  started  in  above  the  work  and  a  similar  whip- 
ping out  took  ]>lac<i  from  thin  end.  aceonipauied  by  an  occasional  rolling  np  of  the 
mattress  in  eonsiderable  masses.  At  the  [►res<'nt  writing  this  work  is  quite  destroyed, 
not  by  slip])in^  or  tearinjj  bur  solely  by  the  action  of  th«j  two  ends. 

The  mattress  work  placed  on  Kastport  Point  last  season  in  GO  feet  of  water  is  in 
>;;ood  sha])e  with  this  exception.  The  chanj^c  of  the  river  has  prwluceil  40  or  more  feet 
of  de|K)sits;  the  strain  has  been  greater  than  the  mats  were  able  to  stand,  although 
specially  made  to  resist  strains  of  this  class,  and  in  many  places  they  have  parted  at 
the  erest  of  the  bank,  leaving  a  slight  gap  which  was  disclosed  by  the  heavy  storms  of 
May. 

Where  the  surface  portiiui  was  wt)ven  on  the  system  de8cril>e<l  in  Assistant  Yoiige's 
report  to  you  for  li^7l»  there  seems  to  be  enough  elasticity  or  stretcn  to  allow  for  mod- 
«?ratc  SM^ttlement,  and  no  rupture  has  <»ccurred. 

The  storms  in  May  were  very  sevt're  and  cut  ben<'bes  of  (>  feet  depth  in  gumbo  bank 
and  back  *iO  or  more  feet  so  that  a  very  efticient  ui)per  bank  protection  is  required. 

The  sand  fence  has  thrown  up  a  n>markablt*  bank,  far  above  high-water  and  quite 
continuous.  A  poition  of  the  tuiter  end  was  cut  away  by  the  water  tliat  gathered  on 
the  bar  and  concentrated  at  that  point  in  its  <*scai»e.  The  grasshopper  frames  that 
were  placed  acro'is  tin*  slough  were  <|uit«'  successful  in  accumulating  drift  and  thus 
gradually  closing  that  outlet.  A  small  channel  lyis  cut  through  the  fence  at  ou« 
jjoint  where  the  bank  was  low.  The  old  sand  fence  on  the  island  bar  has  throwu  up 
dun«'s  which  are  visible  at  a  long  distance. 

The  experience  of  this  year  is  very  encouraging.  I  kn(»w  of  no  failure  that  e-ould 
not  have  been  turned  into  a  most  unqnaliHed  success  had  even  a  limite«l  amount  cif 
money  been  available  so  late  even  as  the  1st  of  .lune.  As  it  is,  the  advautages  gain«Hl 
are  believed  to  be  substantial  if  folIowe«l  up. 

The  present  syst<'m  of  appropriations  for  the  Missouri  River  cannot  be  too  sti'on^ly 
condennied.  In  a  given  piece  of  work  ilesigned  to  effect  changes  in  direct  conflict 
with  the  Ibrcfs  of  the  river,  the  cost  cannot  be  foretold  with  certainty  any  more  than 
the  cost  of  a  battle.  If  the  nu>ney  available  is  limited  you  are  obliged  to  undertake 
that  which,  short  of  completi(m,  will  probably  result  in  total  rout.  If  an  assist^int 
could  rely  on 'the  money- being  at  hand  when  liis  .ju<lgmcnt  i-equired  its  use,  it  is  safe 
to  say  that  a  given  im]>rovement  could  be  (Effected  for  r>ne-half  what  it  now  costs,  and 
in  many  cases  for  une-t bird,  tor  too  often  the  auspicious  mcmient  is  past  wl»en  the 
money  is  in  hand. 

Neither  can  tln^  lines  laid  d(»wn  in  the  ])ro.jfct  of  to-day  and  the  plans  for  their  cze- 
tiititm  be  always  tbl  lowed  to-morrow,  ext-ept  in  the  most  general  way,  for  conditions 
change  demanding  a  dilfercnt  trciitnient,  and  often  so  promptly  that  the  assistant 
Tuust  oe  left  solely  to  his  judgment  and  unhampered  by  restrictions  as  to  his  methods 
or  his  resouncs.  Such  rest rirt inns  ctinqiel  him  to  the  defensive  rather  than  the  often- 
hive,  to  fortifv  rather  than  take  the  lichl. 

7  f 

I/imiti'd  a]>]>rnpriations  compel  the  abandonment  of  that  part  of  the  project  above 
Wyoming,  alth(ni<::h  su<'h  a  coui-se  will  increase  the  ultimate  expense.  It  is  im]>088ib]e 
to  work  safe  between  .Jones's  Point  and  Wyoming,  and  S4*enre  early  n*Balts,  without  C4>n- 
siderablc  money.  It  is  possible  to  connnnnce  on  the  bar  opposite  Xeligh's  and  secure 
results  slower  and  with  more  expensive  works,  but  still  substantial  results  with  each 
appropriation  however  small,  and  it  may  be  that  the  river  above  will  not  bee,t>me  in- 
tractable until  the  crmrse  fn»m  Wyoming  to  Nebraska  City  is  worked  out.  Then  thii 
u])per  r«:ach  maybe  taken  in  hand,  an  ultimate  necessity  in  any  case. 

ComhtAunis. — The  conclusions  in  regard  to  mattress  work  expressed  in  last  report 
have  been  fully  conrirmed  this  scas(Mi  and   ap]>lied  in  part. 

It  is  at  ]»resent  believed  that  mattress  work  to  resist  flow  nearly  tangential  mnst 
be  of  about  1*^0  feet  width  fnun  toj)  of  bank,  and  for  direct  tiow  twice  t ho  depth  of 
])ermanent  strata,  and  continuous  in  all  cases.  It  should  be  much  stronger  than  any 
hitherto  made,  and  not  liable  to  ravel  or  whip  out  as  is  the  woven  mattress.  Sevei^ 
wave  action  must  be  provided  for. 

In  the  construction  of  a  strong,  thin,  and  flexible  continuims  mat,  asubstjintial  ad- 
vance has  been  made  by  Assistant  Nier.  A  further  advam-e  would  be  to  weave  a  thin 
mat  on  a  strong  wire  net.  This  wiuild  give  the  strength  desired  with  a  minimnm  of 
brush,  and  it  would  not  Im'  liable  to  whi]i  out :  it  would  also  en nble  the  rock  to  be 
secured  to  the  mat  betbre  sinking,  which  I  b<'lieve  to  be  an  absolute  neceaeity.  Thia 
need  not  in<'n'ase  th«'  eost.  as  on  the  certainty  of  the  rock  being  projierly  distrihnted 
and  absolutely  fixed  in  place,  not  more  than  two  or  three  pounds  to  the  square  foot 
would  be  re<|uired. 

The  upper  bank  protection  i^  still  the  ditlieult  part  of  the  problem.  Here  to  suc- 
cessfully resist  wave  a<'tion  a  mattress  of  at  least  a  f(K)t  thickness  will  be  required, 
and  probably  none  better  than  the  woven  mat,  woven  <»u  a  continuation  of  the  net  of 
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the  under- water  work,  will  be  tbnud.  By  iiRing  a  packing  of  hay  the  thickness  may 
be  reduced,  as  nothin^i^  better  than  bottom  hay  haH  been  found  for  resisting  tlie  swash 
of  the  waves  through  a  mat.  This  bank  protection  shcmhl  be  laid  down  late  in  the 
fjill  or  early  in  the  8]>ring,  and  covenfd  in  with  earth  in  order  that  the  willows  of 
which  it  is  composed  may  grow  and  afford  a  permanent  upper  protection  when  this 
portion  of  the  mattresn  has  decayed. 

The  bank  on  which  the  protecti<m  is  laid  should  be  gi'aded  not  less  than  'A  to  1,  and 
probably  this  can  be  done  cheapest  with  a  jet.  Tlie  apparatus  neces«ary  can  l)c  readily 
adapted  to  sinking  piles  to  any  depth  and  inelination.  and  to  snagging,  and  thusser\'e 
a  variety  of  purposes. 

The  chief  difhcultics  of  mattress  work  on  tho  Missouri  lie  in  the  mobile  nature  of 
the  material.  If  the  mat  is  weighted  too  heavy  it  settles  or  sinks  into  this  material, 
and  may  be  Carried  bodily  o:it  by  the  viscous  llow  of  bank.  If  too  light,  it  is  liable 
to  be  lifted  and  wrecked  by  the  current.  In  localities  the  bank  has  been  observed  to 
melt,  as  it  were,  and  run  out  through  the  interstices  of  the  mat,  leaving  hollow  spaces 
behind.  Again,  waves  have  even  run  through  well-made  mats,  cutting  out  benches 
on  vertical  faces,  u<>t  observable  exc<^j)t  on  close  inspection. 

To  provide  for  some  of  these  ditticulties,  the  mat  can  be  fastened  along  ite  upper 
edge.  Then  the  sand  of  the  lower  strata  may  ooze  out  from  external  scour  without 
causing  an  undtie  strain;  but  when  this  action  i>roceed8  so  far  as  to  allow  the  upper 
strata  of  gumbo  to  break  away  in  large  masses  of  many  tons  weight,  it  is  not  easy  to 
make  a  construction  of  sufhcient  strength.  This  ditticulty  may  be  obviated,  in  part, 
by  very  tiat  grading,  or,  better  still,  by  a  wi<le  borme  at  low-water,  if  it  be  fejisible. 

All  these  troubles  are  gn'atly  multiplied  in  purely  local  works  subject  to  direct  flow, 
"where  deep  scour  is  occasioned  in  part  by  the  revetment,  causing  a  slipping  of  the 
material  under  the  mat,  and  strains  not  easy  to  provide  for.  Most  of  the  work  pnt  in 
contemplates  flow  nearly  tangential,  and  to  secure  this  involves  a  complete  rectifica- 
tion from  some  point,  generally  of  blntf  contact,  at  which  the  river  is  likely  to  run  for 
many  years. 

The  same-  mobile  material  which  makes  revetment  ditKcult  makes  rectification 
comparatively  easy,  ])rovided  the  constructions  are  placed  on  the  sites  of  causes,  or  at 
those  pla<res  whore  directions  may  be  detennined,  rather  than  on  the  sites  of  eftects. 
The  failure  of  nearly  everj'thing  in  the  nature  of  a  si>ur  or  wing-dam,  which  has  not 
been  raised  entirely  above  overflow,  has  beim  <iuite  unifonn,  for  the  n»ason  that  they 
are  generally  opposed  to  direct  flow,  and  seek  t-o  <livert  the  course  of  a  stream  by 
damming  or  obstructing  it  rather  than  by  directing  it.  After  a  high-water  it  is  fre- 
quently round  that  the  be<l  of  the  stream  is  raised  to  the  level  of  the  dike  or  spur,  the 
cbannel  taking  its  ohl  e.ours<.s  which  may  be  over  or  thnmgh  the  construction.  Over 
Boehmer's  Dike,  which  was  but  700  feet  "long,  for  two  seasons  the  water  ran  with  a  fall 
of  6  to  8  inches,  not  over  3  feet  depth  existing  outside  its  limits  at  low-water  stage. 
Yet  with  this  head,  and  ample  opportunity  to  run  outside  or  take  the  chute,  the  river 
persisted  in  this  course  until  changes  above  threw  its  direction  outside  the  dike. 
Then,  in  the  space  of  two  weeks,  the  dike  and  nearly  50  feet  of  water  was  entirely 
filled  in  beneath  a  sand-bar,  and  from  causes  which  it  was  powerless  to  influence. 

By  working  ifrom  crossings  or  convex  fronts  in  easy  directions,  these  difficulties  may 
be  largely  avoi<led.     A  dike  construction  on  a  concave  face  altera  no  cause,  and  it« 
utility  is  pi*oblematical.     Its  suc(>ess,  if  any,  is  due  to  main  strength,  and  lasts  unti 
that  strength  is  exhausted,  or  until  nature  herself  ameliorates  conditions  above. 

For  general  use  it  is  thought  a  curtain  of  wire  alone,  or  a  wire  net  with  .meshes  oi 
8  to  15  inches,  depending  on  the  stage  of  water,  will  be  found  best  and  cheapest.  This 
net  should  bo  made  and  placed  continuously,  which  is  not  difiicult.  Its  lower  edge 
may  be  anchored  with  rock  wired  on,  au<l  its  upper  edge  sustained  by  a  wire  rope  sus- 
pended from  piling  where  the  water  is  not  too  deep,  or  otherwis<»  by  buoys. 

The  advantage  of  piling,  which  need  not  be  more  exjiensive  than  buoys,  is  that  the 
Det  cannot  creep  down,  and  it  may  be  sustained  near  the  level  of  high-water,  so  that 
it  can  be  placed  during  a  moderate  stage,  and  in  anticipation  of  a  rise.  The  April 
rise  probably  moves  more  material  locally  and  initiates  grrater  changes  than  all  sub- 
sequent high-water.  It  is,  however,  so  sudden  and  vioh-nt  and  shtu't  in  duration  that 
to  properly  utilize  it  requires  works  previously  placed. 

There  are  many  situations  also  where  mattress  work  sustained  by  piling  rould  be 

g laced  advantageously  at  once,  as  along  a  half-developed  channel,  where  it  would 
e  clearly  inexpe<lient  otherwise.  The  jet,  presenting  as  it  does  a  cheap  and  in  fact 
the  only  way  in  which  piling  may  be  sunk  in  Missouri  sands  to  adequate  .dejiths  and 
to  any  angle,  becomes  at  once  an  essential  api>aratus. 

A  hydraulic  engine,  capable  of  throwing  a  very  largo  volume  of  water  under  con- 
siderable pressure  for  the  ]niq)ose  of  assisting  and  directing  erosion,  trimming  u]>  the 
nregularities  of  shore  lines  to  be  revet<.'d,  cutting  out  bai*s  and  channels,  snagging, 
qnairy  stripping,  i&c,  is  thought  to  be  an  engine  of  immense  possibilities,  and  to  be 
oonsiaered  as  part  of  the  plant  in  any  systematic  scheme  of  improvement. 
There  is  one  important  thing  to  be  arrived  at,  viz,  rapidity  of  execution  on  short 
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notice,  and  with  few  niou.  ChenpiicrM  may  follow,  but  it  i»  to*)  often  deceptive  when 
not  coupled  with  rai)idit.v.  Tu  socuro  these  objects  requires  as  unich  of  tne  material 
as  possible  to  be  ke])t  in  stock  and  in  readiness.  This  is  possible  iu  e\'er>'  detail  of 
"Nvire-net  or  curtain  dikes,  which  iiu»y  be  jdaced  at  the  rate  of  1,00()  feet  per'day  if  de- 
sired, and  at  a  cost  of  2'y  to  '>()  cents  per  foot.  With  mattress  work  it  is  possilile  to 
keep  all  the  material  on  hand  e\c<'pt  the  brush,  of  which  tlie  plan  riMpiires  a  mini- 
mum, and  it  is  believed  it  mav  be  placed  at  the  rate  of  TMi)  feet  per  day,  and  at  a  coHt 
of  ^l  to  §l.r)()  per  linear  foot  for  wi<lths  (»f  100  to  I'^'i  feet. 

I  desire  to  express  my  appreciation  of  the  services  of  Mr.  A.S.  Potter,  who.  while 
exercising  a  c-ertain  jjeneral  sui»ervision,  was  in  immediate  char^^e  of  nmttress  work 
and  K*'tieral  experiments. 

To  Mr.  F.  M.  Harris,  who  had  innnediate  charge  of  the  development  of  curtain  au«l 
"wirc-net  ccmstruetion,  much  credit  is  due.  as  in  constructions  so  novel  he  had  coutinu- 
allv  to  work  against  the  luvjudices  of  practical  foremen  and  laborers. 

I  take  plea.Hure  in  eonuuending  the  servi<'es  of  F.  W.  Tuttle  and  L.  E.  C«>oley  on 
surveys,  and  of  Mr.  C.  F.  Potter  on  miscellauetuis  duties. 

I  am,  major,  very  resi»ectfully.  your  obedient  servant. 

L.  E.  C'ooi.KV. 

Maj.  CnAs.  R.  Sitku, 

Corps  of  Kngineers,  f.  S.  J. 


I.I>T  OK    II.M'rSTKATIONS. 

Map  of  r<»ach  from  Jones's  Point  to  Payne's  Lauding,  1879.     Scale  'i,000  feet^=  I  inch* 

Sketch  No.  1. — Location  of  works  near  Wyoming.     Scale  1,000  feet  =  I  inch. 

Sketch  No.  2. — Copoland's  Bend,  1H77-'7H.  showing  changes.     Scale  '2,000  feet  =  1  iueli. 

Sketch  No.  :j.— Coiieland's  Beml,  1^79-80,  showing  changes.     Scale  2,000  feet  =  1  inch. 

Plate  I. — Mattress  <'onstructions,  1^79. 

Plate  II. — Curtain  and  wire-net  constructions,  1^*79. 

Plate  III. — Jet-piling  construction.  1879. 

NOTKS  OF  illi'sti:ation.>. 

The  main  report,  is  sutiicienrly  descriptive  of  sketch  No.  1. 

In  sketch  No.  '2  the  channel  shifted  position  at  Hoehmer's  Dike  in  the  liiKh-\vat4^r  of 
1H77,  occupying  at  the  time  of  the  construction  of  the  dike  very  nearly  the  po^itton 
shown  for  1H7H.  The  bjir  above  had  also  retreated,  and  the  large  bar  bounding  Walnut 
(■reek  <*lnite  reached  the  H7"^  limit  before  the  dike  was  completed. 


»  In  the  high-water  of  ls7i».  the  channel  abandoned  the  dike,  taking  the  p«>aitiAa 
Mhown  in  sketch  No.  3.  The  can-.e  of  tin**  change  and  its  reason  for  not  goin^  farther 
is  explained  iu  the  report. 
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111  making  the  clmngr  the  elmiiiiol  at  tir8t  took  tlio  course  illustrated  in  the  a<l- 
joining  Hketch,  coming  down  nearly  to  Squaw  Creek  and  then  crossing  squarely  over 
to  a  point  about  1,200  feet  above  the  dike,  where  considerable  bank  erosion  took  place. 
This  double  fold  or  reverse  movt;d  bodily  down  stream,  and  finally,  in  the  course  of 
two  or  three  weeks,  it  straiglitf  ned  out  in  the  c<»urse  shown  for  1879,  abandoning  the 
dike  and  the  47  feet  of  water  behind  it,  whi<'h  was  tilled  up  to  the  top  of  the  water  in 
the  coui*se  of  a  fortnight.  This  doubling  or  reversing  of  th«*  channel  was  noticed 
also  in  the  changes  which  oci'urred  in  1880,  causing  extensive  erosion  near  /^  355. 
This  channel  has  also  partly  straight<'ned  out,  but  in  a  contrary  direction,  as  the  forces* 
above  have  not  pei*sisted  until  the  change  initiated  was  carried  through  to  its  legiti- 
mate conclusion. 

Similar  phenomena  have  been  obstM-ved  at  oth<*r  times,  and  it  is  thiuight  to  be  the 
method  of  working  in  extensive  channel  changes. 

Plate  I.  Mnttresa  constructions. — Fig.  1,  A.  an<l  H,  elevation  and  i>lan  of  boat.  This 
construction  possesses  no  special  merit.  It  was  necessary  to  give  consi<lerable  length 
to  the  needles  in  order  to  provide  <leek  n>oni.  The  boat  once  upset  or  turned  on  edge, 
doing  no  particular  damage,  how<'ver.  Aft<*rwar<l  a  barge  was  lashed  to  the  rear 
gunwale. 

Figs.  2  and  3  illustrate  the  manner  of  starting  the  mat  (c),  the  way  in  which  it  hung 
fnmi  the  boat  (a),  the  system  of  lines  (/>),  and  the  position  when  laid  (Fig.  3). 

Fig.  4,  a  and  b,  illustrate  the  tensi<ui(h'V-ice,  which  wassecured  to  the  rear  gunwale. 
This  was  made  of  2^"  gas-pipe  with  cast  spools  of  capstan  form,  about  which  the  ten- 
sion lines  passed.     It  was  found  that  no  other  form  of  spool  would  clear  the  line  freely. 

Plate  II.  Curtain  construction. — Fig.  1,  a  and  ft,  shows  tlu?  ways  on  which  the  cur- 
tains were  constructed,  the  manner  of  producing  tension  in  the  wires,  and  a  curtain 
partly  r<dh?d  up.  Fig.  2,  a  and  !»,  shows  the  wheel  and  awl  used  in  making  the  twist 
a  fastening;  c  shows  the  manner  in  which  the  wires  are  fjistened  together,  which  has. 
been  often  misconceived,  andr/  shows  a  section  of  curtain  as  thus  fastened  by  parallel 
wires.  The  constructive  merit  of  the  (;urtain  <'onsists  largely  in  this  twist  or  fastening, 
which  is  efficient  and  reliable. 

Fig.  3,  n  and  6,  illustrates  the  position  of  the  tumbling  beam  and  the  curtain  anchors 
as  suspended  theii'to;  and  Fig  4,  a  and  ft,  illustrates  the  system  of  lines  and  successive 
positions  of  the  barges,  and  a  curtain  before  and  after  launching.  Owing  to  the 
8<iuare  sides  of  the  barges  the  drag  on  the  moorings  was  very  severe.  A  special  barge 
with  curved  sides  wtmld  be  comparatively  e.'Biy  and  safe  on  its  moorings. 

Fig.  5  illustrates  the  successive  positions  of  the  curtains  in  an  assumed  dike.  Fig. 
6,  a  and  ft,  represents  tht*  modilied  typ<-  of  Chinese  anchoi*s,  devised  after  mucli  experi- 
ment with  other  kinds. 

Fig.  7  illustrates  the  form  of  wire  net  jvctually  made  and  placcMl,  the  action  of  which 
has  been  previously  described.  Fig.  8  illustrates  the  manner  of  making  an  hexagonal 
mesh,  or  one  approximating  thereto.  It  consists  sim]»ly  of  a  board  or  template,  through 
which  the  wires  pass.  The  size  of  the  meshes  may  be  regulated  by  the  distance  apart 
of  the  holes  in  the  template  and  by  the  distancre  tiie  template  is  moved  for  each  series. 
If  the  mesh  required  is  large,  two  templates,  carrying  altta-uate  wires  and  moving 
alternately  in  ojiposite  directions,  and  again  in  same  direction^ — a  half  mesh  for  each 
series — may  be  used.  JSince  the  general  form  of  Fig.  8  was  devised,  it  has  been  put  in 
use  by  Mr.  Harris,  at  Omaha,  under  assistant  Davis,  substantially  as  described. 

It  is  a  fact  not  previously  noted  th.it  a  curtain  dike  does  not  cut  out  at  the  imme- 
diate end  fls  it  prognjsses.  The  llow  of  water  being  so  fi^ee  innuediately  back  of  the 
end,  for  the  time  being,  the  curtains  are  to  a  certain  extent  protected  until  they  com- 
mence to  load  u]>. 

Plate  III.  Jet  Pilinfj. — Fig.  1  illustrates  the  arrangement  of  derrick  enqdoyed  for  ex - 
|)enmental  work,  and  Fig.  2  the  manner  of  ])reparing  the  butt  end  or  foot  of  the  pih', 
in  order  to  produce  a  three-ftmrths-incli  .jet  or  tlow  in  the  dire<^tion  of  the  axis.  Fig. 
3  shows  the  general  arrangement  of  piling  for  supportfng  a  mat.  Not  enough  of  this 
work  was  done  to  furnish  a  basis  for  a  fair  estimate  of  cost,  but  it  is  believed  that  for 
mattress  work  it  would  not  greatly  exc<?ed  that  of  picqierly  grayling  heavy  banks,  and 
for  curtain  work  that  of  wooden  or  box  buoys. 

L.    E.    COOLEY. 


Q    12. 
IMPROVEMENT  OF  MlS.SOl'RI  RIVER  AT  PLATTSMOFTH.  NEBRASKA. 

A  general  plan  for  improving  the  Missouri  Kiver  in  tbis  vicinity  was 
submitted  to  you  under  date  of  January  30,  1880,  and  published  as  Sen- 
ate Ex.  Doc  No.  77,  Forty-sixth  Congress,  second  session. 
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AVitb  the  appropriation  now  available  work  will  be  begun  in  the  vicin- 
ity of  Plattsmouth  and  pushed  as  far  as  the  funds  available  will  allow. 

This  work  is  in  tliec<>ll«'C'tion  distri'*r  of  Nfw  Orleans,  and  tlu?  n<»an\<ir  port  of  deHvery 
is  Omaha,  Nehr.     The  nearest  fort  is  at  Leavenworth,  Kans. 

Anionnt  of  revenue  r(»ll(M*TiMl  at  Omaha.  Xehr..  <hirin«r  ti^^eal  vear  ending  Jnne  31), 
iHcJO,  \vas*3.(K»:i.'21. 

Money  statement. 

Amount  appropriated  hy  a''t  approved  .Tunr  14,  I'^^O ."!<10,  0<X»  00 

July  1,  IHSU,  amount  available 10.  m»0  00 

Amount  (estimated)  requinMl  for  e<»midetion  of  oxistinj^  proj<»et 41H),  0(Kt  00 

AnuMint  that  can  ht*i»rotitahlyrxpfnde<l  in  tis<'al  year endinjx  .June  -i^'.  l*'^^.  2fK).  (.K.K>  IK) 


Q  »3. 

IMl'KOVEMKXT   OF   MISSOIKI   RIVKK   AT    COrXClL    BLITFS.  IOWA.   AND 

OMAHA,  NEBRASKA. 

At  the  date  of  my  last  annual  report  work  was  in  active  progress  at 
this  place,  extendin^j^  the  bank  revetments  and  works  of  channel  rectifi- 
cation. During?  the  season  the  work  made  satisfactory  pro^^ess.  A 
total  of  0,550  feet  of  bank  revetment  was  constructed,  of  which  700  feet 
was  a  woven  mattn^ss,  similar  to  that  used  at  Vermillion,  Dak.  This 
was  an  extension  of  the  lower  end  of  the  Omaha  revetment.  Tlie  Iowa 
revetment  of  ]87S  was  extended  down  str(?am  2,G.10  feet.  In  tliis  work 
a  novel  form  of  continuous  mattress  was  used.  It  was  built  from  a  float- 
\ug  wfiys,  which  were  drawn  outufrom  under  the  mattresa  as  fa.st  aH 
lengths  of  40  to  (JO  feet  were  completed.  The  willow  brush,  of  which  it 
was  composed,  was  not  woven,  but  was  sewed  on  to  continuous  lengths 
of  wire,  which  furnished  the  longitudinal  strength  required.  The  thick- 
ness was  about  s  inches  and  the  width  95  feet  from  the  water's  edfi^e. 
The  upper  bank  ])rotection  was  a  woven  mattress. 

The  ui)])er  portion  (1,200  feet)  of  the  Iowa  revetment  of  1878  having 
been  carried  away  by  a  change  in  the  channel  in  the  bend  above,  it  was 
decided  to  take  advantage  of  this  accident  and  ado])t  a  new  shore  line 
more  favorable  to  the  lower  work.  To  ])revent  too  great  a  recession  of 
the  shore  line,  a  woven  revetment  12.200  feet  long  was  construete<l  on  the 
surface  of  the  gn»un<l  above  the  ohl  work,  it  being  expected  that  when 
this  mattress  was  reached  l)y  the  river  it  would  fall  in  and  protect  the 
bank.  Tiiis  object  was  in  a  measure  realized,  though  the  difficulties 
and  cost  were  greater  tiian  antic^ipated. 

In  the  way  of  ehannel  rectilication  there  was  not  much  acconipliBhed. 
The  weed  dikes  «les(ril)ed  in  my  last  report  was  perfectly  successful,  as  was 
also  a  GOO-foot  dike  of  the  same  character  jmt  in  for  temporary  pur]>oses 
near  the  head  of  the  old  Iowa  revetment.  In  the  spring  of  1880  it  was 
deemed  necessary  to  extend  the  work  into  the  bend  below  Florence, 
where  the  channcfl  changes  had  occurred  that  caused  the  damage  to 
the  lowa  revetment.  A  floating  dike  was  built  here  800  feet  in  length 
composed  of  a  eontinuous  wire  curtain,  or  screen,  having  large  0]>en 
meshes. 

The  width  of  the  curtain  was  30  feet;  one  edge  was  anchore<l  and 
the  other  buoyed.  This  screen  was  exi)ected  to  catch  the  small  floating 
drift  and  thus  accumulate  sutlicient  suiface  to  make  it  an  efficient  cur- 
rent arrester.  The  meshes  were  diamond  shaped,  with  diameters  of  16 
inches  and  24  inches,  the  latter  vertical.    A  hexagomil  mesh  of  10  inches 
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diameter  wa«  also  used.  The  experiment  was  perfectly  successful  as  far 
as  carried  out,  but  funds  were  lacking  to  follow  it  up.  The  mesh  used 
proved  much  too  small  and  arrested  so  much  material  as  to  drag  the 
curtain  under  water  before  its  full  eff'ect  had  been  produced. 

All  the  work  remains  in  a  very  satisfactory'  shape  and  the  present 
appropriation  will  be  expended  in  further  prosecution  of  the  general 
plan.  For  information  concerning  the  details  of  the  work,  I  beg  to  reter 
to  the  accompanying  very  interesting  report  of  Assistant  C.  B.  Davis, 
who  had  charge  of  the  work. 

The  work  is  situated  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Nebr.     The  nearest  fort  is  at  Leavenworth,  Kans. 

Amount  of  revenue  collected  at  Omaha,  Nebr.,  daring  fiscal  vear  ending  June  30, 
1880,  was  83,605.21. 

Money  statement 

\    July  1,  1879,  amount  available jjiy^.735  82 

Amount  appropriated  by  act  approved  Juno  14,  1880 €0, 000  00 

159,735  82 

;    July  1,  1880,  amount  expended  during  fiscal  year 38, 391  31 

July  1,  1880,  amount  available 21,344  51 


Amount  (estimated)  required  for  completion  of  existing  project '  60,000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jun#  30, 1882.     60, 000  00 


HEPOUT  OF   MR.    CHESTER   B.    DAVIS,   ASSISTANT  ENGINEER. 

Council  Bluffs,  Iowa,  July  19,  1880. 

Ma.ior  :  I  have  the  honor  to  submit  the  following  report  concerning  the  work  of 
improving  the  Missouri  River  in  the  vicinity  of  Omaha,  Nebr.,  and  Council  Bluffs, 
Iowa,  for  the  year  ending  June  30,  1880.  The  work  is  described  under  the  following 
heads: 

I.  Floating  dike  near  Union  Pacific  Railway  Shop. 
II.  Floating  dike  at  the  head  of  the  Iowa  revetment  of  1878. 

III.  Hydraulic  bank  grading. 

IV.  Extension  of  the  Omaha,  Nebr.,  revetment. 

V.  Extension  of  the  Iowa  revetment  downstream. 
VI.  Surface  mattress. 

VII.  Floating  curtain  dike  at  Tarbox  Point,  1880. 

Previous  to  September  ],  1879,  all  work  executed  was  in  accordance  with  the  plan 
first  proposed  and  approved,  with  this  modification.  Instead  of  attempting  to  cut  the 
point  of  the  Iowa  shore  opposite  the  smelting  works  back  to  an  easy  curve  from  the 
lower  end  of  the  Iowa  revetment  of  1878  to  the  Union  Pacific  Railway  Bridge,  an 
attempt  was  made  to  cause  the  river  to  take  a  curve  at  this  place,  having  a  ramus  of 
4,500  feet. 

A  change  in  the  plan  for  the  whole  vicinity  except  along  th«  Omaha  City  front  was 
necessitated  by  the  serious  changes  in  the  shape  and  condition  of  the  river  which 
occured  during  the  summer  hich-water. 

The  revetment  of  the  Iowa  shore  during  1878  was  stopped  at  a  point  about  one  mile 
above  the  mouth  of  Iowa  Lake,  and  for  some  reason  no  attempt  was  made  to  secure 
the  head  of  the  work  from  being  flanked  by  the  river,  probably  because  the  main 
channel  of  the  river  was  to  the  west  of  Willow  Island  and  the  foot  of  the  crossing 
below  the  head  of  the  revetment. 

During  the  hi^h-water  and  its  subsidence,  the  discharge  through  this  chute  was 
thrown  almost  directly  against  the  Iowa  shore  at  the  above  place.  By  September  1, 
about  1,200  feet  of  the  revetment  had  been  carried  away,  and  a  pocket  over  a  mile 
long  and  having  a  maximum  width  of  about  800  feet  was  cut  into  the  shore.  Leaving 
this  pocket  the  channel  crosse<l  to  the  Nebraska  shore,  eroding  it  severely  until  it 
crossed  back  to  the  Iowa  side  below  the  revetment  in  front  of  which  a  large  sand  bar 
had  formed.  Although  its  effects  upon  the  work  of  1878  in  its  vicinity  were  very 
severe,  the  change  furnished  the  foundation  of  a  much  better  plan  of  improvement, 
the  points  wherein  it  differs  from  the  old  plan  being  briefly  stated  as  follows:  1st.  (a) 
Instead  of  continuing  the  Iowa  revetment  of  1878  as  far  north  as  the  Chicago  and 
Northwestern  Railroad  dikes,  it  contemplates  continuing  the  erosion  in  the  above- 
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mentioned  pocket,  until  the  shore  reaclieH  Tlie  line  proposed^  and  revettinfi;  along  this 
]iiie.  (b)  Continnini^  the  hank  in  a  dir(*etion  tangent  to  the  lower  end  of  the  pocket 
through  as  long  n  »traig]it  reach  as  (?an  he  maintained  thei-e,  allowing  the  channel  to 
follow  aneany  curve  around  to  a  point  in  the  vicinity  of  the  smelting  works,  (c)  Ex- 
tending the  Iowa  revetment  a  Hutticieut  distanc^^  down  stream  to  ])roteet  the  shore 
from  cutting  which  would  occur  in  making  the  changes  ahove-mentioned  (b). 

24l.  Executing  such  work  as  would  hold  the  river  in  the  pocket  near  Florence  Lake 
and  make  a  crossing  to  the  Iowa  shore  immediately  upon  leaving  the  pocket,  thns 
holding  it  away  from  the  diute  hack  of  Willow  Islaml,  and  hringing  it  hy  an  easy 
curve  into  the  pocket  holow  the  Chicago  and  Northwestern  Railroad  dikes. ' 

l'I,<>ATI\(i    DIKP:    NKAR    I'MON    PACIFIC   IIAILWAY   SHOPS. 

The  extensltm  of  this  dike  was  the  first  work  of  the  year.  It  was  complete  .July  VK 
The  eddy  which  formed  at  its  lower  end  heing  tpiite  severe,  a  short  spurwiis  huilt  out 
from  the  shore,  through  its  center,  which  had  the  ell'ect  of  hreaking  it  up  and  facilitating 
the  tilling-in  process  oack  of  the  main  dike.  As  the  work  was  done  mainly  during  the 
.luue  rise,  nuu'h  of  it  in  a  depth  of  water  of  45  to  50  feet,  and  in  a  velocity  of  over  8 
miles  i>erliour.  it  wjis  <liHiciiU  and  expensive.  The  ivaults,  however,  weiv  very  sat- 
isfjM'tory.  I  noted  a  tilling  in  of  about  '25  feet  near  the  lower  end  in  twelve  day.M.  Ky 
Septemi)er  1,  the  slu)re  had  heen  huilt  out  150  feet  beyond  the  heail  of  the  dike,  and 
even  with  its  lower  end,  it  being  n'membered  that  the  dike  Avas  curved  to  a  radius  of 
4,500  feet.  A  d«'scrii»tion  of  its  construction  was  givtni  in  my  i*eport  to  July  1,  lr¥7i\ 
and  need  not  \u'  rei>eafe<l  here.  The  imi»erftM't  action  of  the  weed  was  clearly  shown 
in  this  work  by  the  dt^]K>sit  being  anything  but  uniform  in  its  depth.  It  being  iiupos- 
sible  to  sjKice  the  weeds  exactly  right  with  referen<"t^  to  the  velocity  of  the  current, 
the  spaces  which  were  larger  than  jiroper  wi*re  forced  wider,  and  until  it  was  fonn«I 
that  the  whole  deposit  was  cut  up  by  channels  varying  in  de]>tli. 

Another  fault  is  found  in  their  failing  to  stop  the  current  at  the  bottom  of  the 
river.     Hoth  of  these  tlefects  retard  the  deposits  greatly. 

The  serious  changes  occuring  during  July,  IST'J,  at  the  head  of  the  Iowa  revetment 
of  "iHlSj  and  causing  an  entire  change  of  the  plan  of  improvement  of  tlm  Iowa  side, 
and  above  this  dike  so  that  the  n-vetnient  has  been  left  uncared  for.  A  portion  of  tlK*^ 
shon*  formed  bv  it  has  be<*n  j-nt  away. 

I'l.OATIXG    DlKr   AT   TlIK    IIKAI>   OF   TIIK   IOWA   RKVKTMENT  OF   187l?. 

As  soon  as  the  new  plan  of  imiu'ovenient  was  approved  the  cutting  at  the  lower  enil 
of  the  ])ockct  abovi'  the  Iowa  n'vctnient  having  stopped,  a  tJOO-foot  dike  was  built  out 
from  this  p<»int  dnring  OctobtM",  l^-T'.J,  with  a  view  of  protecting  and  building  up  the 
bar  .ihMig  the  Iowa  shore  and  of  forcing  the  water  against  the  Nebraska  shore  op- 
posite to  produ<'e  a  heavier  and  more  rapid  erosi(»n.  Its  effect  was  quite  marked  m 
each  case.  A  filling  of  5  tt>  d  ivvi  occurred  very  rapi<lly,  and  extended  out  to  near  the 
end  of  the  dike,  while  along  the  Nebraska  shore  the  cutting  increased  until  suflicieut 
rofnn  was  obtained  to  allow  the  river  to  curve  without  producing  much  pressure  on 
tin*  banks  where  it  slopped  ex(.'ept  during  a  favorable  wind. 

No  attempt  was  niad«'  to  bniUl  the  dike  after  a  new  or  improved  method.  Its  prob- 
able length  of  life  was  small,  and  there  were  '*  weeds''  and  other  materials  on  liaiid 
Huflicicnt  for  the  work,  which  hafl  been  left  over  frrmi  other  and  similar  work.  The 
<'tliciency  <»f  the  dike  was  <'onsiderab1y  impaired  by  unknown  parties  stealing  the 
bnoys.  Those  which  did  not  go  in  this  manner  were  either  carrietl  out  hy  the  ice  or 
cut  off  and  saved.     The  cost  per  foot  was  as  follows : 

Rock $0  15  + 

Weeds 81  4- 

Ihioys l*^  + 

Wire 06  4- 

Labor  and  superint«'nden<-e 77 

Total  cost  i»er  foot 1  91  + 

Total  cost,  .*1, 150. 

The  dike  wasbuiltina4-mile  to  4. 3^-mile  current,  and  at  an  angle  of  from  15-  to  2.7=  with 
it.  It  was  intended  that  this  dike  should  be  rebuilt  and  extended  to  IJtOO  feetclnring* 
the  spring  Just  piissed,  but  a  sntlitrient  amount  of  fnnds  not  being  available,  the  pro- 
ject was  abandoned  until  a  later  date. 


EXTKNSION   OF   TIIK   OMAlfA    KKVETMKXT. 


The  revetment  of 
north  of  the  rnion 


the  Onniha  eity  fnuit  during  1^7^  was  stopped  at  a  place  1,700  feet 
Paeitic  Hailwsiy  bridge.     The  ]dan  t»f  improvement  for  that  vicin- 


a 
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ity  conU>)nplates  its  exteimion  along  a  line  passing  just  oiitsiile  of  the  secoud  west  pier, 
and  as  far  below  the  bridge  as  may  be  required.  A  considerable  amount  of  cutting  is 
needed  in  order  to  get  the  shore  back  to  this  line.  A  distance  of  705  feet  was  all  tnat 
could  be  gotten  in  condition  for  the  work  during  the  year,  and  a  revetment  consisting 
of  a  continuous  woven  willow  mattress  was  placed  there  during  October,  187f . 

A  comparison  of  different  surveys  in  the  vicinity  shows  that  the  hea<l  of  the  cross- 
ing is  moWng  down  stream  from  500  to  700  feet  per  year,  so  that  in  li<82  it  would  natu- 
rally arrive  at  the  desired  place,  at  least  500  teet  below  the  bridge.  In  order  that 
lM>ats  may  i)ass  the  bridge  safely,  the  crossing  must  be  wholly  below  it,  and  the  angle 
between  the  bridge  line  and  the  axis  of  the  stream  as  near  9iP  as  possible.  At  pres- 
ent this  angk'  is  jibout  60^.  When  the  proposed  improvement  is  completed,  theangl« 
will  be  increased  to  75-,  giving  a  clear,  open  water-way  between  the  piers  of  2*20  feet. 
The  spans  of  the  bridge  are  250  feet  each,  and  the?  greatest  available  water-way  is  240^^ 
feet  for  each. 

The  woven  mattress  used  was  very  similar  to  the  form  used  earlier  in  the  year  at 
Sioux  City  and  Vermillion.     The  dimensions  were : 

Width  on  sloping  bank 30  feet  to  40  feet. 

Width  under  water 60  feet. 

Length : 705  feet. 

TliicKuess,  net  H  inches 12  inches  gross. 

Total  width,  average 95  feet. 

Total  square  feet (>6, 975 

The  connection  with  the  ohl  work  was  made  by  lapping  the  new  mattress  60  feet 
on  to  it  and  sinking  it  securely  by  rock  wired  on  to  its  upper  end. 

The  cost  of  the  work  per  foot  of  shore  was  $2.95,  or  about  |5l  per  foot  more  than  such 
work  can  be  done  for  under  favorable  conditions.  This  difference  is  due  to  the  small 
amount  of  the  work  done  (7(K)  feet),  the  difficulty  in  getting  rock  and  brush,  it  hav- 
ing to  be  hauled  part  of  the  way  and  boated  the  rest,  and  to  the  difficulty  experienced 
in  Keeping  weavers  after  teaching  them  the  work.  A  detailed  statement  oi  the  cost 
of  each  part  of  the  work  would  be  of  no  practical  value  in  estimatingon  similar  work. 
The  banks  were  graded  partly  by  the  use  of  picks  and  shovels  and  partly  by  a  hydraulic 
method  described  farther  along.  (The  slope  adopted  was  5  horizontal  to  2  vertical). 
The  shore  portion  of  the  mattress  was  well  covered  with  earth  after  it  was  completed. 
The  work  is  now  in  most  excellent  condition. 

EXTKXSIOX   OF   THE   IOWA   REVETMENT   DOWNSTREAM. 

During  the  sunnner  and  fall  of  1879,  owing  to  changes  occurring  farther  upstream^ 
the  channel  of  the  river  was  forced  against  this  shure  just  below  the  Iowa  revetment, 
and  a  large  amount  of  the  bank  was  cut  away.  As  the  work  of  cutting  away  the 
Nebraska  shore  would  increase  this  tendency  to  cut,  an<l  as  its  continuance  would  be 
somewhat  injurious  to  the  general  ]»lan  of  improvement,  it  was  decided  to  protect  a 
|H>rtion  of  this  bank  by  means  of  a  lijjht  revetment.  The  effect,  if  allowed  to  cut, 
would  be  to  relieve  the  cutting  where  it  was  grt»atly  desired  that  it  should  occur,  and 
also  to  increase  the  curvature  of  the  bend  below  the  pocket  forming;. 

Work  was  connnenced  November  1,  1879,  and  the  mattress,  which  was  continuous, 
was  formed  by  sewing  together  by  wire  layers  of  willow  brush  as  described  below. 
The  bank  was  gradtnl  to  a  slope  of  3  in  5,  a  portion  biding  done  by  hand,  but  the  most 
by  the  hydraulic  method.  Brush  was  obtained  from  the  river  bank  below  the  bridge, 
the  average  length  of  haul  being  about  4^  miles,  and  a  large  portion  of  the  rock  came 
from  the  (iuarr>'  distant  about  7|  miles. 

The  mattress  was  built  upon  and  launched  from  a  mattress  boat,  a  drawing  of  which 
and  photographs  giving  two  views  accompany  this  report. 

The  mattress  boat  <*onsisted  essentially  of  a  set  of  eight  trussed  "  ways-'  supported 
by  two  scows.  The  ways  proper  upon  which  the  mattress  was  made  form  the  upper 
chords  of  the  trusses,  and  are  of  6  by  6  inches  clear  pine.  The  post«  are  also  of  6  by 
6  inches  pine.     The  lower  chords  and  ties  are  2  by  10  inches  pine. 

At  **a^  is  seen  tlie  flooring  upon  which  the  men  worked  while  sewing  and  distrib- 
uting the  brnsh,  "and  at  **(/"  the  walk  for  brush-jjassers,  kept  from  from  sliding 
down  the  ways  by  l-iu<*h  pins. 

The  scows  had  a  depth  of  hold  of  3  feet,  and  were  60  fret  long.  The  up  stream  one 
hftving  the  greater  loa,d  to  carr>',  was  15  feet  9  inches  wide ;  the  other  was  12  feet  wide. 
The  fonner  was  provided  with  a  rounded  apron  for  its  wliple  length  to  facilitate  in 
lanuching  the  work.  The  whole  weight  of  the  trusses  and  their  load  was  supported 
from  the  sides  of  the  scows  as  follows :  To  the  sides,  directly  under  each  truss,  were 
bolted  upright  pieces  of  4  by  6  inch,  and  a  2  by  6  inch  strip  was  nailed  to  these,  the 
whole  length  of  each  side  8  inches  below  the  top.  On  these  strips  and  nailed  to  up- 
right pieces,  were  placed  double  2  by  10  inch  floor  joist  notched  2  inches  near  their 
ends  to  bring  them  flush  with  the  deck. 
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Tilt}  triLstios  at  tlieir  poiutH  of  sai>purt  were  i»iovitU;(l  with  rough  boxes  setting  on 
roiiiKled  bearing  (Hupported  by  Hoor  joist)  in  omer  that  the  structure  might  aucouimo- 
date  itseli'  ejisil^'  to  the  varying  load  during  lauucliing,  which  often  changed  the 
draught  of  the  up  stream  10  inches  to  12  inches.  Tliis  hearing  in  the  up-stream  scow 
was  f  of  the  width  (12  feet)  from  the  outer  edge  of  the  scow,  and  was  placed  so  in 
order  to  balance  the  overturning  tendency  of  tlie  mattress  as  it  rested  on  the  apron. 

In  the  other  scow  this  jioint  is  I  foot  bsu-k  of  the  center,  and  lialances  the  overturn- 
ing moment  due  to  thii  bridging  between  the  scows. 

The  posts  of  this  bridging  were  made  u])  of  two  2  by  10  inch  ^joist  separated  4 
inches  at  their  centers,  and  their  ends  were  held  in  sockets  at  the  sides  of  the  scows 
by  pins,  thus  comidetiug  the  hinged  system  which  allowed  it  to  acconnmKlate  it-self 
to' any  distribution  of  load. 

The  separate  trusses  were  secundy  braced  laterally  and  their  upper  ends  mortised 
into  a  6  by  0  inch  pine  cap-piece.  To  this  cap  were  lashed  9  iron  sheaves  (**  hay-fork 
pulleys")  on  whicli  were  run  the  main  wires  of  the  mattress,  the  wire  reels  being  in 
tlie  ba<.'k  scow,  as  shown.  The  trusses  were  placed  8  feet  apart,  as  long  brush  was 
abundant,  but  a  much  better  result  would  have  been  obtained  had  the  spacing  been 
reduced  to  5  feet.     The  slope  of  the  top  chord  was  4  horizontal  to  1  vertical. 

With  willow  brush  it  was  found  to  be  dithcult  to  make  a  thin  mattress  on  tliis  slope, 
as  the  brush  slides  down  it  and  crowds  closely  together.  Better  results  would  hasre 
obtained  from  a  slope  of  1  vertical  to  5  or  5^  horizontal. 

The  construction  of  the  mattress  was  as  follows:  At  right  angles  to  the  **  ways" 
and  to  the  shore  was  placed  a  very  thin  layer  of  the  longest  brush.  On  this  was  laid 
a  tilling  of  from  4  to  6  inches  of  small  willows,  and  above  all  was  placed  a  third  layer 
consisting  of  the  hmgest  willows,  laid  xmrallel  with  the  first  ones.  This  done,  the  whole 
mass  was  sewed  along  the  main  wires,  located  as  described  above,  by  No.  14  wires,  the 
stitch  being  the  one  shown  in  the  sketch. 


N?  14  WIRE 
=    N9  9   WIRE 


The  stitches  were  about  15  inches  long  and  the  two  wii*es  were  securely  fastened 
together  every  few  feet.  During  tll<^  sewing  the  No.  14  wire  was  held  on  a  double 
pointed  shuttle  of  elm  'M  inches  long,  as  shown  bj'  sketch. 


The  mattress  was  mach^  in  sections  of  fn>m  40  feet  to  60  feet,  and  was  launched  to 
the  water's  edgo  by  simply  ])ulling  the  boat  from  beneath  it  down  stream.  The  liest 
day's  work  wjw  iiOO  feet,  but  the  maximum  ca])acity  would  probably  lie  400  to  450  fe«*t 
per  day,  coubl  a  suflicient  supply  of  brush  be  furnished. 

It  was  at  tirst  intended  that  the  mattress  proper  and  the  shore  or  high-water  pro- 
tection should  be  continuous  and  made  at  the  same  time,  but  the  delay  m  getting  the 
boat  rigged  for  work  h'd  uk;  to  weave  the  shore  protection  in  a  manner  similar  to  the 
usual  woven  mattress,  first  placing  a  layer  of  old  brush  on  the  slope  to  stop  the  cut- 
ting due  to  tbe  swash  of  the  wjiVes  through  it. 

Total  length  of  work 2,<i50feet. 

Total  width  of  work,  average 95  feet. 

Thickness,  average 8  inches. 

Cost  i>er  foot  of  shore,  complett» $1  90 

Kock  hauled  and  boated *  . . .  8     miles. 

Willow  hauled  over  soft  road 4^  miles. 

The  work  stood  tlu'  ice  and  the  spring  and  summer  rises  of  1880  very  well,  indeed. 
The  only  damage  done  was  to  the  high- water  ]>rotectioii  by  drift,  as  it  was  in  a  verj* 
much  exposed  location. 

KXTKNSION   OF   TIIK    UTPKU    IOWA   REVKTMENT. 

As  the  shore  above  the  point  at  the  head  of  the  Iowa  revetment  of  1878  had  not  at 
any  point  reached  the  line  proposed  aud  was  very  irregular,  and  as  it  was  necessaT>', 
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lu  |>1iK'o  wtiue  soi-t  al'  prottii'tioii  uliuve  it,  it  w  im  tIeciJeil  to 
ing  a  luattreBK  un  tliu  Btirfa™  nlon);  llie  proiiosed  line  from 

J-- ■-  ~  r 1-  — J""]  beyond  whicl)  It  woulil  be  iiDiiossiblu  for  the  river  to 

vuK  iieliind  tbe  work  anil  cause  ita  deel ruction. 

It  waa  intoiided  tliat  nhen  tliB  river  had  ecoded  the  Lnnk  back  to  the  dpMired  plsbee 
the  mattmu  being  unilermined  would  drop  over  tht)  bank;,  luid.  'itetlliiig  a^ninac  it^ 
would  stop  the  cutting  when  the  limit  of  aconr  was  reached.  A  careful  study  of  the 
probable  uiirve  the  river  wonld  assnme  if  the  poiut  waa  held,  or,  in  othei  worda,  the 
jirobahln  length  of  the  proposed  line  which  would  be  reached  by  the  river,  (^a1l8ed  me 
lo  decide  upon  2,000  feet  as  the  neceasary  length  of  the  revetment.  la  addition  to 
this  the  upper  end  was  curved  inland  for  iiOO  feet  to  act  aa  a  "root."  The  width 
uilopted  was  1^  feet,  which  is  aufHcient  to  provide  for  a  acour  of  from  TO  to  7f>  feet 
rrom  the  top  of  the  hank.  Work  was  commenced  Noveuiher  1,  1879,  and  i-iiuiploted 
ditring  the  siinip  montli. 

Ill  I'mi'li'iirtTiiii  (Ik*  mattiesa  didurod  little  from  the  onlioar;  woven  mattrew,  and 
I  If,  •■•iHt  w:n  s).',iii  |i(.i-  running  foot,  or  l.G  centa  per  aiiiiare  foot,  coniplatecl,  a  portion 
I  I   iti'-  III  1.  Ik'ji:^:  m  jivd  on.    The  willow  for  the  work  waa  hanled  7  milea  hy  wagon 

:iJMi  111.- 1>   .iin.iii  ;u  lo  4  miles  over' very  poor  ronda.     The  amount  of  work  woven 

T>i'i  iki>  .ivi'iii^vil  :iUiiiit  100  ninuiog  feet..  The  greateat  amount  woven  in  one  day 
tviiH  HI  ici>t,  or  lij.U-.^)  M[uare  feet.  The  force  employeil  averaged  from  25  to  30  rueii. 
A  duy'.i  work  for  one  weaver,  with  a  helper,  averaged  ahout  1,3do  aqnare  feet. 

Tlie  work  was  left  uncovered  during  the  winter  and  aa  the  willows  were  out  v^'rji' 
late  iu  tlie  fall  they  did  not  dry  out  to  any  considerable  extent.  During  the  spriu(;  of 
1(980  the  revetment  wna  severely  tried  and  a  considerable  expenditure  made  to  keep  it 

The  apring  riae  was  an  unuanalty  sudden  one,  chaugiug  from  very  low-watt>r  to  a 
depth  of  :i  &t  over  the  center  of  the  niattreas  in  abont  thirty-six  hours.  Its  Qnit 
effect  was  to  cut  away  with  gi'eat  rapidity  tlie  point  of  land  200  feet  to  300  feet  wide 
outside  of  the  work,  and  to  cut  conaidernhly  beneath  it  at  the  soft  "slough"  at  itt 

A  heavy  north  wind  prevailing  all  the  time  the  water  was  riaiug,  and  for  several 
ilaya  ofti'v  forced  tlie  drift  with  great  violence  against  the  edge,  tearing  it  iiadljr 
before  the  hank  could  cut  away  aud  allow  it  to  ilrop  beneath  the  water  a  sulHcienb 
distance  to  be  protected  by  it.  It  atmok  with  great  violence  at  the  point  and  SOU  feet 
were  carried  away  from  the  lower  end  before  the  work  of  repairing  could  be  com* 
menccd.  A  bull  break  also  ocanrred  at  the  center  where  it  crossed  the  soft  slongh  nnd 
threatened  to  out  it  into  two  piecex.  Aa  aiHin  a»  the  water  got  below  the  edge  of  the 
liaiik  the  t<irij  [ilncos  lu  Ihe  loattrees  were  sewed  atruugly  with  wire  and  a  new  edge 

Till'  wiiTiT  fill  vi'iy  riipiilly,  nnd  the  mattrewi  hanging  over  the  bank  nnd  fitting 
vi-ry  c1i)i4t'],v  til  il  III '^iiu  to  \ie  torn  and  pnileil  apart  by  the  large  mosses  of  earth  as 
tluiy  l><-<'iii!'ii>  di'l.'ii'lii'il  and  foil  into  the  river.  Ttiis  necessitated  sewing  the  whole 
iimttii>H-  I'loiii  ilii'  VI  iiii'i's  edge  back  and  the  adoption  of  several  other  devices  for 
lirpvi'iiiiiiir  ihi"-!'  liri'^ikA.  all  of  them  more  or  less  auccpssfiil.  As  the  bank  became 
ilryiT  ;iiiil  tlir  i-.i'.  ini;  \ens,  the  breaks  all  occurred  immediately  beneath  the  water's 
I'iIki',  'I'liii.,.!'  1.1  I'll-  MTy  successfully  stopped  and  prevented  from  increaMing  in  size  by 
Miiikiii):  iivi'i'  till'  l>]'iaks  a  piece  of  woven- wire  curtain,  such  as  was  used  in  the  dike 
work,  aftrr  seenn-ly  wirinfj  rock  to  it. 

Iu  this  juaniu^r  1  sitcceedcd  in  repuiriug  all  of  the  breaks  and  in  placing  the  work 
into  sacii  nonditiou  that  it  stopiM^d  all  erosion.  When  tliia  result  was  reached  the 
eurvature  of  the  bend  had  berome  vny  shuri),  the  radius  being  only  1,200  feet,  and 
Ihe  maximum  depth  of  witter  off  the  ahure'boa  reached  50  feet.  The  mattress  waa  in 
the  water  for  a  disiimce  of  1,H00  Ibet,  300  feet  of  it  and  the  root  still  remaining  on 
shore.  The  umleii.il  forming  the  bank  at  the  center  of  the  work  being  very  soft  and 
easily  eriidi^d,  it  i-ut  back  si)  for  as  to  necessitate  widering  the  mattress  by  weaving 
a  strip  along  thi<  ijiucr  edge  about  30  to  40  feet. 

On  the  uioruinu  of  May  21,  it  woa  found  that  a  break  hud  occurred  during  the  pre- 
vious night  causing  the  mattress  to  be  torn  nearly  into  two  pieces  near  the  ''  Hloagh." 
The  break  commence)!  about  500  feet  fiirther  up  stream  and  widened  rapidly  to  thia 
point.  The  hank  being  exposed  it  cut  away  with  snch  rapidity  that  the  inner  edge 
of  the  mattresH  dropped  into  the  river. 

The  appropriation  being  nearly  exhausted  and  the  balance  on  hand  insnfRoieut  to 
repair  the  break,  I  woa  compelled  to  allow  mattera  to  take  can'  of  themselves.  The 
lower  half  of  the  work  will  probalily  be  entin'ly  destmyed  before  the  present  liigh- 
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TARBOX  POINT  DIKK. 

The  preparatory  work  for  the  constrnction  of  the  wire  curtain  dike  at  Tarbox  Point 
was  begun  April  12.  Tlic  Avork  was  stopped  before  the  completion  of  tho  dike,  owing 
to  a  scarcity  of  funds,  yet  enough  was  placed  in  position  to  insnre  the  success  of  this 
sort  of  structure  and  furnish  data  for  estimating  its  cost.  The  dike  is  essentiallT  a 
wire  screen  of  coarse  raosh,  having  a  width  of  30  feet,  and  is  hold  in  place  b^  weiffnt- 
ing  one  edge  with  rock  and  supporting  the  other  edge  by  buoys.  The  total  length  of 
the  dike  was  800  feet. 

Two  forms  of  meshes  for  the  wire  curtain  were  used,  viz,  the  diamond  shape,  with 
diameters  of  16  inches  and  24  inches  (the  latter  vertical),  and  the  hexagonal  with  a 
shorter  diameter  of  10  inches.    The  method  of  making  the  former  is  shown. 

No.  14  wires,  wound  on  spools,  were  led  over  the  top  of  a  24-inch  drum  into  which 
pins  were  driven  at  the  proper  places  for  shaping  the  mesh.  The  strands  were  then 
brought  together  beneath  the  pegs  and  twisted  securely,  care  being  taken  to  cause 
each  strand  to  travel  continually  along  the  drum  in  order  to  make  each  diagonal  of 
the  curtain  from  a  single  wire  and  not  from  tho  zigzag  portions  of  several  wires.  The 
work  was  wound  in  a  roll  as  fast  as  it  was  completed. 

Four  men  are  as  many  as  can  work  to  advantage  at  this  frame,  twisting,  while  one 
man  keeps  the  spools  filled  with  wire.  The  average  day's  work  was  36  feet  per  each 
man  employed,  or  180  feet  per  day.  Amount  of  wire  per  foot,  a  trifle  less  than  one 
X>ound  of  No.  14. 

The  hexagonal  mesh  was  the  same  as  that  used  at  Nebraska  City^  Nebr.,  during 
the  fall  of  1S79.  A  sufficient  number  of  wires  were  stretched  on  a  horisontal  tnme 
and  10  inches  apart  and  the  meshes  were  made  by  bringing  together  at  the  proper 
place  two  of  these  wires  adjoining  each  other  and  twisting  tnem  secnrely  together  by 
means  of  an  iron  pin,  as  shown  by  this  sketch.    The  frame  was  provided  with  a  alidilhg 

guide  having  staple  for  the  wires  to  pass  tluonffh, 
thus  holding  them  in  places  while  being  twiatedr 

The  frame  for  the  curtain  was  80  feet  long  by  90 
feet  Avide. 

Seven  men  with  two  boys  to  help  will  make  and 
wind  400  feet  per  day.  The  amount  of  wire  per 
foot  of  curtain  is  about  1^  ]K>nnd8  of  No.  14. 

Each  of  these  styles  wore  furnished  with  selvage 
edge,  made  by  twisting  two  No.  12  wires.  The 
total  average  weight  was  about  1  pound  to  30  square 
feet  of  curtain. 

The  buoys  were  pino  boxes  12  inches  square  at  the  end  and  2  feet  long.  They 
were  made  tight  by  marline  at  each  joint  and  then  were  well  tarred.  In  order  to  dis- 
tribute the  buoyancy  as  nearly  uniformly  as  possible,  these  small  floats  were  selected 
and  placed  10  feet  apart,  giving  a  flotation  of  about  12  pounds  per  running  foot,  in- 
stead of  using  larger  floats  and  concentrating  the  buoyancy. 

The  success  or  failure  of  the  work  depends  upon  the  buoyancy  of  tho  nppor  edge 
and  the  eflect  produced  by  the  loss  of  a  small  buoy  is  scarce  noticed,  while  tne  loss  of 
a  large  float  where  the  buoyancy  p(T  foot  of  dike  is  the  same  produces  a  Tory  bad 
result. 

The  anchors  were  pieces  of  rock,  averaging  80  pounds  e«ch  in  weight,  and  were 
wired  securely  to  the  lower  edge  about  2  leet  apart,  thus  obtaining  a  nearly*  uniform 
anchor  weight  throughout  the  whole  length  of  the  dike. 

The  method  of  constructing  or  placing  the  dike  in  the  river  is  shown. 

A  line  of  anchors  Avith  barrel  buoys  were  located  immediately  above  the  line  of  ihm 
dike,  and  ])y  means  of  these  and  a  ca])stan  the  barge  was  worked  out  from  the  ahon 
with  its  gunwale  always  at  right  angles  to  the  dike.  The  end  of  the  curtain  being 
securely  anchored  on  shore,  the  roll  being  in  the  hold  of  the  barge,  the  corapletod 
Avork  Avas  passed  over  the  side  as  rapidly  as  men  could  wire  rock  to  Qie  curtain  at  tbm 
bow  and  buoys  to  it  at  the  stem  of  the  barge. 

The  work  was  designed  to  be  sufficiently  ox>en  so  that  the  accumulation  of  Toota, 
&c.,  in  twenty-four  hours  would  decrease  the  cross-section  one-sixth,  and  to  have  a 
width  of  at  least  three  times  the  de]>th  of  water.  Owing  to  the  very  great  amount  of 
young  willows  floating  beneath  the  surface  and  to  the  final  location  of  the  dike  in 
somewhat  deeper  water  than  at  first  intended,  these  points  were  not  reached.  The 
first  line  of  curtain  was  laid  as  shown  in  sketch  (a).  In  twelve  honra  it  had  aosnmed 
the  position  shown  in  sketch  (&),  and  the  meshes  wore  so  completely  Ailed  with 
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Trillows,  &c,f  that  a  pole  could  not  be  tlirust  throngli  the  mass,  aud  it  is  doubtfu 
if  a  greater  number  of  buoys  would  have  changed  the  result. 
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Eight  hundred  feet  were  placed  in  this  manner  when  it  was  thouffht  advisable  to 
lay  a  second  line  immediately  over  the  first.  Four  hundred  feet  of  this  line  were 
completed  when  work  was  stopped.  This  line  was  buoyed  at  intervals  of  &om  5  feet 
to  8  feet,  and  had  the  same  weight  of  rock  per  foot  as  the  first. 

Six  hundred  and  fifty  feet  of  the  hexagonal  mesh  and  550  feet  of  the  diamond  mesh 
were  used.  No  difference  due  to  the  size  or  shape  of  the  meshes  could  be  discovered 
exoept  that  the  former  was  the  stronger.  The  best  speed  made  was  400  feet  of  dike  by 
nine  men  in  ten  hours,  and  it  is  thought  that  under  favorable  circumstances  12  men  can 
layl,000  feet  of  the  dike  per  day. 

The  rapidity  with  which  the.  meshes  of  the  dike  filled  with  submerjy^ed  material  was 
astonishmg,  so  that  the  problem  is  really  how  to  construct  a  dike  which  will  not  catch 
all  of  this  material  instead  of  one  which  will  stop  it  all,  as  was  at  first  thought  desira- 
ble. This  result  can  be  obtained,  I  think,  by  using  a  long  narrow  diamond  or  hex- 
agonal mesh  which  will  allow  a  lar^e  proportion  of  the  floating  brush  to  slide  up  and 
over  i^  the  longer  diameter  of  the  diamond  being  vertical. 

The  total  cost  of  the  work  was  $613.75,  distributed  as  follows : 

Rock $202  72 

Bnoys 119  50 

CNulain,  including  transportation,  labor,  &c 291  53 

Total 613  75 

Co9i  of  diamond  meah  curtain f  per  foot. 

Making,  including  one-half  foreman^s  time $0. 044 

Transportation 0.016 

Ancbon 0.169 

BnoyB 0.099 

Launching  (many  breaks  occurred) 0.142 

Wire : 0.075 

Total  per  foot  of  dike 0.545 
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Coat  of  hexagonal  mesh  per  foot  of  dike. 

Making,  including  one-balf  foreman's  time ^031 

Transporting 0.016 

Rock 0.169 

Buoys 0,01)9 

Launching  (no  breaks  occurred) 0.0425 

Wire , 0.100 

Total  cost  per  foot  of  dike ;.     0.4575 

The  cost  of  making  is  based  on  the  best  day's  work  of  each  partv. 

The  object  of  this  dike  was  to  throw  the  main  river  across  to  the  Iowa  side  imme- 
diately above  the  point  of  the  bar  which  made  up  fi-om  the  head  of  Willow  Island, 
thus  shutting  oil'  the  Willow  Island  chute  and  building  the  above  bar  b«ck  to  the 
Nebraska  shore. 

A  very  large  deposit  occurred  for  a  long  distance  below  the  dike,  and  could  it  have 
heen  extended  to  1,500  feet,  as  at  first  intended,  the  desired  result  would  have  been 
secured.  The  water  now  sweeps  around  the  end  of  the  dike,  having  cut  away  the 
upper  end  of  the  bar,  so  that  the  discharge  through  the  chute  nas  not  oeen  decreased. 

HYDRAULIC  GRADING. 

During  the  fall  of  1879  the  experiment  of  using  a  jet  of  water  for  the  purpose  of 
grading  the  banks,  preparatory  to  placing  woven  mattress  work  upon  them,  was  tried, 
and  the  results  obtained,  although  the  plant  employed  was  far  from  being  an  efficient 
one,  proved  this  to  be  beyond  a  doubt  the  cheapest  and  most  satisflftotory  method  yet 
employed. 

The  plant  consisted  of  a  flatboat,  12  feet  by  45  feet,  containing  m  horizontal  tabu- 
lar boiler  aud  a  Blake  special  mining  patt^em  pimip,  properly  arranged  for  taking 
water  from  the  river  above  the  place  to  be  graded  and  forcing  it  through  a  Scinch 
rubber  hose.  The  entire  cost  of  the  outfit  complete  (with  the  exception  of  the  flat- 
boat)  was  $2,133.68,  and  the  cost  of  working  per  day  about  $16. 

It  was  proposed  to  carry  on  a  series  of  experiments  with  a  view  of  finding  some 
method  of  using  the  water  jet  to  remove  bars  or  portions  of  the  shore  Hue,  but  the 
laijD^e  amount  of  bank  grading  to  be  done  did  not  adniit  of  it. 

The  following  is  the  principal  data  concerning  the  plant : 

Stroke  of  pump inches..  12 

Diameter  of  steam  cylinder,  area  113  do....  12 

Diameter  of  water  cylinder,  area  38^ do....  7 

Ratio  ofst^am  and  water  pressure  per  square  inch 1  to  3 

Single  stream : 

Average  piston  travel  per  minute  for  80  pounds  boiler  preRsure feet..  200 

Same  for  70  pounds  boiler  pressure do  ..  160 

Two  sti^eams : 

Average  piston  travel  per  minute  for  70  pounds  boilor  pressure do ..  224 

Same  for  60  pounds  boiler  pressure ...do  ..  200 

Gallons  per  stroke  (single )  or  per  foot  of  travel .• gallons  - .  2 

Maximum  safe  speed  of  pump  per  minute : feet..  200 

Maximum  discharge  per  minute .\. gallons..  400 

Assuming  5  pounds  loss  between  boiler  and  pump. 

Horse-power  of  pump  for  maximum  discharge : 

Using  one  stream horse-power..  51 

Using  two  streams %...ao 37.7 

Diameter  of  boiler .* 3'  9" 

Length  of  tubes 3'  2" 

Diameter  of  tubes,  average 1" 

Number  of  tubes 156 

Width  of  grate 3'  4" 

Depth  of  grate  (lowest  tube  5"  above  grate  bars.) 3'  6" 

Dome: 

Diameter 2^  6" 

Height 72" 

Steam  pipe 1|" 

Exhaust  pipe ,.  2" 

Suction  pipe 4" 

Total  heating  surface square  feet..  167 

Horec-power,  using  12  square  feet  per  horse-power '. •., 14 
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AHsuiniug  mean  eftoctivc  pressure  in  steam  cyliader  at  75  pounds  per  square  inoh, 
tlio  xiressurc  in  the  vrator  cylinder  becomes  225  pounds  per  square  Incli  (approximated). 


SKETCH    OF   BOILER 

The  IVictioual  resistances  in  discliarging  450 gallons  water  per  minute  tlironfrh  100  feet 
mbbcr  hose,  2i  inches  in  diameter,  being  60  pounds  per  square  inch  (see  work  done  by 
and  power  required  for  5  streams,  Ellis),  and  assuming  5  ponnds  per  square  inch  resist- 
ance in  the  pump,  the  pressure  at  the  nozzle  becomes  160  ponnds  per  square  inch,  or 
abont  10  pounds  less  tlian  the  theoretical  pressure  necessary  to  discharge  the  same 
amoant  oi  water  through  the  same  size  orifice.  With  this  quantity  of  water,  at 
the  pressure  stated,  it  was  found  that  the  maximum  effective  cutting  distance  was 
firom  15  to  18  feet,  with  the  best  form  of  nozzle  to  be  obtained  in  this  vicinity.  On 
the  highest  banks,  12  feet,  where  the  slope  is  nearly  30  feet,  this  stream  was  not  suffi- 
cient to  do  the  work  without  moving  the  stream  down  the  slope  to  a  point  nearer  the 
material  to  be  moved,  and  the  quantity  of  water  was  not  sufficient  to  soften  and  carry 
away  the  material  as  rapidly  as  it  should.  The  best  results  were  obtained  by  using  a 
1-inch  ring  nozzle,  made  by  setting  a  nipple  of  1-inch  gas  pipe,  f  inch  long,  into  the 
orifice  of  a  l^-inch  smooth  brass  nozzle.  This  form  was  founa  to  give  a  stream  which 
woald  hold  together  for  a  greater  distance  than  one  given  by  the  ordinary  1-inch  ring 
nozzle. 

A  smooth-bore  nozzle  gave  no  satisfactory  results,  though  several  were  tried,  the 
■  sizes  varying  from  f  to  1^". 

The  method  of  working  the  jet  from  the  flat-boat  was  found  to  be  impracticable, 
and  that  a  uniform  grade  could  not  be  obtained  in  this  manner.  The  method  adopted, 
after  trying  all  that  could  be  thought  of,  was  as  follows,  and  is  shown  b}*-  the  sketches. 
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The  (tnide  line  being  mn,  a  pointed  gas-pipe  socket  3  feet  long  (by  UIiich«dl«netOT 
inide)  18  driven  into  the  ^und,  abont  Sfeet  back  of  it,  andlnto  tWi  Ib  put  the  piu 


D,  being  moved  slowlv  bkdc  to  C  occa^on- 
•,^  »lly„to  wnsli  aw»y  tbe  material  cat  away 
■-•^  by  the  jet. 

Slices  of  the  bunk  are  then  cnt  oat  as 
along  the  dotted  lines  shown,  care  always 
heiuR  taken  to  have  the  face  of  the  out  p«r- 
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I^Bktik  ii  flay,  or  is  lilleit  witli  ri>ot«,  to  drive   a  uH^keL  purt  ivaj  ilowu  ttio  ^Jile,  anil 
tnua  establiiili  an  intnmicdial^  cutting  BtatioD. 

An  average  day'*  n'ork,  when  there  are  iio  iiuuaual  Mops  maile,  U  the  grailiag  of 
abuat  100  fuel  of  Hlmre,  ami  moiiog  from  5  to  6  cubic  yards  of  rurtti  pcv  loot,  or  ItODi 
TiOO  to  GUU  I'libii.i  yiinlH  of  the  ordinary  bank  niatcriul. 

tN94. 
f- ■: '* —7 ■>■, 
-  7 
*^          HALF     SECTION    OF  NOZZLE 

>T'li«re  thn  inuterini  is  a  liclit  loose  aaiid,  this  amount  cnii  lio  iuoreused  evim  wit^~ 
tliB  inefHcient  plant  employed  to  dOti  of  900  onbio  yatds,  while  in  toiiah  clay,  Hlled 
with  willowrootH,it  is  oTteu  very  difficult  to  breakup  and  remuve  over  SWeabio  ynrda. 
The  above  rosultH  wereobtainod,  using  onejet  and  not  working  full  time,  owing  to  tbs 
ineffioiency  of  the  boiler,  wliich  with  the  utmoat  forcing  eoulil  not  maintain  the  BO 
ponuds,  steam  presauro  required,  and  to  the  smnll  size  of  the  boiler  tuhea  (1  inch  iu 
tliamet«r)  rendering  it  nacuBaary  to  clean  tbern  often,  na  mtuiT  oa  four  times  per  day. 

The  coal  used  (Den  Moinea,  third  Vein)  bums  well  in  boiler  having  aj  fo  3-inoh  tubes, 
he  usual  size  in  this  vicinity,  lint  uo  aatiafai^tory  results  could  bo  obtained  iiatiig  one- 
1  nch  tubes. 

Taking  into  account  all  delaya  fVoni  boiler  cleaning,  burst>.-d  hose,  >&c,  not  over 
1  liree-fourths  of  the  tiuie  wua  «ient  in  all'ective  working, 

With  an  efiicietit  boiler  and  hose  of  sufficient  strength,  the  effective  work  could  be 
made  more  than  double  the  resnItH  obtained,  and  I  am  confident  that  with  a  carefully 
deaigned  plant  the  cost  of  grading  bouka  can  be  reduced  to  less  than  3  cente  per 
(labic  yanl  sa  an  average. 

The  actual  average  cost  for  the  whole  season,  iuclndiug  time  fur  inonutiiig,  for  re- 
pairs, and  for  dismantling  was  fiir  labor  4.1  oeut4  per  cubic  yard,  and  for  fuel  1.15 
cents  per  cubic  yard,  or  a  total  cu«t  of  ri.;25  ceiita  per  cubic  yard. 

Daily  average  taken  while  warkinK  in  the  Hehter  HDik,  showed  a  cost  of  fivm  S^ 
centB  to  m  cents  per  cubic  yard,  after  allowing  fur  repair*  and  for  interest  on  the  in- 
Testment.  In  ttie  stratified  sands  and  clays,  the  co«t  was  &om  3  cents  to  4  cents  per 
Dubio  yard.  At  Giuuba  Point,  wliere  the  material  waa  a  tough,  firm  olay,  completely 
""  il  with  willow  roots,  and  where  iu  umutually  flat  slope  waa  K>ven,  the  L'ost  varied 


nGceutatoi^  ceula  per  ciibir  mnl.     At  this  latter  plat 
le  alope  conld  not  be  obtaineii  by  the  ii        .---<---• 
«enta  to  l8  cents  per  tubie  yard. 

Upon  two  ot'caaiou  a  comparative  trials  wercmade  to  determine  the  roIativnppmtDmy 
of  tie  two  kinds  of  grading,  extending  over  nevernl  days.    The  Kruuiid  selected  was 
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very  uniform  throughout,  and  somewhat  better  or  caaier  to  work  by  hand  than  the 
average  banks  arc.  The  cost  per  yard,  net,  for  the  work  done  by  the  ase  of  picks  and 
shovels  was  6f  cents.  The  cost  by  the  hydraulic  method  was  3^  cents  por  yard,  a 
trifle  over  one-half. 

The  shovel  grading  was  thus  about  28  per  cent,  gi'eater  than  the  average  for  the 
season  as  .given  above.  5^^  cents. 

If  the  mattress  work  is  up  clofte  to  the  grading,  so  a»  to  be  placed  on  tlio  slope  im- 
mediately, the  above  is  a  fair  average  cost  of  shovel  grading,  but  it  is  oftener  the  caae 
that  the  Wo  kinds  of  work  are  several  days  apart.  When  this  state  of  aflairs  exists 
the  superiority  and  economy  of  the  hydraulic  work  is  apparent. 


N?  6. 


Sketch  No.  5  Hhows  the  relative  conditions  of  the  two  kinds  of  grading.  In  gradiu;; 
by  shovel  a  bank  of  earth  is  rapidly  built  up  at  the  foot  of  the  slope  at  ''A,"  so  that 
the  slope  never  coincides  with  the  one  desirod,  but  is  flatter  until  thei  water  line  is 
reaohed,  when  there  is  a  sharp  reversed  curve  -to  reach  the  natural  slope  nnder  water. 
The  bank  thus  built  up  is  very  soft  and  will  not  support  a  man's  weight  or  stand  tlie 
wash  of  the  current  or  waves,  so  that  in  a  few  days  the  bank  assumes  a  shape  shown 
in  Sketch  No.  6,  having  a  bluff  bank  from  2  to  3  feet  high  at  the  foot  of  the  slope, 
necessitating  regradiug,  often  at  a  cost  of  from  5  cents  to  8  cents  or  10  cents  per  foot 
of  shore.  Inc  slope  when  reached  by  the  hydraulic  method  is  firm  and  hard  and  all 
the  suri)lus  material  is  dissolved  or  softened  up  and  washed  away  from  the  foot  of  the 
slope.  The  bank  at  the  water's  edge  thus  approaches  the  nearest  possible  to  the 
natural  slope  under  water,  and  is  thus  made  less  liable  to  be  cut  away  than  the  natural 
bank.  This  advantage  is  apparent  both  before  the  mattress  is  placed  and  after,  and 
the  condition  of  the  bank  for  insuring  good  work  is  marked  as  to  cause  one  to  lavor  # 
the  hydraulic  grading,  even  at  a  greater  cost. 

It  soon  became  evident  that  the  plant  was  entirely  too  small  to  do  the  proper  amount 
of  work  of  grading,  but  more  especially  so  for  the  work  of  cutting  the  shore  line  back 
any  distant^e  or  for  making  an  a])prociable  eflect  on  bars. 

To  keep  entirely  ahead  of  the  mattress  work  the  capacity  should  be  at  least  300  feet 
per  day  or  about  three  times  the  capacity  of  experimental  plant.  The  quantity  of 
water  thrown  (400  gallons  per  minute)  was  not  sufiicient  to  saturate  the  material  in 
the  case  of  sand  or  to  soften  and  break  up  the  large  lumps  of  clay,  and  also  wash 
them  into  the  river.  In  sand  the  volume  should  be  suflicient  to  at  once  form  a  fluid 
mass  which  would  run  quickly  from  the  grade.  Careful  observation  during  the  prog- 
ress of  the  work  led  me  to  decide  that  the  quantity  of  water  thown  in  this  soil  snouM 
be  from  2  to  2^  times  the  above  amount  or  from  800  to  1,000  gallons  per  minute.  This 
amount  would  carry  off  sand  and  loose  material' as  rapidly  as  it  could  be  undermined. 

The  cutting  effect  of  this  jet  was  about  sufiicient  for  sand,  but  was  not  so  for  the 
liarder  aud  tougher  material  found.  With  such  an  increase  in  the  quantity  of  water 
thrown,  the  cutting  eft'ect  at  the  same  nozzle  pressure  (160  pounds)  would  be  largely 
increased,  but  as  this  in  clays  depend  almost  entirely  upon  the  intensity  of  the  pres- 
sure or  impact  and  not  so  much  upon  the  quantity  of  water  thrown,  I  would  sugsest 
that  in  any  apparatus  devised  for  this  pui-jiose,  the  nozzle  pressure  be  increased  to 
about,200  pounds  per  square  inch. 

Two  of  the  next  larger  size  of  this  same  style  of  pump  working  to  a  common  air- 
chamber,  would  probably  be  ample  for  grading  any  bank  when  worked  to  their  full 
capacity.  The  air-chamber  should  be  very  large.  This  is  a  fault  common  to  nearly 
all  of  the  smaller  steam  pumpb,  that  the  air-chambers  are  insufficient  and  that  the 
pulsations  are  carried  i  he  full  length  of  the  hose. 

In  this  character  of  work  whore  the  hose  has  to  lie  on  the  ground,  the  pulsations 
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prcvviiltMl,  \ui  tliL^  coiiBtaut  moWiig'  of  the  Ikihc  houii  n~<?ii[s  u  Ejiiki  Dii'oiigli  il 
(iiijiit  U  siiffli'tcnt  I'or  the  prpBsare  to  burst  a  hole  through. 
A  jilant  of  this  sort  is  of  great  Toliie  fnr  nnmeronB  other  tLiiius  besiilec  the  work 
for  whith  it  vta  dosigned,  aud  by  iiitrensiDE  its  power  to  tliat  iDfliealcd  above  and  by 
supplying  it  with  a  proper  boiler,  I  am  confident  l.lial  ordinary  river  baukn  uiity  be 
^^ffraded  by  it  at  a  coat  of  little  over  1  oeut  per  yard^ 
^^F  Kenieutfully  anbmitted. 

^K  I.'FiK.-L'iTK  It.  Davis, 

^B  Uij-  CiTAs.  R.  Sui'KR,  .li^iKUiiil  K.i;,hirer. 

^^K  Coi/M  of  Kogineert,  C.  *'.  A. 


Q  14- 

'UOVf:MEKT    or    MlfiSOl'Kl    RIVEH    BETWKEN    OMAHA   AND    PI.ATTS- 

mouth,  nebkabka. 

United  Stater  Enginbeu  Office, 

ISaint  Louis,  Mo,,  January  30, 18S0. 

Gkneuai.:  Ill  coiutilimiuH  with  yonr  iostructioiis  of  the  9th  ultimo,  I 
have  the  houor  to  submit  herewith  a  copy  of  the  map  of  the  Missouri 
River  between  the  railroad  bridges  at  Omaha  and  Platt«mouth,  Nebr., 
recently  made  luider  my  directiou,  and  also  a  copy  of  a  report  of  my 
assistant,  Cai)t.  Thomas  U.  Haiidbnry,  Coi-jts  of  Engineers,  U.  S.  A. 
giving  plans  and  estimates  for  the  iinpi-ovement  of  tlie  navigation  of 
the  liver  between  the  points  mentioned. 

For  details,  I  beg  to  refer  to  tlie  aceoin|>anying  report  and  map.  The 
situation  in  bilef  is  this:  The  portion  of  the  Missouri  Kiver  under  con- 
sideration is  extremely  tortuous  and  has  a  heavy  slope,  avei'aging  ^ 
of  a  foot  to  the  mile.  The  banks  are  very  unstable  and  are  subject  to 
great  erosion,  the  result  of  which  is  an  excessive  width  of  waterway, 
with  ever-shifting  ehanuels  aud  small  navigable  depth.  The  incessant 
erosion  on  the  narrow  necks  between  bends  haa  already  caused  two  cut- 
oft's,  one  at  Omaha  and  another  at  Saint  Mary's,  a  few  nules  above  the 
mouth  of  tJie  Platte ;  aud  several  others  may  be  soon  expected  if  meas- 
ures are  not  taken  to  prevent  them.  The  effect  of  cut-ofl's  is  to  greatly 
increase  bank  erosion  in  the  neighborhood  and  to  impair  the  navigation 
over  considerable  distances.  It  is  also  desirable  that  a  stable  re^mcn 
be  e!*tablished  throughout  this  slrett^h  of  river,  as  any  changes  here 
would  have  a  very  prejudicial  effect  upon  the  works  of  improvement 
now  in  progress  at  Omaha,  above,  and  Nebraska  City,  below. 

The  plan  proimsed  by  Captain  Handbury,  and  which  is  approved  by 
me,  contemplates  the  protection  of  such  banks  as  are  exi)08ed  to  erosion 
and  a  jwirtial  rectification  of  the  channel,  by  the  use  of  methods  and 
appliances  similar  to  those  succeasIUUy  used  under  my  direction  at  many 
other  iwints  along  the  river.    The  estimated  cost  is  as  follows : 

iingl80,(MH)iVetofBlioni  linf>.  at  t3.35  per  foot $405,000 

;nieliiig20,0u0fretofbniHh  dike,  »t  ?1  per  foot at, 000 

■uporiiitetideQi'e,  surveys,  rotiiigemni's,  &o 7S,00O 

B  Total 500,000 
f  tbis  amount  $200,000  could  be  advantageously  expended  in  one 
Itson,  and  it  is  important,  in  order  to  carry  the  work  to  completion 
with  economy  and  dispatch,  that  the  appropriations  for  the  work  should 
be  iriade  in  liberal  sums. 

I  am,  gencTal,  very  respectfully,  your  obedient  servant, 

IUhas.  K.  Suteb, 
Brig.  Gen.  H.  G.  Wrkjot,  Major  of  Enginetrs. 


^Teaso 
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L'siTKn  States  Bngikkrr  Offic   . 

SaittI  Louit,  .Vo.,  January  ^,  18n(l. 

Major  :  In  obedienoe  to  j'oiir  verbal  initnictiotiB  re«eived  ft  Aw  days  Hinc«  I  Iiam 
Iht)  boDor  to  sabmit  tbu  fuUuwiag  report  upon  tbe  concliticin  nf  tbe  Hiuoiiri  Rircr 
between  Omahu  and  Ptattsnioutti.  N«br.,  together  witli  a  plan  nnil  OBtJniftM  of  tbar 
probable  expecae  for  improving  tbe  navigation  of  tbe  name  between  thcw  two  polntlk 

Tbe  len^h  of  the  river  foltowing  the  ohanuel  line  inebubxl  between  Omann  vaib 
Plattemouth  is  about  W  miles,  witli  an  averBigo  alnpo  of  i^  font  t»  the  mile.  Tlw 
width  of  tbe  valley  throngbont  this  extent  will  average  oliout  4  miles.  Its  soil  iaii 
general  a  jj^ht  alluvium  that  has  been  washed  iluwn  in  former  years  from  tho  nppu 
EBgiooa.  Thtougb  this  tbe  river  Hows  with  a  t^\A  current  in  constuntljr  clianguiri 
cbanneLa. 

Etidences  everywhere  exist,  not  only  in  this  apei-'ial  locality  but  throughout  tl 
wboleextent  of  the  Missouri  Kiver  Volley,  that  in  past  ages  the  river  bos  with  -  " 
or  leas  periodic  regularity  changed  the  location  of  its  bed  from  one  hlulf  to  Umi 
and  thea  bach  again,  moving,  in  this  change,  the  whole  of  the  enonooiiB  amotint 
soil  that  lies  1<etween ;  and  this  operation  is  still  going  on,  ox  ia  loaiiifest  by  the  enH 
HioDS  that  are  taking  place  and  the  constant  disapiiearaiice  into  the  waten  of  tb* 
river  of  acre  after  acre  and  farm  after  farm  of  the  most  productive  laud  in  the  worlds 

So  long  as  this  region  was  in  a  8tat«  of  nature  it  made  bnt  little  diffenuion  what, 
changes  took  place  or  what  was  the  result  uf  the  contest  that  was  going  on  betwfl»k 
the  Datnral  forces.    Tbe  river  might  tbeu  travel  back  and  forlh  between  the 

of  ite  permanent  hatrieis  as  often  aa  it  pleased,  audmove  that  which  woa  in  ill 

whenever  and  wherever  it  liked,  Imt  w  tien  civilization  appeals  upon  the  sc«no,  wlt&i 
its  steamboats  and  railroads  and  bridges  and  a^culturul  intiJCMts  and  habitation! 
for  the  comfort  and  eonveDionoa  of  man,  then  it  becomes  ■—■—'■--  •"  ">■ — 1»  >i__ 
eiTatic  wandonugH  and  to  prcncribc  some  reasonable  bonud.^ 
restricted. 

A  lar^  river  like  the  Missouri,  with  a  slope  asgreatna  that  which  it  has,  anddMin- 
ing,  as  it  does,  many  thonsand  miles  of  territory,  will  maintain  a  velocity  snlH^endf 
great  t«  cause  perpetual  oroxioiu  in  the  light  ullnvinm  through  which  it  flows,  tap 
CKtcut  of  wliich  will  vary  according  to  the  impact  of  the  current,  and  tho  more  "" 
less  compactness  of  the  soil  forming  tho  river  bauka.     Under  this  action,  whets  1_ 
drcuinstanoes  are  favorable,  benda  will  be  formerl,  and  not  nufrorinently  they  vll 
t4kke  the  sha^  of  loops,  with'naiTow  strips  of  land  separating  two  portiona  OT  ''^ 
river  thort  are  several  miles  apart  when  measnred  along  the  channel.    When  tb 
uarrow  stripa  are  washed  tbtough,  001-003  take  place,  which  shorten  the  conraa  at 
river,  change  its  slope,  increase  its  veloclt  y,  uudotherwiandisturb  its  regimen  for  row 
mUea  both  above  and  below.     Increased  erosion  takes  place,  navigation  is  impaired, 
interests  along  the  banks  are  jeopardized,  a  diflerent  ooursB  u  given  t^  the  rirer,  ntW 
bends  are  formed,  and  the  foundation  laid  for  a  repetition  of  thesamcseriusuf  «t«itli 
at  some  future  day.     This  action,  in  its  iotensi Bed  form,  Is  ilhistrated  in  the  reach  n: 
der  consideration  periiaps  as  forcibly  as  in  any  other  of  a  like  extent  that  could  1 
■elected  throoghont  the  whole  course  of  the  river. 

To  be  more  speciQc,  let  UH  look  a  little  into  what  lias  taken  place  hero  only  with 
tlie  last  few  ycara.  After  tho  Onialia  cut-off  took  place  in  ItfiT,  the  regimen  of  t) 
river  for  many  inilos  both  up  and  down  won  rer>'  much  ilisturbed. 

This  event  gave  it  a  tendency  to  come  close  to  tbe  foot  of  the  bluff  along  the  0 
front.    The  light  sand,  of  which  the  bottom  laud  here  is  composed,  offered  l)ut  L 
Miietaneo  U>  this  tendency ;  but  there  being  largo  interesto  dependent  npoa  it«  j 
ervation,  it  became  aeoesaary  to  protect  it  from  the  erosive  action  of  the  river. 
Union  Pacific  Kailway  Company  expended  largo  suras  in  protectiug  their  Mpair  d— ^^_ 
iinil  otlier  interests  that  are  located,  here,  and  Congress  made  liberal  appropriaUoil 
which  have  also  been  expended  in  tblalocallty  in  the  intorests  of  navigation,    H«dtl 
river  not  been  held  in  chock,  there  is  no  doubt  but  bv  tbix  time  the  whole  <if  tile  bO 
torn  land  in  Iraut  of  Omitlin  liciow  the  ciitr-off  would  have  been  washed  away,  t 

with  the  car-shops,  amelting-wiirkH,  aud  ull  other  catnbllshments  that  are  bui 

it,  to  say  nothing  of  the  injury  tliuC  tmvigittion  woidd  have  sustsined.  The  sMfety  I 
tbe  bridges  too,  would  have  been  seriously  comprauii^ed.  With  the  river  oloae  mm; 
the  foot  of  the  bluff  in  this  vioiniiy,  Stn  tendency  would  be  to  leave  it  at  the  wetiM^^^ 
abutment,  if  it  did  not  snccecd  ui  washing  it  away,  and,  impinging  ngainst  tb*  U 
posits  bank  below,  would  canse  erosion  to  take  phioe.  In  this  iuimedlate  vteiaity  U 
conformation  of  the  ground  is  sncb  tlint  this  action  would  soon  bring  abont  auc' 
and  quite  ext«nsive  cut-oil'.  Even  now,  with  the  work  of  improvement  in  mii»i«i 
operation  aliove  the  bridge,  theni  ia  a  decided  tendency  in  tliia  direction. 

By  consulting  the  ai'i^ompnnyiiia;  map  I  ho  aitnation  below  the  bridge  c|in  he  sevu  ■ 
a  glance.  In  the  bend  lit  Coiiiicil  Dluffa  Iowi<r  landing  exieuaivo  erosion  has  tak« 
place,  ntid  Ihp  rivor  Iml  lisa  l"'<'ii  widenwl  to  such  un  I'Xtrnt  that  it  ia  ilillictill  ir 
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^^raines  to  liDrl  »  iiavigal)le  chaiiiK^I.  The  ueck  of  the  nrniDsiila  opiiiwite  lliU  1>euit,  it 
will  be  obHcn'ed,  Is  very  narrow,  with  the  I'faaaiiel  line  close  up  to  the  b&nk  ii|ioii 
either  side.  Eronlous  nre  takiuE  place  here  at  a  rapid  rate,  which,  if  not  checked, 
will  Boon  result  In  a  cnt-off.  In  ^amt  Mary's  Bend,  the  next  below,  one  of  these  han 
leceotly  taken  place.  The  resulla  are  BJiythin|;  but  favorable  either  to  navigation  or 
to  the  Interests  centered  along  the  river  banks  and  upon  its  bottom  lands.  The  old 
town  of  Saint  Mary,  that  was  once  npon  the  mainland,  in  the  State  of  Nebraska,  is 
now  on  abandoned  site  upon  an  island  and  coustractively  in  the  State  of  Iowa.  Tlie 
river  Is  y<it  in  a  vi'ry  unsettled  condition.  Erosions  are  taking  place  upon  all  sides 
and  many  acres  of  the  finest  land  are  daily  belUK  washed  away.  Just  below  the  lower 
eiid  of  this  ciit-olF  the  current  impinges  violently  agaiust  the  Nebraska  abore,  with  n 
fail  prospect  of  cutting  a  way  for  itself  Into  the  bed  of  the  Platte.  Hhould  this  be 
effected  llie  situation  would  be  complicated  in  tho  extreme. 

At  the  town  of  PlattHinouth,  where  a  railroad  bridge  is  now  in  process  of  constmc- 
tiou,  the  available  water-way  has  been  contracted  by  means  of  dikes  to  within  a  width 
of  1,000  feet.  Any  disturbance  of  the  position  of  tbe  channel  in  this  vicinity  is  liable 
to  reanlt  iu  washing  these  dikes  away,  an  event  that  wnaiil  be  very  dianstrons  to  thi* 
bridge,  aa  its  eastern  piers,  I  am  informed,  do  not  extend  ilofrn  to  the  solid  rock  founda- 
tion. To  satisfy  all  the  conditions  that  demand  attention  iu  this  localitf  will  be  th« 
most  difltoult  port  of  onr  problem  to  solve. 

This,  then,  in  a  few  words.  Is  the  general  condition  of  the  river  to-dny  between 
Omaha  and  Plattsmonth :  a  swift-Ilowing  stream,  with  erotliu^  hanks  and  constantly 
changing  ehnnuels,  carrying  downward  in  its  coarw,  either  iu  snspeuaion  or  rolling 
along  its  bottom,  thousands  of  tons  of  sand  and  soil. 

Id  the  lakes,  swam])s,  and  lowlands  to  be  found  almost  everywhere  tliroughout  the 

"yilo  extent  of  the  valley,  we  have  nnmistakable  evidence  that  as  the  river  is  to-day 
[t  hu  been  for  ages  past,  its  peregrinations  limited  only  by  the  bluftb  that  boond 
TAjley  In  which  it  mns.  Unlegti  restricted  in  some  way,  it  is  only  a  matter  of 
t  when  the  mortgage  that  the  rivoi  is  said  to  have  upon  every  portiun  of  its  bat- 
land  will  be  Ibieclosed. 

Under  the  uow  dispensation  tliat  is  heroaiier  to  have  llie  govemine  inflaence  iijioii 
the  valley,  there  are  certain  modilications  necessary  to  be  made  in  ttie  old  condition 
of  affairs  to  suit  them  to  the  uew  interests  that  have  arisen. 

In  the  interests  of  ua^-igation,  channels  must  be  provided  having  the  reqnisite  depth 
of  water  for  snch  boats  as  are  foond  most  ecouomioal  for  the  tmnsportation  of  the 
fteight  that  is  to  he  moved  by  water.  In  the  interests  of  agriculture  and  of  those 
^at  railway  lines  that  run  along  the  river  banks,  and  ore  such  au  eaHential  featnre 
in  trauaporting  the  jiroducts  of  the  soil,  and  eommuuicating  betwoeu  the  different 
parts  of  the  oountrv,  the  erosions  must  be  stopped  and  the  width  of  tho  river  bed  re- 
stricted to  such  limits  OS  wiU  suffice  tiir  it«  needs  and  no  more. 

That  these  results  can  be  obtained  within  reasonable  limits  of  expense  we  liaV' 
every  reason  to  believe.  Judging  from  the  experieoee  already  gained  ill 
those  limited  portions  of  tho  river  fur  which  Cougress  has  alread  ^~ 

Since  the  principal  source  of  all  these  evils  that  we  are  seeking  to  remedy  lies  in 
the  fact  that  the  velocity  of  the  current  is  too  great  for  tho  tenacity  of  the  soil  coni- 
pusinij  the  banks  to  witlistaiid,  it  is  evident  that  all  our  efforis  should  be  directe4  ■■> 
uiminuhiug  this  velocity  and  protect! ug  the  yielding  banks. 

To  dimimsh  the  slope,  the  course  of  the  river  should  be  lengtlioued  wherever  prac- 
licable,  and  out  offs  should  be  prevented  by  every  possible  meaus  iu  our  power. 

The  most  destructive  erosious  take  place  during  the  falling  stages  of  tlie  water.  - 
Tlie  foot  of  the  bauk  is  first  attacked,  and  wlion  tlia  material,  usually  sand,  is  wuahrd 
away,  the  upper  portion,  being  unsupported,  tnmbles  into  the  water.  This  erodeil 
material  is  carried  down  either  in  suspension  or  rolled  along  the  bed  of  the  river.  As 
the  cnrrcnt  from  time  to  time  is  cliecKed  either  by  a  diminution  of  the  sloiie  or  by 
meeting  some  obstacle  iu  its  course,  the  material  in  Iranailu  is  deposited  and  for  a  time 
at  least  brought  to  rest. 

These  depositions,  iu  their  turn,  I'hange  llie  course  of  the  river,  and  cause  ils  enr- 
rent  to  impiuge  against  the  bank  in  some  new  locality  ftiriher  duwii.  Thus  the  uper* 
ations  go  on  day  after  day  and  year  after  year. 

To  effect  the  desired  improvement,  what  is  needed  is  a  .indioioua  rombinaliou  of  two 
kinds  of  works — one  to  cause  depositions  and  deQections  in  desired  localities,  and  tbe 
other  to  receive  the  impoet  of  the  current  where  it  impin^s  with  destructive  effect 
against  the  bank,  and  to  cheek  tbe  erosion  where  it  is  deurable  to  do  so.  By  these 
means  it  is  possible  in  time  to  lead  the  river,  as  it  were,  through  this  bottom  land, 
and  hold  it  iu  an^  reasonable  position  that  wo  may  select ;  but  in  attempting  this  we 
should  bear  in  mmd  that  there  are  certiun  ftindameutal  bydrautii'  principles  that  we 
must  not  transgress- 
On  the  accompanying  map,  which  is  a  reduced  con^from  the  advanced  sheets  of  the 
Missouri  Kiver  survi.y  now  bi'ing  made  under  your  direction,  by  your  assistant,  D.  W. 
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Wellinan,  I  have  endoavored  to  trace  out  a  coiirso  that  I  think  it  possible  to  cause  the 
river  to  take,  aud  practicable  to  retain  it  at  an  expense  commensurate  with  the  im- 
portance of  the  interests  involved,  and  which  will  be  a  satisfactory  solatlon  of  the 
problem  under  consideration. 

In  lay  ins  down  these  lines  I  have  assumed  that  a  width  of  from  1,500  to  2,000  feet  will 
be  about  the  proper  limits  within  which  to  keep  the  waters  of  the  river  in  order  to 
insure  a  navigable  depth  during  the  low  stages  and  a  sufficient  water-way  during  the 
high.  The  directions  are  those  that  I  think  can  be  attained  and  retained  within  the 
most  reasonable  limit€  of  expense. 

For  causing  deposits  to  take  place,  and  for  deflecting  the  current  iii  these  localities 
that  are  to  be  built  out,  1  would  recommend  the  use  of  floating  brush  obstructions 
such  as  have  been  applied  with  such  marked  succesH  at  the  various  places  along  the 
river  where  works  of  improvement  are  in  progress  under  your  direction.  The  moat 
successful  of  these  may  be  briefly  described. 

The  floating  brush  dike  is  made  by  taking  saplings  from  20  to  30  tbet  long  and  from 
4  to  6  or  8  inches  in  diameter,  and  nailing  or  fastening  to  them  with  wire  scraggy 
"brush  of  any  kind  that  may  be  obtainable  in  the  locality.  This  forms  what  ib  known 
as  the  ''weed.''  Instead  of  the  saplings  rope  may  be  used  to  which  to  fasten  the 
brush.  To  one  end  of  this  ''  weed"  is  attached  an  anchor  of  sufficient  weight  to  hold 
it  in  position  against  the  current;  to  the  other  a  buoy  that  holds  up  the  oownstream 
end  and  prevents  it  from  going  to  the  bottom  under  the  pressure  of  the  current 
against  it. 

These  "weeds'*  are  placed  in  the  river  in  the  desired  locality  at  a  distance  of  from 
10  to  20  feet  apart,  thus  forming  the  floating  dike. 

Their  action  is  to  check  the  current  gradually  without  producing  tliat  scouring 
-^flect  to  which  the  solid  dike  gives  rise.  This  done,  a  portion  of  the  material  that  is 
rolling  along  the  bottom  or  being  carried  down  in  susx)ension  is  deposited  and  causes 
a  rise  in  the  bed  of  the  river  w^ich  changes  its  channel  into  the  direction  desired. 
The  rapidity  with  which  these  deposits  take  place  is  truly  wonderful.  One  season  is 
often  sufficient  to  raise  the  river-bed  up  to  the  limits  of  ordinary  high-water. 

Another  form  of  obstruction  that  has  been  tried  with  success  is  the  willow  cnrtain. 
This,  as  its  name  indicates,  is  made  of  willows  about  an  inch  in  diameter  or  larger, 
fastened  parallel  with  each  other  and  from  6  to  8  inghes  apart,  by  means  of  wire.  The 
curtain  can  be  made  of  any  desired  length  and  width.  They  are  anchored  in  position 
by  weights  attached  at  intervals  along  the  lower  edge  and  hold  in  an  upright  or  in* 
oiined  position  in  the  water  by  floats  made  fast  to  the  upper.  Their  action  is  similar 
to  that  of  the  weeds. 

Another  form  that  has  been  experimented  with  and  which  bids  fair  to  give  good 
results,  i.s  a  screen  made  totally  of  wire  something  after  the  fashion  of  a  seme.  It  is 
anchored  and  buoyed  like  the  willow  cnrtain.  The  rootlets  and  small  vegetable  tibew 
that  are  floating  in  large  quantities  in  the  water  accumulate  upon  the  wires,  aud  form 
obstructions  sufficient  to  check  the  velocity  of  the  current. 

Still  other  forms  have  been  tried  with  more  or  less  success. 

For  resisting  the  impact  of  the  current  and  preventing  the  erosion  of  the  banks,  a 
Y.iriety  of  devices  have  been  tried  with  more  or  less  success.  Among  the  most  sat- 
isfactory of  these  may  be  mentioned  the  woven  brush  revetment,  the  continuous  mat, 
or  brnsli-blauket,  made  of  brush,  sewed  together  with  wire,  and  the  willow  screen, 
made  as  above  described,  for  the  willow  curtain,  excepting  that  the  willows,  insteacl 
of  being  placed  some  inches  a])art,  are  as  nearly  as  possible  in  Juxtaposition.  The 
manner  of  using  either  of  these  devices  is  the  same.  The  bank  to  be  protected  should 
flrst  be  gnuled  to  a  slope  of  about  2  upon  3  or  less,  an  operation  that  can  be  very 
cheaply  performed  by  tiie  use  of  hydraulic  force-pumps,  after  which  the  revettiiig 
should  be  put  on  so  as  to  extend  from  the  ordinary  high-water  limit  down  the  bank 
and  out  along  the  river-bed  sufficiently  far  to  protect  the  slope  should  any  nnnsoal 
Mcour  take  place.  The  total  width  is  usually  in  the  neighborhood  of  100  feet.  To  sink 
that  portion  which  is  under  the  water,  a  small  (luantity  of  rock  is  sometimes  necessary, 
but  usually  the  current  itself  and  the  seduncnt  that  collects  on  the  brush  will  suffice 
for  this. 

The  efteet  of  this  revetment  is  to  thoroughly  protect  the  bank  over  which  it  is  placed, 
and  to  cause  a  deposit  of  sediment  over  itself  that  crowds  the  current  away  from  the 
bank  towanls  the  middle  of  the  stream. 

In  proportion  to  the  results  obtained,  these  are  certainly  the  cheapest  devices  for 
improving  rivers  of  a  sediment-bearing  character  that  have  as  yet  been  tried. 

For  the  revetment  of  the  banks  I  estimate  that  $2.25  per  foot  of  shore  line,  or  about 
$12,000  per  mile,  Avill  be  sufficient,  and  for  the  dikes  $1  per  running  foot. 

As  nearly  as  can  be  estimated  at  present,  there  will  be  between  the  Union  Pacific  Rail- 
road bridge  at  Omaha  and  the  bridge  at  Plattsmouth,  approximately,  180.000  feet  of  shore 
lino  to  bo  revetted,  and  20,000  feet  of  floating  brush-dike  or  curtains  to  be  made.  Thew) 
numbers  cannot  bi*  given  with  accuracy,  because  of  the  changes  that  are  constantlj 
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taking  place ;  but  assuming  them  as  a  near  approximation,  the  estimate  for  pnttting 
this  reach  of  29  miles  in  a  good  navigable  condition,  and  at  the  same  time  semiring 
ail  other  interests  located  here  from  the  encroachment  of  the  river,  will  be  about  as 
follows : 

For  revetting  180,000  feet  of  shore  line,  at  |2.25  per  foot $405, 000 

For  coQstnicting  20,000  feet  of  brush  dike,  at  $1  per  foot 20,  OOO 

Add  for  sux)eriutendence,  surveys,  contingencies,  &c 75, 000 

Total 500,000- 

Of  this  amount,  $200,000  could  advantageously  be  expended  during  the  coming  fiscal 
year. 

It  is  scarcely  necessary  to  a<ld  that  the  circumstances  of  this  case  are  such  as  to 
require  that  the  necessary  funds  for  carrying  on  the  work  should  be  appropriated  in 
considerable  sums  if  econimical  results  are  to  be  arrived  at.  It  can  easily  be  seeii: 
how  the  work  of  a  season  can  be  rendered  nugatory  by  some  sudden  change  of  the 
river  if  funds  ai*e  not  constantly  available  for  every  emergency. 
Respectfully  submitted. 

Tiios.  If.  Handbury, 

Captain  J  Corps  of  Engineer f^^ 
Maj.  Chas.  R.  Sutkr, 

Corpn  of  Engineers,  U.  *S,  A, 


Q  15. 

IMPROVEMENT  OF  MISSOURI  RIVER  AT  SIOUX  CITY,  IOWA. 

The  work  described  as  in  progress  in  iny  last  report  was  continued 
during  the  season  as  £a.r  as  the  available  funds  would  allow.  The  main 
work  was  done  on  the  Nebraska  shore,  where  the  danger  was  greatest* 
The  revetment  already  begun  here  was  extended  down  stream  2,000  feet, 
witii  an  average  width  of  69  feet,  and  a  weed  dike  was  commenced.  Af- 
ter extending  it  out  300  feet  into  the  stream  it  was  deemed  advisable  to* 
abandon  it  for  the  time,  in  order  to  leave  more  money  for  the  revetment. 
The  work  has  on  the  whole  stood  very  well,  but  there  is  very  much  more 
work  required,  and  the  ultimate  cost  will  certainly  be  greatly  increased 
unless  larger  appropriations  are  made. 

It  is  proposed  to  expend  the  present  appropriation  in  extending  the 
work  in  accordance  with  the  general  plan,  with  a  view  of  contracting 
and  regulating  the  water  way  so  as  to  remove  obstructions  to  naviga- 
tion and  give  a  good  landing  at  all  seasons  at  Sioux  City. 

The  appended  report  of  Assistant  8.  II.  Yonge,  who  had  charge  of 
the  work,  will  give  full  information  concerning  the  methods  of  constnic- 
tion  used. 

The  work  is  situated  in  the  collectioti  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Ncbr.     The  nearest  fort  is  at  Leavenworth,  Kaus. 

Amount  of  revenue  eoHected  at  Omaha,  Nebr.,  during  fiscal  year  ending  Juno  30, 
1880,  was  13,005.21. 

Money  statement. 

July  1,  1879,  amount  available jj(),912  99 

Amount  appropriated  by  act  approved  June  14, 1880 8, 000  00 

f  14, 912  99^ 

July  1,  1880,  amount  expended  during  fiscal  year .; 6, 511  65^ 

Jnly  1,  1880,  amount  available 8,401  34 

Aiuonnt  (estiiuat«<l)  required  for  com])letion  of  existing  project 15, 800  00 

Amount  that  can  be  i>rotitably  expended  in  iiscal  year  ending  June  'U),  1882.     15, 800  OO 
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REPORT  OK   MR.    SAMUEL   II.    YONGE,   ASSISTANT  li^XGlNEER. 

Saint  Louis,  Mo.,  Fcftmarjf  21,  ISriO. 

Major:  I  liavc  Hut  honor  to  submit  the  following  report  of  operations  conducted 
during  the  ]>r(>Hent  liscal  year  on  the  work  of  improvement  of  the  Missouri  Rirer  at 
Sioux  City,  Iowa. 

During  the  month  of  July,  1879,  the  river  continnecl  to  encroach  on  the  Nebraska 
shore,  from  the  point  above  CJovington,  for  a  distance  down  stream  of  about  3,800  feet. 
The  greatest  erosion  amounted  to  '200  feet,  and  was  sittiated  about  2,300  feet  below  the 
point.  At  the  point  and  for  a  distance  l>elow  of  about  300  feet,  where  the  continuous 
mat  revetment  had  been  constructed  the  month  of  May  previous,  the  bank  "was  suc- 
cessfully held,  although  the  work  had  been  built  during  a  high-water  stage,  and  in 
consequence  the  sloped  face  of  the  bank  was  too  short  to  afford  a  x>erfectly  secure  an- 
chorage for  the  shore  edge  of  the  mat. 

After  the  water  had  receded  an  iu8])ection  of  the  portion  of  the  mat  on  the  bank 
showed  that  it  was  well  filled  with  silt.  This  deposit  lay  principallv  in  the  lower 
meshes  of  the  mat,  and  was  from  one-third  to  one-half  of  the  mavs  tnickneBS.  The 
upper  layers  of  meshes  were  generally  clean  of  silt,  though  in  places  the  mat  was 
entirely  filled.  Sounding  with  a  rod  proved  that  a  similar  state  of  affairs  existed  be- 
low low-water,  where  the  top  of  the  de])osit  was  situated,  as  near  as  could  bo  meas- 
ured, 6  inches  below  the  upper  surface  of  the  mat.  No  scour  appeared  to  have  occurred 
underneath  the  mat,  its  pliability  probably  coimteracting  this  action  by  immediately 
filling  any  voids. 

Fi-om  thes()  data  it  might  bo  inferred  that  under  similar  circumstances  the  minimum 
thickness  of  revetment  built  on  this  system  for  low-wat<*r  protection  is  6  inches,  and 
for  bank  protection  3^  iiiches,  as  at  these  depths  beneath  the  top  surface  of  the  mat 
the  How  of  water  was  su^ciently  retarded  to  cause  the  silt  with  which  it  was  charged 
to  be  precipitated. 

The  bottom  velocities  in  the  vicinity  of  the  work,  as  near  as  could  be  obtained,  were 
from  5  to  8  feet  per  second.  It  is  possible  that  this  form  of  matting,  3  inches  in  thick- 
ness, would  serve  as  a  protection  against  currents  of  high  velocity,  but  the  margin  of 
safety,  if  any,  would  bo  verj-  small,  and  it  could  not  be  expected  tliat  the  thinner  mat 
would  accumulate  silt  in  its  lower  meshes  and  become  so  nrmly  imbedded  as  a  mat  of 
greater  thickness. 

An  important  precaution  to  be  taken  in  c(mstructing  on  this  system  is  that  of  gor- 
ing the  mat  sufficient  strength  by  a  proper  thickncos  to  prevent  its  pulling  apart,  and 
to  withstand  the  strains  produceil  by  strong  currents  while  Ijing  in  the  water  before 
sinking,  the  process  of  weighting  it  with  rock  and  the  action  of  whirls.  Present  cir- 
cumstances indicate  that  a  thickness  of  12  inches  is  sullicient  for  a  mat  extending  SO 
feet  from  shore;  this  thickness  is  equivalent  to  six-tenths  of  a  foot,  solid  measure. 

For  a  distance  of  (>  f(>et  above  low-water  line  the  mat  should  be  at  leaat  12  inches 
thick,  so  as  to  break  the  force  of  the  waves  raiseil  by  high  winds  and  passing  steam- 
l)oats,  which  would  cause  the  toe  of  the  bank  to  slougli  out  and  eventually  destroy 
iti)  outline. 

On  account  of  the  erosion  along  the  Nebraska  shore,  before  alluded  to,  a  correspond- 
ing shoaling  appeared  innninent  along  the  Iowa  shore  in  front  of  Sioux  City;  owing 
to  the  continued  stage  of  high-water,  however,  moiusures  could  not  be  taken  to  prevent 
this  action  until  July  22,  when  a  floating  weed  dike  was  begim  at  Nebraska  Point. 
Though  the  eflicacy  of  the  dike  was  under  tho  circumstances  to  a  oert-ain  extent  a  mat- 
ter of  coiyecture,  the  cjise  was  one  that  warranted  the  employment  of  even  doubtful 
measures.  For  a  distance  of  2,000  feet  above  where  the  dike  was  located,  the  channel 
followed  the  shore  of  tli<»  Willow  Island,  which  consists  of  a  tough  blue  clay,  and 
impinged  with  great  force  on  the  revetment  at  the  point,  which  gave  it  a  tendency  to 
cross  tlie  Iowa  shore. 

Tho  greatest  depth  of  water  im  tho  section  of  the  projected  dike  was  16^  feet,  at 
about  50  feet  from  shore;  this  depth  gradually  decreased  to  14  feet,  at  about  500  feet 
out. 

The  surface  velocity  varied  from  8  to  10  feet  per  second  during  the  construction  of 
the  dike.  The  weeds  w(»re  made  by  attaching  bunches  of  dogwood  brush  at  intervals 
of  from  2  to  0  feet,  on  a  three-1'oiirths-ineh  line,  from  45  to  60  feet  in  length;  tho  buoys 
consisted  of  coal-oil  barrels. 

Seme  trials  were  made  with  cot  ton  wood  boxes  filled  with  broken  rock  as  anchon. 
The  boxes  were  at  tirst  nuido  to  contain  1,400  pounds  of  loose  rock;  this  weight  prov- 
ing inadf'qnate  for  the  ])urpose,  tho  size  of  the  box  was  increased  so  as  to  have  a 
capacity  of  3,500  pounds;  this  size  was  also  found  insufficient  to  hold  the  weeds  to  an 
anchorage,  and  the  arrangement  wa^  abandened.  Anchors  were  also  made  by  bend- 
ing fintwise  a  piece  of  bar  iron  4  by  -f^  inches  into  a  circular  slwpe,  4  feet  in  diameter,  a 
few  sacks  filled  with  broken  rock  were  attached  around  the  band  to  cause  it  to  bury  in 
the  sandy  bottom  more  rapidly.  The  results  with  this  fonga  of  anchor  were  not  satis- 
factory.   This  was  probably  due  to  the  insufficient  width  of  the  iron  uv^\  and  no  wider 
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iron  was  Mt  lliu  time  olitttiimljk'.     Sucks  dlU-d  witb  rtwU  were  fiiiallj*  iiBi>d  bUogetbor; 
the  uuiuber  Hud  Hizes  tittauhed  tu  u  Hingte  wi!fi1  variuil  tmm  20  :i-1itialiBl  tu  24  4-lnishel 

The  wocda  ^eit!  plnced  iu  potution  from  s  flatbnat  14  by  40  Ivvt,  swung  frnm  an 
anchor  placed  about  SOO  &et  np  stream;  thejr  were  spaced  not  leva  thitn  It)  feet  Uport. 

A  n«al  many  weeds  without  bnoyB  were  distribated  over  the  bed  of  the  river  iu 
the  hue  of  the  dike  aud  above  it,  to  prevent  Boonr  and  hasten  a  deposit- 
After  the  dike  hud  been  onried  oat 'a  distance  of  300  feet  from  shore,  it  was  found 
that  owing  to  the  dilficnltios  of  construction  its  cost  was  flatly  exceeding  the  esti- 
mate; and  tiirther  work  on  it  wosdiwontiniied,  with  your  approval,  on  Angtist  15.  Its 
coat  was  S3  per  linear  foot. 

Thti  etlect  of  the  dike  whs  notici^able  in  distribntingtliecnrrents  and  thereby  leMeu- 
iuR  Iliuir  force  alnng  the  Nebraska  slioro  for  a  dietancu  of  IXK)  feet  below. 

About  thu  middle  of  September  an  accretion  fconx  (>  t«  10  feet  thick,  extending  4ri 
feet  from  Hbore  and  200  feet  in  length,  rupidl;  formed  above  aud  below  the  dike. 

Afl  there  was  evei'y  probability  of  a  further  encroachment  occurring  on  the  bank 
above  Covinjtton,  iu  »ubeei|uent  floudg,  tho  plan  laid  down  for  tlie  eeanon's  work  woe 
changed,  ana  the  part  of  the  project  which  embraced  the  revetment  of  the  Kcliraska 
ahore  was  nndertiikeu  on  account  of  being  the  most  urgent. 

This  work  was  begun  on  the  SCth  of  August,  and  won  oomulet«d  September  23,  It 
vousisted  in  building  a  continuous  woven  mattress  .i, 000  feet  in  length  with  an  average 
width  of  6if  feet.  The  thiclincse  of  the  mat  below  the  water  line  was  12  inches;  on  the 
bank,  6  inches. 

In  weaving  and  launching  the  mat,  the  hsjuc  boat  and  frame  were  used  that  had 
been  built  for  this  purpose  the  previous  summer,  a,  drawing  of  which  accompanies 
this  report.  The  up-stream  end  of  the  mat  overlapped  the  revetment  at  the  I'oint  50 
feet. 

The  bank  to  1>e  protected  consisted  of  layers  of  very  Sue  sand,  aud  caved  rapidly 
when  exposed  to  currents  of  ordinary  velocity. 

The  elevation  of  the  ton  of  the  bunk  was  20  feet  above  low  water,  with  an  almost 
vertical  fooe.  The  bod  of  the  river  sloped  from  the  foot  of  the  bunk  witb  an  inclina- 
tion of  3  horiitontal  to  1  vertical  for  a  dlBtaoee  of  40  or  SO  feet  ^m  shore,  where  the 
water  attained  its  greatest  depth. 

Between  the  elevatinoB  of  nrdiuai7highaidlow  water,  the  bank  si  opeil  loan  angle 
of  tffl°.  The  mat  extended  &am  the  top  of  thoalupo  to  a  distauce  of  40  feet  out  from 
the  wafer  line.  In  bulldinK  the  mat  the  workmen  were  placed  6  or  9  feet  apart  in  a 
line  at  right  augles  to  the  direction  of  the  bank,  and  were  kept  supplied  with  brush 
by  laborers  hired  at  a  lower  rate  of  pay.  The  bundles  of  brnsti  were  laid  on  wooden 
hDrsOH  pla^ied  on  the  mat ;  this  was  fomul  to  be-advantsgeous,  as  the  brush  was  han- 
dled with  greater  rapidity  if  kept  dry.  The  brush  used  was  of  uniformly  good  qual- 
ity ;  it  conststeil  of  green  willows  fnim  10  to  20  feet  in  leii)ith,  sorted  and  tied  up  in 
bundles  about  10  inches  in  diameter;  it  was  delivered  on  the  river  bunk  at  Ibc  work 
fortl.liO  per  cnrit. 

During  the  progress  of  the  work  large  tree  stumps  were  iVeqnently  fiiitiid  lipuenth 
(he  wator  Htirface  iioiir  the  bank.  Some  of  tbesc  stumps  could  nut  beroniovei!  wjtboui 
delay  to  the  work  and  considerable  expense,  and  it  was  not  deemed  desira bit  lo  built] 
over  Itiom  in  coMis  where  they  wore  standing  upright.  To  overcome  this  dilhcnlty 
an  opening  of  proiier  size  was  left  in  the  mat  in  each  case,  so  that  ivheu  it  was 
sunk  the  stumps  would  not  fonn  an  obstruction  to  its  lying  evenly  on  the  bottom. 
The  ed^es  of  these  openings  were  selvaged  to  prevent  ruveting.  The  outer  edge  of 
the  entire  mat  was  also  secured  by  turning  in  the  brush  and  making  a  heavy  selvage. 
Tlie  greatest  care  is  uecessary  with  this  part  of  the  mat;  if  iinperfectlydono  the  work 
is  lianle  to  ravel  and  |iull  apart.  At  the  lower  end  of  the  work,  fur  a  length  of  TO 
feet,  where  there  was  some  danger  to  be  apprehended  fironi  thoelfcnt  of  eddies,  during 
higu-water  stages,  the  whole  height  of  the  bank  woe  B]o))ed  and  the  matting  carried 
book  over  the  Uip.  After  the  revetment  was  eompleted,  tho  upjier  part  of  the  bank 
which  "bad  not  lieen  sloped  was  thrown  down  on  the  matting  above  the  water  line, 
ttith  tJie  principal  object  in  view  of  causing  the  willowH  to  grow,  although  the  brush 
WM  not  cut  at  the  must  favorable  season  for  this  purpose. 

The  sinking  of  the  mat  was  aocompllitbed  by  distributing  rock  {torn  a  datboat, 
which  was  gradually  dropped  down  stream,  broailside  over  tbe  mat  as  it  sunk.  One 
enbic  yard  of  broken  rock  was  used  to  sink  1,150  wiuare  feet  of  mat.  The  rock  used 
for  sinKing  was  a  limestone  of  light  density  ;  It  was  towed  in  llatboats  from  3ioux 
City,  where  it  was  delivered  on  the  river  bank  at  13  per  cubic  yard. 

AbotitSOOlinearfeetof  mat,  equivalent  to  threedays' work,  was  usually  sunk  at  on« 
time.  The  distance  between  the  boat  and  the  sunken  portion  of  tbe  mat  was  never 
allowed  to  be  le«s  than  60  feet. 

An  average  day's  work  for  a  gang  of  six  expert  workmen  and  nine  onlinary  labor- 
ers'was  6,tSW  square  feet  of  mat,  in  the  construction  oi  which  32  cords  of  brush  were 
I  iwed. 
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As  rega^ls  the  iiorinaiieiicy  of  revetments  constnicted  on  this  syBtem,  I  am  of  the 
upinion  that  if  the  work  in  the  first  instance  is  done  in  a  thoronch  manner,  and  repairs 
are  made  when  iice<led,  their  ustifulness  can  he  ])eri>etuat-ed  inaefinitely,  as  the  mate- 
rial used  will  not  deteriomte  hclow  extreme  low-water  stage,  and  the  npper-Uauk  pro- 
tection can  at  any  time  he  renewed  and  connected  with  the  submerged  portion. 

The  followin<^  is  a  detailed  statement  of  the  cost  of  the  revetment  per  liuc^ar  foot, 
hiiilt  on  the  Nebraska  shore  ahove  Covington : 

STATKMKXT. 

Cents. 

Brush,  3(5.75  cnbic  fe«'t,  \)oi'  lin«'ar  ftjot,  at  $1,00  per  cord 45.94 

Broken  rock,  l.G  cubic  feet,  per  linear  foot,  at  ^  per  cubic  yard 11.85 

Cost  of  material  per  linear  foot 57,79 

Grubbing  and  cleaning 0106 

Sloping  bank 1000 

Covering  bank  mat  with  earth 0470 

Weaving  mat 2561 

Sinking  mat '. 0050 

Handling  and  transporting  stone 0371 

Measuring  and  ins])ecting  material 0168 

Repairs  to  boats  and  incidentals 0960 

Superintendence 0750 

Cost  of  labor  per  linear  foot 58.36 

Total  cost  per  linear  foot ^ '^l  16.15 

I  am,  major,  very  respectfully,  your  obedient  servant, 

Samuel  H.  Vonge, 

Jsttistant  Engineer. 
Maj.  Charles  R.  Siter, 

Corps  of  KnghicerMj  ('.  S.  J. 


ADDENDA. 

Saint  Locis,  Mo.,  July  23,  ISdO. 

Major:  An  inspection  of  the  mat  work  consM'ucted  at  Sioux  City  last  fall  slioweit 
that,  though  it  lind  settled  in  places,  it  had  nowhere  pulled  apart  throughout  its  length 
«f  2.000  feet. 

About  1,000  linear  ft'ot  of  bank,  of  the  2,300  feet  protested,  washed  out  dnring  the 
high  wat«r  of  June;  this  caving  does  not  extend  back  at  any  iM>int  a  greater  distance 
than  20  feet. 

I  am  informed  that-  a  great  deal  of  the  bank  washing  under  the  revetment  was 
broujrht  about  by  the  action  of  the  waves  of  the  storm  during  the  early  part  of  June. 
I  am  le<l  to  belii've  that  this  caving  consisted  of  a  slougliing  out  of  the  fine  sand  com- 
posing the  bank  through  and  under  the  mat,  alter  heing  saturated. 

The  channel  continues  to  follow  closely  the  Nebraska  shore  above  Covington,  and 
considerable  caving  has  occurred  below  the  lower  end  of  the  work  during  the  April 
and  June  Hoods.  This  caving  still  continues,  and  is  greatly  increased  by  the  high 
winds  coniTuon  to  this  l(K•alit3^ 

Very  n'spectfully,  your  obedient  servant, 

Sam'l  H.  Yoxoe, 
jMisiant  Knginrer* 
Maj.  ('HAS.  R.  Sr  TKR, 

t'orps  of  Engtncfrx^  V.  f^.  A. 


Q  i6. 

IMPKOVKMENT  OF  TlIK  MLsSOrUI  RIVER  AT  VERMILLION,  DAKOTA. 

As  Ktated  in  my  last  report,  the  works  projected  at  this  place  are 
designed  to  secnre  tlie  bank  of  the  river  in  the  vicinity  of  Vennilliqny 
and  bv  certain  reel ifications  in  the  cliannel,  to  secure  a  stable  regimen. 


APPENDIX    Q.  1457 

Nearly  all  the  small  appropriation  was  expended  at  the  date  of  my 
last  report,  and  only  some  trilling  repairs  have  been  executed  since  then. 

The  destruction  of  the  floating  dikes  by  some  unknown  parties  allowed 
the  river  to  return  to  the  channel  in  front  of  the  town,  and  the  revet- 
ment was  violently  attacked  during  the  spring  rise.  Some  damage  was 
done,  but  it  was  quickly  repaired,  and  the  work  has  since  stood  well. 

For  details,  I  b<^g  to  refer  to  the  accompanying  report  of  Assistant 
S.  H.  Yonge,  wlio  had  charge  of  the  work. 

The  present  api)ropriation  will  be  ex[)ended  in  the  prosecution  of  the 
plan  adopted,  more  especially  in  endeavoring  to  avert  the  cut-ott*  threat- 
ened above  the  town,  and  in  renewing  the  attempt  to  divert  the  channel 
of  the  river  to  the  east  side  of  Vermillion  Island. 

I  must  again  call  attention  to  the  fact  that  the  ai)propriation  is  en- 
tirely incommensurate  with  the  auu)uut  of  work  requireci  and  already 
estimated  for. 

Unless  these  appropriations  are  increased  in  amount,  the  ultimate 
cost  will  greatly  exceed  the  amount  of  the  lirst  estimate,  which  is  nec- 
essarily based  on  the  supposition  of  continuous  work  being  possible. 

The  work  is  8itnat«>d  in  the  collection  district  of  New  Orleans,  and  the  nearest  port 
of  delivery  is  Omaha,  Ncbr. 

The  nearest  fort  is  at  Leavenworth,  Kans. 

Amonnt  of  revenue  collected  in  Omaha,  Nebr.,  during  fiscal  vear  ending  Juue  30, 
1880,  was  $3,^)05.21. 

Money  statement 

July  1,  1879,  amount  available $1,25G  35 

Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

811,256  35 

July  1,  1880,  amount  expended  during  fiscal  year 1, 254  20 

July  1,  1880,  amount  available 10,002  15 

Amount  (estimated)  required  for  completion  of  existing  project 60, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882..     60,000  00 


REPORT  OF  MR.    SAMUEL  II.   YONGE,   ASSISTANT  ENGINEER. 

Saint  Louis,  Mo.,  July  7,  1880. 

Major:  I  herewith  submit  my  re])ort  of  operations  conducted  at  Vermillion,  Dak., 
duriug  the  fiscal  year  endiug  June  30,  1880. 

After  the  destruction  of  t  ne  dike,  situated  2  miles  above  Vermillion,  the  accretions 
which  had  accunnilated  around  it  ra]udly  disappeared.  This  allowed  the  river  to  re- 
turn to  the  Westeni  Chute  and  a  further  silting  up  of  the  Eastern  Chute  to  occur. 
During  the  high-water  in  July  I  estimated  that  at  least  nine-tenths  of  the  discharge  of 
the  river  passed  through  the  former  chute.  At  the  town  the  current  impinged  against 
the  revetment  at  an  angle  of  about  45°,  and  <m  the  night  of  July  5,  1879,  a  section  of 
matting  70  feet  long,  situated  400  feet  below  the  head  of  the  work,  failed  by  tearing 
apart  at  tl^e  foot  of  the  slope  and  by  ])ulling  out  from  the  bank.  This  breach  left  the 
aqjacent  portions  of  the  work  exx)08ed  to  the  action  of  the  currents,  which  began  to 
undermine  the  bank. 

The  necessary  n'pairs  were  immediately  begun,  and  about  150  feet  of  the  mat  under 
which  the  bank  had  been  undermined  was  tied  up  with  ropes  to  trees  and  posts.  A 
new  layer  of  matting  was  begun  20  feet  back  on  the  bank  and  carried  over  and  woven 
into  the  old  mat. 

During  the  remainder  of  the  high-water  the  mat  served  as  a  very  efficient  protection. 
The  accompanying  cross-section  sketch  shows  the  shape  of  the  bank  where  the  break 
in  the  revetment  occurred. 

At  the  time  the  mat  was  constructed  the  top  of  the  bank  was  from  3  to  8  feet  above 
the  surface  of  the  water,  and  in  consequence  the  slope  did  not  have  sufficient  surface 
to  give  a  very  strong  anchorage  to  the  weaving ;  that  part  of  the  mat  above  water, 
Ibherefore,  was  heavily  weighted  with  stone.  As  this  mat  was  constructed  without 
the  use  of  a  boat,  it  was  necessary  to  weave  so  that  the  outer  edge  would  remain  above 

92  E 
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water,  as  it  was  carried  out  from  the  shore,  to  give  the  workmen  a  place  to  stand ;  for 
this  roasun  llie  outor  ed^e  of  th(^  iiuit,  when  fmiahed  aud  sunk,  raised  above  the  bottom, 
as  is  Hhowu  in  tho  sketch. 

Owiiifi:  to  the  Hteei)  uugl^  which  the  mat  a.sRumed  when  sunk,  a  large  quantity  of  the 
stoup  ballast  wliich  had  been  distributed  over  the  mat  rolled  and  accmunlated  in  the 
pocket  made  by  I  lie  rising  of  t  lie  outer  edge. 

It  is  probable  that  in  swift  currents  this  outer  edge  would  have  the  see-saw  motion 

Seculiar  to  sawyei's  in  the  river,  which,  if  continued  for  a  few  days,  would  have  a  ten- 
ency  to  cause  the  mat  to  ravel  aud  pull  apart. 

By  the  method  adopted  subsequently  at  Sioux  City,  where  a  boat  with  inclined 
lauuchways  was  used,  all  parts  of  the  mat  as  launched  were  equally  snbmerg^,  and 
the  work  was  carried  down  stream  instead  of  across  the  current.  This  was  found  to 
give  a  far  stronger  construction  than  the  old  method,  owing  to  the  fact  that  the  bmah 
could  be  stuck  into  the  mat  at  a  lower  angle,  so  that  each  piece  of  brush  waa  woven 
in  with  a  great  number  of  other  pieces.  After  the  completion  of  the  repairs,  before 
referred  to  in  this  report,  all  operations  at  Vermillion  were  suspended. 

During  the  low  stage  of  water  last  spring  the  citizens  of  Yermillion  made  some  verj 
substantial  repairs  to  the  revetment,  and  I  am  of  the  opinion  that  the  town  is  com- 
paratively safe  for  several  high-water  seasons. 

Heavy  cutting  has  taken  place  on  the  down-stream  side  of  the  neck  of  land  southeast 
of  Vermillion,  and  a  slight  cutting  on  the  upper  side  of  the  same  neck  during  the  last 
June  flood.  The  danger  of  a  cut-off  through  this  neck  is  somewhat  increased  on  ac- 
count of  the  river  bank  on  the  upper  side  of  the  neck  being  only  slightly  elevated 
above  ordinary  high-water  stage,  and  the  surface  of  the  ground  across  the  neck  inclin- 
ing toward  the  down-stream  bank.  This  danger  would  be  lessened  by  the  construc- 
tion of  a  low  levee,  about  1  mile  in  length,  along  the  river  bank  in  North  Bend. 
I  have  the  honor  to  be,  very  re«i)ectfully,  your  obedient  servant. 

Samuel  H.  Yonox, 

A89istant  Engineer. 
Maj.  Charles  R.  Suter, 

Corps  of  EngineerSf  U.  S.  A. 


IMPROVEMENTS  ON  THE  MISSOURI  RIVEB. 

In  my  last  report  I  made  a  brief  statement  of  the  principles  apon 
which  these  improvements  are  based,  and  of  the  general  conclusions  to 
which  I  had  then  anived.  The  practical  experience  of  another  year  has 
fully  conlirmed  these  conclusions,  while  much  valuable  information  has 
been  collected. 

Exi)eriment8  have  been  carried  out  on  the  various  plans  and  devices 
su^f^evstod,  and  liave  resulted  in  a  notable  saving  in  cost  and  increase  of 
eflicicncy.  It  has  been  definitely  settled  that  continuity  in  mattress  work 
is  essential,  and  that  when  this  condition  is  fulfilled  a  very  simple  and 
to  all  appearances  very  slight  protection  is  arai)ly  sufficient.  Various 
forms  of  continuous  mattresses  were  tried,  most  of  them  some  variation 
of  the  woven  type.  They  are  all  described  in  the  reports  of  the  assist- 
ants who  used  them. 

Towards  the  close  of  the  season  experiments  were  being  made  on  still 
simpler  types,  one  of  which  is  described  in  the  report  on  Glasgow,  and 
the  work  of  this  season  will  probably  throw  further  light  on  this  subject 

The  greatest  interest,  however,  attaches  to  the  silt-catching  devices, 
as  by  their  use  it  is  hoped  to  accomj)lish  the  training  and  contracting  oi 
the  river,  thereby  deepening  the  channel  and  insuring  a  stable  regimen. 

These  works  are  of  limited  ai)plication,  except  during  high-water 
stnj^os,  so  that  our  oj)[)ortuuities  for  work  wei'e  limited. 

The^VHrownlow  weeds,"  described  in  previous  i^eports,  were  thor- 
oiij»hly  tried,  aud  althou^^h  they  are  very  elhcient  under  favorable  cir- 
cumstances, yet  there  are  palpable  disadvantages  attending  their  use, 
and  they  have  been  entirely  discarded  for  more  efficient  constnictious, 
which,  under  the  head  of  curtains,  will  be  found  described  at  length  in 
the  reports  on  Nebraska  City  and  Omaha. 
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These  curtains  or  screens  were  first  constructed  of  brush  and  wire. 
the  brush  being  vertical  and  the  wires  horizontal,  with  meshes  6  to  8 
inches  wide  and  4  feet  high.  Later  a  netting  of  wire  alone  was  tried, 
and  gave  such  good  results  that  it  will  be  generally  adopted  this  year. 
The  advantage  of  this  system  is  that  the  netting  can  be  manufactured 
in  quantities  beforehand,  so  that  no  loss  of  time  need  be  incurred  in 
placing  it  in  position.  Moreover,  the  wire  is  cheaper  than  brush,  and 
can  be  procured  in  any  amounts  needed  at  short  notice.  The  only  points 
to  be  settled  are  the  best  size  of  mesh,  and  the  most  economical  system 
of  manufacture  and  placing  in  position.  These  screens,  when  anchored 
in  the  river,  at  once  begin  to  accumulate  floating  rootlets,  grasses,  and 
other  similar  materials,  so  that  the  mechanical  resistance  of  the  screen 
to  the  free  flow  of  the  current  goes  on  increasing.  A  deposit  begins  at 
once,  and  in  an  incredibly  short  time  a  bar  is  formed  on  and  below  the 
screen,  which  may  in  very  short  time  be  brought  to  the  surface  of  the 
water.  Upon  this  bar  the  screen  finally  sinks,  and  theu  acts  as  a  revet 
ment  for  its  preservation.  In  high-water  a  diamond-shaped  mesh  16 
inches  wide  by  24  inches  high  has  been  found  much  too  small,  the  net 
being  dragged  to  the  bottom  by  the  accumulation  of  debris  before  the 
desired  shoaling  had  been  accomplished.  Heretofore  these  screens  have 
been  supported  by  buoys,  the  lower  edge  being  of  course  anchored,  but 
this  method  presents  so  many  difficulties  that  attempts  will  be  made 
hereafter  to  support  them  by  piling,  as  piles,  it  is  found,  can  be  quickly 
and  cheaply  sunk  by  the  use  of  a  water  jet. 

The  great  amount  of  bank  grading  required  is  an  important  item  in 
the  cost  of  the  work. 

Experiments  made  at  Omaha  have  shown  that  the  hydraulic  method 
offers  great  advantages  both  as  regards  expeditiousness  and  economy. 
Further  statistics  on  this  head  will  be  obtained  during  the  season. 

The  appropriations  for  the  present  year  are  small,  and  to  insure  the 
best  results  from  their  expenditure  I  believe  that  the  greater  portion  of 
the  money  should  go  to  works  of  channel  ractiflcation.  By  this  means 
it  is  hoped  that  results  of  immediate  and  lasting  benefit  may  be  obtained, 
with  the  ultimate  efl'ect  of  a  reduction  in  the  amount  of  bank  revetment 
needed.  To  do  this  work  to  best  advantage  high-water  is  needed,  and 
as  the  season  when  this  may  be  expected  is  now  past,  it  is  proposed  to 
confine  the  present  work  to  such  operations  only  as  may  be  absolutely 
indispensable,  and  to  work  of  preparation. 

When  the  ice  goes  out  in  the  spring  active  operations  will  be  com- 
menced ;  and,  as  we  will  then  have  both  the  spring  and  summer  floods 
to  work  on,  it  is  hoped  that  results  of  importance  will  be  obtained.  In 
order  to  carry  out  this  programme,  it  will  bo  of  the  utmost  importance 
that  next  year's  api)ropriations  may  be  made  available  at  an  early  date, 
in  order  that  the  work  may  be  continuously  prosecuted. 

The  manner  in  which  appropriations  are  made  for  the^e  works  is  open 
to  many  and  grave  objections.  While  the  aggregate  sum  alloted  for  the 
work  is  a  large  one,  the  special  points  designated  for  its  expenditure  are 
80  numerous  and  so  scattered  that  cooperation  is  impossible.  Each 
work  must,  therefore,  have  a  separate  plant,  and  this,  with  the  neces- 
sary 8ui)ervi8ion,  is  a  very  heavy  tax  on  the  individually  small  appro- 
priations. Moreover,  the  appropriations  are  generally  for  some  specific 
purpose,  and  work  must  be  necessarily  prosecuted  accordingly,  often  at 
great  expense,  although  the  general  results  arrived  at  might  be  obtained 
at  less  cost  and  with  greater  general  benefit  by  the  adoption  of  a  more 
comprehensive  and  less  restricted  plan. 

The  small  annual  appropriations  are  never  great  enough  to  enable  any 
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piece  of  work  to  be  completed;  but  only  when  completed  can  it  be  con- 
sidered safe;  hence,  an  undue  proxK)rtion  of  each  year's  allotment  most 
go  to  repairs  of  old  work,  and  progress  towards  final  completion  is  cor- 
respondingly slow. 

In  a  river  of  such  instability  as  the  Missouri  no  work  can  stand  by 
itself,  but  its  relation  to  all  neighboring  works  is  intimate,  and  its  de- 
pendence on  them  very  great.  Hence  plans  must  be  comprehensive,  and 
work  thorough,  complete,  and  rapidly  carried  out,  otherwise  results  will 
be  very  uncertain,  and  the  cost  unreasonably  great.  I  believe  that  the 
only  solution  of  the  problem  is  the  complete  rectification  of  the  river, 
which  I  hold  to  be  feasible  at  a  reasonable  cost;  but  this  work  will  re- 
quire to  be  systematic,  and  carried  on  with  no  restrictions  upon  the 
judgment  of  the  engineer  as  to  time  and  place  of  expenditure.  By  mak- 
ing the  work  complete  in  sections  of  limited  extent,  I  think  that  it  could 
be  carried  on  without  imposing  too  heavy  a  burden  upon  the  Treasury. 
I  have  now  in  preparation  and  hope  soon  to  submit  a  report  on  this 
subject,  with  plan  and  estimates  for  the  permanent  improvement  of  the 
river  as  far  as  covered  by  our  surveys;  that  is,  from  the  mouth  to  Sioux 
City,  Iowa,  a  distance  of  about  800  miles. 

If  the  plan  proposed  proves  acceptable,  it  is  hoped  that  systematic 
and  thorough  work  may  soon  supersede  the  present  disjointed  and  des- 
ultory operations. 

The  assistants  in  local  charge  of  works  have  displayed  great  zeal  and 
energy  in  the  prosecution  of  the  duties  assigned  them,  and  also  much 
ingenuity  and  fertility  of  resource  in  devising  methods  of  work  and 
special  appliances  for  overcoming  the  difficulties  which  presented  theia- 
selves. 

The  immediate  supervision  of  the  works  on  the  Missouri  was  in  charge 
of  my  assistant,  Capt.  Thomas  H.  Handbury,  Corps  of  Engineers,  U.  8.  A, 


Q  17. 

SURVEY  OF  THE  MISSOURI  RIVER  FROM  ITS  MOUTH  TO  FORT  BENTON, 
MONTANA,  AND  SURVEY  OF  THE  MISSOURI  RIVER  FROM  ITS  MOUTH  TO 
SIOUX  CITY,  lOW^A. 

At  the  date  of  my  last  report  the  party  engaged  in  this  work  were  80 
miles  below  Sioux  City,  Iowa,  working  down  towards  Weston,  Mo.,  the 
initial  point  of  the  previous  season's  work.  The  field  work  was  closed 
at  this  point  September  0, 1879.  Since  then  the  field  notes  have  been 
platted  to  a  scale  of  1  inch  to  1,000  feet,  making  27  sheets,  each  40  by 
120  inches. 

During  the  present  season  it  is  proposed  to  connect  these  maps  with 
those  made  in  former  years  by  the  General  Land  Office,  to  run  a  line  of 
check  levels  from  the  mouth  to  Sioux  City,  to  fill  in  details  of  topography 
which  have  been  found  lacking,  and  finally  to  reduce  the  maps  to  a 
smaller  scale  and  publish  them. 

The  honorable  Secretary  of  War  having  decided  to  allot  $4,000  of  this 
appropriation  to  the  work  at  Sioux  City  as  authorized  in  the  act  approved 
June  14, 1880,  the  operations  here  enumerated  will  exhaust  Hie  present 
api)ropriation. 

In  this  act  the  designation  of  the  appropriation  is  changed  so  as  to  fix 
the  head  of  the  survey  at  Sioux  City,  Iowa,  but  as  it  is  extremely  im 
portant  that  the  survey  of  this  great  river  should  be  continued  to  the 
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head  of  navigation,  I  submit  again  the  estimates  presented  last  year  for 
this  extension. 

The  work  of  the  survey  was  carried  on  as  during  the  previous  season 
under  the  direction  of  Assistant  D.  W.  Wellman. 

Money  statement. 

July  1, 1879,  amount  available ^,271  62 

▲moant  appropriated  by  act  approved  Juno  14,  1880 30. 000  00 

$50,271  62 

Jnly  1,  1880,  amount  expended  during  fiscal  year 20,119  80 

July  1, 1880,  amount  available 30,151  82 

Amount  (estimated)  required  for  completion  of  existing  project 100, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.    50, 000  00 


Q  i8. 

IMPROVEMENT  OF  GASCONADE  RIVER,  MISSOURI. 

A  snrvey  was  made  last  season  of  the  Gasconade  River  between  its 
moath  and  Vienna,  in  Maries  County,  a  distance  of  78  miles.  A  report 
on  this  subject,  with  estimates,  was  submitted  to  you  under  date  of  Feb- 
ruary 11, 1880,  and  was  published  as  Senate  Ex.  Doc.  No.  99,  Forty-sixth 
Cong.,  second  session. 

Congress,  by  act  approved  June  14,  1880,  appropriated  $5,000  for  the 
removal  of  snags  from  the  stream.  It  is  proposed  to  expend  this  sum 
in  the  manner  required  by  the  law  as  soon  as  the  river  gets  to  a  low 
stage,  carrying  the  work  as  far  as  the  available  funds  will  allow. 

ThU  work  is  situated  in  the  coUoction  district  of  New  Orleans,  and  the  nearest  port 
of  deUvery  is  Saint  Louis,  Mo.  The  nearest  fort  is  at  Leavenworth,  Kans.  Amount 
of  levenue  collected  at  the  port  of  Saint  Louis,  Mo.,  during  the  fiscal  year  ending  June 
30,  1880,  was  $1,176,009.57. 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 $5, 000  00 

Jnly  1, 1880,  amount  available 5,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 45,000  00 

Ajnoont  that  can  be  prolitably  expended  in  fiscal  year  ending  June  30, 1882.  45, 000  00 


subyey  of  gasconade  eiter,  missouri,  from  vienna,  in  maries 

county,  to  its  mouth. 

United  States  Engineer  Office, 

Saint  Louis,  Mo.,  February  11,  1880. 

General  :  I  beg  leave  to  submit  herewith  a  copy  of  a  report  of  my 
assistant,  Thomas  T.  Johnston,  on  the  Gasconade  Eiver,  Missouri,  from 
Yienna,  in  Maries  County,  to  its  moutli.  The  survey  of  this  stream  was 
made  under  my  directions  by  Assistant  Johnston  during  the  past 
season. 

From  this  report  it  appears  that  for  this  portion  of  the  Gasconade, 
some  78  miles  in  length,  it  is  a  small  stream,  the  low-water  discharge 
being  only  450  cubic  feet  per  second.  The  fall  is  heavy — 108  feet  in 
this  distance-^and  the  river  is  much  obstructed  by  frravol  bars,  the 
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channels  through  which  are  tortnoiis  and  shallow.  To  thoroughly  im> 
prove  a  stream  of  this  character  is  a  very  costly  operation,  and  before 
suitable  plans  could  be  prepared,  more  study  and  observation  would  be 
required  than  the  hurried  nature  of  our  survey  has  enabled  us  to  bestow 
upon  the  subject. 

There  is  not  much  steamboat  navigation  on  the  river,  but  the  rafting 
interest  is  important.  Under  these  circumstances  it  has  seemed  best  to 
confine  our  attention  for  the  present  to  a  project  for  deepening  and 
straightening  the  low-water  channels  over  the  worst  shoals  by  means 
of  low,  cheaply-constructed  dikes,  and  for  removing  the  snags  which 
now  obstruct  the  stream  in  many  places.  This  partial  improvement 
would  no  doubt  be  very  beneficial  to  all  the  interests  concerned,  and 
during  its  progress  opportunity  would  be  afforded  for  a  more  thorough 
study  of  the  problem. 

Assistant  Johnston's  estimate  for  this  work  is  $50,000,  which  could 
be  profitably  expended  in  one  season.  This  estimate  is  approved 
by  me. 

Coi)ies  of  the  maps  of  the  survey  will  be  forwarded  as  soon  as  they 
can  be  traced. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Ghas.  E.  Sutee, 

Major  of  Engineern. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  EngimerSf  U.  8.  A. 


REPORT  OF  MR.   THOMAS  T.   JOHNSTON,  ASSISTANT  ENGINEBB. 

Saint  Louis,  Mo.,  January  30,  1880. 

Major  :  I  have  the  honor  to  submit  the  following,  being  my  report  of  the  survey  of 
and  the  practicability  of  improving  the  Gasconade  River  from  Indian  Ford  (near 
Vienna),  in  Maries  County,  Missouri,  to  the  mouth  of  the  river,  and  which  was  done  in 
accordance  with  instructions  received  from  you  dated  August  20, 1879,  and  September 
9,  1879. 

The  survey  of  the  river  was  commenced  September  17,  1879,  and  completed  October 
29,  1879.  A  stadia  line  was  run  along  the  course  of  the  river,  from  which  all  other 
points  were  located.  The  length  of  each  change-line  was  measured  from  both  ends. 
The  directions  of  the  lines  were  checked  by  reference  to  the  true  meridian  about 
every  20  miles. 

Topography  back  from  the  river  bank  was  sketched  as  far  &8  time  and  the  amount 
of  the  allotment  permitted.  A  line  of  levels  was  run  to  which  the  water  surface  was 
referred  at  about  every  500  feet  along  the  pools,  aud  at  shoals  sufficient  elevations 
were  taken  to  determine  the  manner  in  which  the  water  gets  over  them  with  reference 
to  shape  and  slope.  Catleuced  soundings  were  taken  in  pools  on  sections  avera^ng 
about  400  feet  between  centers ;  on  shoals  sufficient  soundings  were  taken  to  deter- 
mine its  shape  and  the  wat<^r  depths,  the  sounder  wading  and  pacing  between  sound- 
ings, thus  getting  them  equidistant. 

The  country  along  the  river  was  examined  as  far  as  possible.  The  accompanying 
maps  show  the  results  of  the  work,  except  that  only  enough  soundings  were  platted 
to  show  the  ruling  depths  on  sections. 

This  part  of  the  river  crosses  from  side  to  side  of  a  crooked  valley  between  blnffiiy 
which  are  from  1,000  feet  to  1  mile  (about)  apart,  the  faces  of  which  toward  the  viJlej 
show  distinctly  northeast  and  northwest  trends ;  the  general  direction  of  the  stream 
is  northeasterly. 

The  bluffs  are  often  precipitous,  with  rock  ledges  out-cropping;  in  a  few  instAnoes 
they  rise  vertically  from  the  water's  edge,  and  in  a  few  instances  they  were  observed 
to  rise  abniptly  from  the  level  and  high  bottom  lands.  They  are  generally,  however, 
footed  by  a  talus  which  frequently  obscures  the  original  bluff  face.  The  country  in 
Maries  County  and  Southern  Osage  County,  near  the  river,  is  excessively  broken, 
especially  on  the  west  side;  the  ridges  are  a  mass  of  angular  stones,  varying  in  sisa 
from  small  gravel  to  pieces  weighing  several  hundred  pounds ;  the  forests  are  tnin  and 
the  underbrush  scant ;  on  the  hillsides  and  in  the  bottoms  the  laud  is  more  or  less  fertile^ 
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and  much  of  it  nndor  cultivation;  toward  the  Missouri  River  and  east  of  the  river  the 
•onntr>'  is  less  jafij^^ed:  it  is  thickly  settled  by  Germans,  who  have  ])laced  most  of  the 
land  (hill-top,  sid^^-hill,  and  bottom  land)  under  cultivation,  growing  grapes,  wheat, 
and  com  in  lar^e  quantities. 

The  bottom  lands  arr  quite  level,  being  at  the  river  banks  generally  about  20  feet 
above  the  low-water  level  of  the  river;  in  such  ])laces  as  the  river  is  shifting  about,  or 
is  influenced  by  the  tributaries  or  by  original  valley  to])ography,  there  are  lower  lands 
tabject  to  frequMit  overllow.  They  are  for  the  greater  part  very  fertile,  though  in 
many  places  too  santly  to  be  of  niuch  value.  WluTe  the  river  banks  are  being  iM-oded, 
the  material  bellow  the  alluvial  crust  is  shown  to  be  a  mixture  of  sand  and  gravel  in 
yarying  projiortions:  tributaries  (fitting  through  the  bottom  lands  show  the  same 
formation.  No  evidence  of  bed-rock  was  observed  within  at  least  10  feet  of  the  low- 
water  level  of  the  river.  While  iXut  regular  trend  and  the  age  of  tlu;  blulf  rocks  indi- 
cate the  i)re-glacial  existence  of  the  valley,  the  limited  area  the  river  could  ever  have 
drained  and  the  character  of  the  valley  formations  indicate  the  flow  of  a  largo  amount 
of  water,  such  as  could  have  b<»en  produced  by  the  melting  of  glaciers. 

The  river  is  a  series  of  pools  an<l  shoals,  the  low-wat<5r  width  of  the  channel  vary- 
ing from  60  to  500  feet,  but  being  generally  about  200  feet  wide;  Jis  shown  on  the 
maps,  the  depth  of  the  former  varies  from  20  feet  to  3  or  4  feet,  but  for  the  most  part 
showing  a  depth  of  8  or  9  feet;  the  current  in  these  is  almost  imperceptible  at  low- 
water.  The  maximum  dox)th8  of  water  on  the  shoals  vary  from  2.5  to  1.3  feet,  but 
for  the  most  part  being  about  2  feet :  the  depth  varies  with  the  shape  of  the  shoal  to 
some  extent.  These  snoals  appear  to  be  banks  of  gravel,  acting  as  dams  athwart  the 
course  of  the  stream;  sand  in  the  river  bed  is  absent  except  near  the  mouth.  The  fall 
of  the  river  from  Indian  Ford,  as  shown  by  the  levels,  is  107.895  feet,  the  Missoori 
Blyer  being  low.  The  length  of  the  river  surveyed  is  78^  miles.  The  pools  (as  a  rule) 
lie  adjacent  to  the  bluffs,  while  the  shoals  (as  a  rule)  occur  where  the  river  crosses 
from  bluff  to  bluff;  they  occur  also  (as  a  rule)  very  close  to  where  the  river  commences 
a  crossing,  and  rarely  at  the  end  of  a  crossing ;  frequently  there  are  shoals  between 
these  points.  There  are  a  class  of  shoals  which  appear  to  be  the  consequence  of  some 
tributary,  doubtless  the  latter  bringing  in  material  that  the  river  is  incapable  of  mov- 
ing, thus  forming  a  nucleus  for  a  shoal.  Two  or  three  shoals  along  the  bluffs  are  doubt- 
less the  consequence  of  some  obstacle,  as,  for  instance,  a  bed  of  snags.  Undoubtedly 
■nags  have  exerted  a  large  influence  over  the  formation  of  shoals.  The  river  has  an 
oscillation  between  high  and  low  water  of  22  feet,  as  given  by  a  high-wat^r  mark  at 
Pay  Down.     (Sheet  4.) 

The  slope  of  the  country  that  the  river  drains  is  such  that  the  water  passes  off  rap- 
idly, the  river  rising  v<'ry  rapidly  and  staying  high  but  a  short  time.  The  prevalence 
of  low-water  is  indicated  by  the  growth  of  vegcitation  close  to  the  low-water  line. 
Persons  living  along  the  river  were  a  unit  in  representing  the  river  to  have  been  un- 
nsnally  low  during  the  i)ast  season.  It  wa«  noticed  that  scarcely  any  water  was 
brought  in  by  the  numerous  small  tributaries  below  Indian  Ford. 

IMPUOVEMENT. 

The  quantity  of  water  passing  through  the  stream  at  extreme  low- water  does  not 
Tary  much  from  450  cubic  feet  per  second.  The  shoals  in  the  river,  acting  as  dams, 
hold  a  depth  of  water  behind  them  sufficient  for  all  needs  of  navigaticm,  while  the 
water  spreads  over  Ihe  dams  in  a  more  or  less  thin  layer.  The  question  turns  on  a 
method  of  passing  these  dams.  Locks  would  answer  the  purpose,  but  are  unnecessary 
and  expensive.  Th<^  present  needs  of  navigation  do  not  require  a  channel  of  more  than 
S.5  feet  depth  by  about  30  feet  bottom  width  and  GO  feet  or  more  surface  width.  The 
sectional  area  of  the  stream  on  the  shoals  shows  that  this  can  easily  bo  had.  It  is 
lielieTed  that  this  can  be  had  by  using  wing-dams  and  dikes  of  various  construction. 
A  considerable  care  must  be  used  on  placing  them,  particularly  to  make  them  suffi- 
ciently low.  They  should  be  no  higher  than  sufficient  to  maintain  the  required  chan- 
nel. Some  years  ago  Powell's  dam  (sheet  25)  was  built,  which  has  caused  changes  in 
the  ziTCT  especially  detrimental  to  navigation.  It  had,  probably,  a  fall  of  4  feet;  as  a 
conseonnnce,  the  river  below  has  a  large  fall  and  numerous  shoals;  exactly  what  its 
effect  has  be«n  is  difficult  to  decide,  but  an  examination  of  the  map  will  show  it  in  a 
measure.  Using  a  shoal  in  the  capacity  of  a  dam  involves  the  consideration  of  it-s 
stability;  the  apparent  relations  betwei^n  the  positions  of  shoals  and  the  features  of 
the  river  indicate  their  permanency,  though,  doubtless,  slow  changes  may  exist ;  the 
material  of  which  they  consist  is  somewhat  difficult  of  transportation,  though  the 
case  of  Poweirs  dam  shows  that  it  is  moved  in  not  small  quantities ;  the  way  gravel  has 
linked  np  below  the  dam  shows  what  may  be  expected  at  any  other  dam  ;  an  arti- 
ficial obstruction  at  Stake  Shoal  (sheet  29)  indicates  the  same  thing;  likewise  the 
shoal-forminff  capacity  of  snags.  A  low  dam  or  immovable  ridge  on  the  crest  of  a 
bar  shoal  will  prevent  any  undesirable  changes,  being  coupled  with  needed  protections 
at  the  river  banks.  Being  assured  of  the  permanency  of  the  shoals,  the  works  on  any 
■hoai  may  be  considered. 
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Primarily f  these  should  not  damage  the  river  elsewhere;  to  satisfy  this oondition  the 
dams  should  be  as  low  as  possible,  and  not  much  alter  the  elevation  of  or  fall  over  a 
shoal.  It  is  partly  on  this  account  that  it  would  be  unadvisable  to  scrape  a  channel 
through  the  gravel  nhoals,  thus  reducing  the  level  of  the  jk)o1  above,  and  maybe 
developing  new  shoals  ;  moreover,  this  process  would  be  equivalent  to  making  wing- 
dams  of  loose  gravel,  which  material  (from  personal  observation)  is  easily  moved 
when  the  regimen  of  the  strt^am  is  molested.  While  satisfying  this  primary  condition 
it  must  be  considered  how  and  where  the  clianuel  over  the  shoal  is  to  be.  Its  width 
will  be  governed  by  the  fall  over  the  shoal  and  the  variation  from  the  depth  of  chan- 
nel proposed;  this  latter,  to  be  accurate^,  will  have  to  be  determined  by  actual  experi- 
ment; with  the  pro])08ed  channel -depth  sufficient  width  (and  more)  can  be  had  and 
the  variation  therefrom  may  have  to  be  governed,  but  to  what  extent  remains  to  be 
determined  ;  however,  it  is  believed  that  sufficient  is  known  concerning  the  probable 
variation  upon  which  to  base  estimates. 

The  location  of  the  channel  over  the  shoals  involves  the  consideration  of  its  ease  of 
navigation ;  the  cost  of  forming  it ;  its  chances  of  maintenance ;  the  conditions  above 
prescribed ;  and  the  consideration  of  erosion  of  banks.  £x]>erience  haa  shown  that 
boats  can  move  up  stream  over  the  steepest  shoals  with  no  difficulty.  Ease  of  naviga- 
tion requires,  tlu'n,  only  that  the  channel  should  be  reasonably  straight.  The  cost  of 
forming  the  channel  will  depend  on  the  nature  of  the  shoal;  the  chances  of  main- 
tenance de]>end  on  the  same  thing,  together  with  the  high-water  action  of  the  river. 
The  discussion  of  these  properties  will  not  bo  undertaken  here,  but  will,  if  desired, 
form  the  subject  of  a  8Ui)]>lemental  report. 

The  nature  of  the  bottom-lands  is  such  as  to  render  them  capable  of  easy  erosion. 
Along  the  straighter  ]K)o1k,  and  where  the  concave  side  is  a  blufl:',  this  action  is  absent 
on  account  of  absence  of  current  except  at  high-water  and  the  protection  of  vegeta- 
tion ;  at  other  pools,  bending  sharply,  this  action  exists,  though  progressing  slowly 
and  only  at  the  occasional  high-waters.  At  shoals  evidence  of  past  erosion  exists, 
and  is  at  ])re8ent  i>rogressing,  and  must  be  i)revented  from  interfering  with  the 
improvements  on  any  shoal. 

PLAN. 

It  is  proposed,  in  order  to  bring  about  an  im])rovenjent,  to  use  some  device  for  con- 
centrating and  governing  the  flow  of  wat«T  through  a  channel,  the  location  of  which 
has  been  dtitennined,  in  consideration  of  conditions  before  mentioned.  These  devices 
will  have  to  be  constructed,  with  few  exce]>tions,  where  the  w.ater  (at  its  lowest)  is 
about  *2.i)  fe«t  deep,  or  less,  and  in  such  a  nuinner  that  the  resistance  of  the  device  de- 
manded will  never  be  v<»ry  great,  which  resistance  is  lessened  as  much  as  i)ossible  by 
the  design  of  the  tlevices;  it  is  not  believed  that  water-tight  dams  and  dike  will  be  de- 
mande<l,  at  least  only  in  rare  instances.  Having  once  fixed  a  section  for  the  channeL 
the  concentrating  ca])acity  and  (|uality  demanded  will  depend  upon  the  shape  of  ana 
fall  over  the  shoal  and  the  governing  cajjacity  on  the  same  thing  to  a  greater  or  less 
extent ;  the  impossibility  of  calculating  the  intensity  of  these  requirements  makes  actual 
exi>erinient  n<*cessary  to  determine  them.  It  is  believed  that  the  changes  intended  on 
any  shoal  will  iiikv  ])lace  so  rapidly  that  the  effect  of  the  works  can  be  observed  ap- 
proximately at  once,  and  thus  govern  their  extent.  The  estimates  below  are  based 
upon  the  etfect  of  the  works  anticipated,  and  it  is  believed  they  will  not  vary  much 
from  what  will  be  needed.  Where  a  wing-dam  or  dike  is  needed  over  2  feet  high, 
bruhli  and  stone  will  be  n.sed  (<lej)ending,  of  (ionise,  on  the  resistance  demanded); 
where  a  less  height  is  needed,  ])oles  and  planks  driven  into  the  gravel  in  single  or 
double  rows  (depending  on  the  cas<»),  somewhat  after  the  nature  of  sheet  piles,  either 
alone  or  backed  by  stone,  or  gravel  will  answer  for  dams  and  dikes.  These  will  be 
driven  2  or  .3  feet  into  the  gravel,  or  until  they  take  a  firm  hold  and  are  out  of  the 
limit  of  scour ;  when  used  to  <letl<'ct  the  current,  poles  alone  will  answer,  driven  several 
inches  apart;  none  of  these  works  are  intended  to  reach  above  low-water ;  in  manT 
eases  even  this  height  will  be  unnecessary  (besides  the  previcmsly  mentioned  condi- 
tions, the  desirability  of  maintaining  the  point  of  maximum  scour  at  or  near  low- 
water  will  govern  th<'  height  of  the  works).  Similar  works  will  be  used  to  prevent  the 
bars  from  giving  ojH^nings  for  other  channels  and  for  governing  undesirable  scour  in 
the  channel.  The  par's  of  this  class  of  work  that  may  be  subject  to  hard  knocks,  as 
from  rafts  or  boats,  will  be  of  the  same  constrnction,  but  strcmger  than  elsewhere.  It 
is  believed  that  tin?  sj)aces  behind  the  works  will  till  up  with  sand  and  gravel,  and 
that  these  sediment  banks  and  the  works  will  atford  mutual  ]>rotection.  The  greatest 
danger  to  this  plan  is  the  ]K>ssihility,  though  remote,  of  the  channel  filling  up  at  high- 
water  in  a  manner  io  prtjvent  it  being  ojM'ued  again  at  low-water.  This  objection  is 
common  to  all  wing-dam  an<l  dik*'  systems,  and  can  be  obviated  only  by  work  in  the 
nature  of  maintenance  and  repairs. 

The  survey  of  the  riv<*r  develo]>s  7()  jilaces  nee<ling  improvement,  as  shown  on  the 
maps  and  in  the  following  table.  The  estimates  an;  based  njjon  the  condition  of  the 
river  when  surveye^l,  and  will  vary*  with  any  variation  in  the  shoal  prior  to  improve- 
ment.   No  changes  are  antici])ated  which  will  much  alter  the  amounts.    Dike  and 
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dun  work  has  been  placed  at  an  average  cost  of  25  cents  ])or  running  foot,  as  deter- 
mined by  averaging  tJie  amount  of  work  on  a  number  of  shoals.  These  estimates  refer 
to  the  actual  cost  of  construction.  Ten  per  cent,  has  be^n  added  on  account  of  possi- 
ble error  in  estimatcMs,  and  the  same  amount  on  account  of  such  scraping  and  govcining 
of  jbhe  channel  as  may  be  needed  to  develop  the  intended  effect  of  the  work. 


lAst  of  shoah  and  estimates  for  improvement. 
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24, 200 
6,800 
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See  profile  of  river  for  fall  and  length  of  shoals. 

8NAGS. 

There  are  localities  along  the  river  favorable  for  the  l(>ration  of  snags;  and  at  those 
plaoes  they  are  sometimes  so  thick  that  a  boat  or  raft  cannot  pass  without  coming  in 
contact  with  them.  Tlu^se  localities  are  at  such  places  a.s  the  banks  are  being  eroded, 
either  along  pools  or  at  shoals ;  also  at  the  lu^ads  of  islands.  They  occur  also,  as  a  rule, 
in  groups,  an  isolated  one  being  rare.  There  are  long  stretches  of  the  river  where 
none  will  be  found.  They  seldom  locate  in  the  channel  on  shoals,  except  where  ero- 
sion of  banks  exists.  There  are,  then,  a  number  of  localities,  more  or  less  full  of  snags, 
ennmerated  bellow.  They  are  easily  accessible  from  the  shores,  and  can  be  removed 
by  apparatus  located  thereon,  and  by  blasting. 


Loggybend. 

One  mile  above  Pay  Down. 

Devil's  Race  Shoals. 

Buck  Elk  Shoal. 

Scott  Island. 

Bamsey  Shoal. 

Rollins'  Ferry  Shoal. 

Above  Owen's  Mill. 

Below  Pointer's  Creek. 


Head  of  Deer  Slough. 
Massey  Island. 
Bumper's  Shoal  and  above. 
Prior's  Bend. 
LrOTta  Lewis  Shoal. 
Deppy  Bend. 
Powers  Dam. 
Below  Round  Island. 


ESTIMATES  FOR  REMOVING  SNAGS." 

Coot  of  outfit  (boats,  apparatus,  &c.) $1,000 

Work  of  one  season — employes 5,000 

Superintendence 1,000 

BepaiiB  of  apparatus  and  material 1, 000 

Hflffgin  for  variation  from  estimates 1, 000 

Amount  for  one  season's  work 9, 000 

One  season's  work  will  probably  be  required  to  complete  this  work,  making  the 

total  cost 9,000 
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KAFT  NAVIGATION. 

Rafting  is,  at  present,  the  only  traffic  done  on  the  river,  though  several  boats  hav« 
been  up  the  stream.  Lnmber  and  railroad  ties  are  rafted  in  various  quantities  year 
by  year.  It  is  estimated  that  80,000  ties  were  rafted'  in  the  year  1879.  Not  mnch 
lumber  came  down,  due,  probably,  to  the  very  low-water  and  the  small  demand  for 
that  article.  At  low- water  this  bnsinciw  is  difficult  and  expensive,  rafts  frequently 
being  broken  up  and  destroyed.  Undoubtedly,  this  business  would  be  a  large  one  in 
this  river  if  the  raft>s  could  be  taken  out  at  a  reasonable  cost.  The  present  greatest 
width  of  rafts  is  32  feet ;  in  order  to  pass  some  shoals,  it  is  necessary  to  split  them  in 
half  lougitudiually.  A  chauuel-way  that  allows  this  width  of  raft  to  be  increased  can- 
not be  considered  practicable  in  this  river;  it  remains,  then,  to  make  it  deep  enongh 
to  allow  the  thickness  of  rafts  to  be  increased ;  the  present  thickness  under  water 
scarcely  exceeds  8  inches.  The  rafts  are  always  long — about  200  feet — and  their 
trouble  lies  in  getting  through  crookt^l  channels.  Some  benefit  would  accrue  from 
rectification  of  the  channel  in  various  places;  the  cost  of  auxiliary  works  necessary 
to  maintain  such  a  channel  would  make  the  total  cost,  approximately,  very  close  to 
the  cost  of  the  works  for  boat  navigation.  It  is  believed  best,  on  this  account  and  the 
importance  of  the  raft  trade,  to  fix  a  quality  of  raft  navigation  at  such  as  will  be  a 
consequence  of  the  boat  channel  proposed. 

VALUE  OP  THE  PROPOSED  IMPROVEMENT. 

The  benefit  to  be  derived  from  the  improvement  of  this  river  would  be  to  afford 
cheap  and  convenient  transportation  for  the  products  of  a  large  portion  of  Maries, 
Osage,  and  Gasconade  counties  in  Missouri,  and  to  make  further  development  of  the 
country  profitable  ;  wheat  and  com  are  grown  in  large  quantities.  The  mineral  re- 
sources of  this  region  are  almost  wholly  undeveloped ;  iron  ore  is  plentifril.  An  outlet 
would  be  afforded  for  much  oak  and  pine  lumber. 

No  reliable  statistics  of  the  products  of  this  region  exist. 

SUMBiATION. 

Cost  of  improvement  (actual  construction) $30, 000 

Superintendence,  surveys,  office  expenses 10,000 

One  season's  work  removing  snags 9,000 

Tools,  boats,  and  material 1,000 

Total 50,000 

It  is  recommended  that  this  work  bo  done  in  one  year,  as  being  economical,  and 
that  the  50,000  be  expended  during  the  next  fiscal  year. 

Attention  is  respectfully  called  to  the  condition  of  the  bridge  of  the  Missouri  Pacific 
Railroad,  near  the  month  of  the  river  (sheet  31) ;  it  has  no  draw-span,  although  the 
piers  are  constructed  for  one :  at  low- water,  in  both  the  Missouri  River  and  the  Gas- 
conade, the  lower  chord  of  this  bridge  was  32.83  feet  above  the  water  surface.  The 
channel-way  either  side  of  the  pivot-pier  is  obstructed  by  the  remains  of  a  former  trestle 
bridge. 

Attention  is  also  called  to  the  existence  and  operation  of  a  grist-mill,  as  shown  on 
sheet  20  of  the  map. 
Respectfully  submitting  the  above  to  your  consideration,  I  am, 
Very  respectfully,  your  obedient  servant, 

Thos.  T.  Johnston. 

Assistant  JSngtnear, 
M%j.  Chas.  R.  Suter, 

Corps  of  Engineers^  U,  8,  A. 


Q  19. 

IMPROVEMENT  OF  ARKANSAS  RIVER  BETWEEN  FORT  SMITH,  ARKANSAS, 

AND  WICHITA,  KANSAS. 

!N"o  snag-boat  of  sufficient  light  draught  was  available  for  work  in  this 
portion  of  Arkansas  River  till  the  end  of  the  winter,  when  the  new 
snag-boat  Chauncey  B.  Reese  was  assigned  to  that  field.  Owing  to  the 
low  stage  of  water,  the  lateness  of  the  season,  and  the  great  number  of 
snags  that  had  to  be  removed  to  admit  the^  passage  of  the  boat^  bat  little 
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oonld  be  accomplished  and  the  boat  was  withdrawn.  Operations  will 
be  resamed  at  the  first  favorable  opportunity  and  carried  as  high  as  the 
railroad  bridge,  3  miles  ^bove  Grand  Eiver  and  97  miles  from  Fort 
Smith.  This  bridge  has  no  draw  and  is  impassable  for  steamers  of  any 
fize. 

During  the  coming  season  it  is  proposed  to  set  a  party  at  work  at  the 
upper  end  of  the  district.  They  will  work  at  low- water,  either  from  flat- 
boats  or  the  banks  of  the  stream,  and  will  remove  snags  and  rocks  from 
tiie  channel,  and  perhaps  build  a  few  dams  on  the  worst  shoals.  These 
operations  will  be  carried  on  as  far  as  the  funds  available  will  allow,  and 
willy  it  is  thought,  benelit  at  lea^t  flat-boat  navigation,  which,  with  the 
impassable  bridges  below,  is  all  that  the  stream  is  now  capable  o£ 
During  the  past  season  the  dike  built  at  Fort  Smith  was  found  to  have 
settled  slightly.  It  was  raised  to  the  proper  level,  and  at  last  accounts 
was  in  good  condition  and  had  accomplished  perfectly  the  object  in- 
tended, that  of  giving  a  good  and  accessible  harbor  to  the  town  of  Fort 
Smith. 

In  order  to  carry  on  such  work  as  is  at  once  needed  an  appropriation 
of  $40,000  will  be  necessary,  and  I  beg  leave  to  renew  my  recommenda- 
tion of  an  appropriation  of  $16,300  for  such  a  survey  as  is  needed  to 
develop  a  plan  of  permanent  improvement. 

The  work  is  situated  in  the  collection  district  of  New  Orleans.  The  nearest  port  of 
delivery  is  Memphis,  Tenu.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

The  amount  of  revenue  collected  at  Memphis,  Tenn.,  duriut^  nscal  year  ending  Jane 
30,  1880,  was  $21,051.52. 

Money  statement 

July  1,  1879,  amount  available $20,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 15, 000  00 

$35,000  00 

July  1, 1880,  amount  expended  during  fiscal  year 18, 591  75 

July  1,1880,  amount  available 16,408  25 

Amoont  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    56, 300  00 


Q    20. 

IMPROVEMENT  OF  ARKANSAS  RIVER  AT  PINE  BLUFF,  ARKANSAS. 

• 

A  general  plan  for  the  improvement  of  Arkansas  Eiver  at  this  locality 
was  submitted  to  you  under  date  of  January  23, 1880,  printed  as  Senate 
Ex.  Doc.  !N'o.  67,  Forty-sixth  Cong.,  second  session. 

Congress  by  act  approved  June  14, 1880,  having  appropriated  $25,000 
for  this  work,  it  will  be  taken  in  hand  at  once  and  pushed  as  far  as  the 
available  funds  will  allow. 

This  work  is  situated  in  the  collection  district  of  New  Orleans.  The  nearest  port 
•f  deUvery  is  Memphis,  Tenn.,  and  the  nearest  fort  is  Fort  Smith,  Ark. 

The  amoont  of  revenue  collected  at  Memphis,  Tenn.,  during  fiscal  year  ending  June 
30,  I860,  was  $21,051.52. 

Money  statement 

Amoont  appropriated  hy  act  approved  June  14,  1880 $25,000  00 

July  1, 1880,  amount  available 25,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 75, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    75, 000  00 
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survey  of  arkansas  river,  in  the  vicinity  of  pinb  blttffy 

arkansas. 

United  States  Engineer  Office, 

Saint  LouiSy  Mo.j  January  23, 1880. 

General  :  I  beg  leave  to  transmit  herewith  a  copy  of  the  map  of  a 
survey  of  Arkansas  Eiver,  in  the  vicinity  of  Pine  Blaff,  Ark.,  made 
ander  my  direction  during  the  past  summer,  together  with  a  report 
from  my  assistant,  Capt.  Thomas  H.  Handbury,  Corps  of  Engineers,  U. 
S.  A.^  submitting  a  plan  and  estimates  of  cost  for  the  improvement  of 
the  nver  at  this  locality.  From  these  documents  it  will  be  seen  tiiat 
the  objects  proposed  are  three  in  number.    They  are: 

1st.  To  protect  the  river  bank  immediately  in  front  of  the  town  from 
fhrther  erosion. 

2d.  To  rectify  the  course  of  the  river  in  the  bend  above  the  town,  in 
order  to  remove  a  bar  now  existing  there,  which  is  an  impediment  to 
navigation,  and  also,  by  diminishing  the  curvature  of  the  bend,  to  lessea 
the  tendency  to  excessive  scour  in  front  of  Pine  Bluff. 

3d.  To  prevent  the  formation  of  a  cut-off  now  threatened  across  the 
neck  of  the  peninsula  opposite  Pine  Bluff,  which,  if  allowed  to  take 
place,  will  leave  that  town  nearly  4  miles  from  the  river,  and  will  have 
injurious  effects  on  the  river  above  and  below.  The  whole  improvement 
will  extend  over  about  13  miles  of  river. 

To  accomplish  the  objects  proposed,  the  plan  contemplates  the  use  of 
methods  and  appliances  which  have  given  excellent  results  on  the  worka 
of  imi)rovement  carried  on  under  my  direction  on  the  Missouri  Eiver, 
and  which  I  have  no  reason  to  doubt  will  give  equally  good  results  here. 

The  revetment  of  30,000  linear  feet  of  bank  is  deemed  necessary,  as 
also  the  construction  ot  2,000  feet  of  floating  brush  dike. 

The  plan  i)roposed  by  Ca[)tiiin  Handbury  expresses  my  own  views  on 
this  subject,  and  the  estimates  submitted  are  also  approved  by  me. 
They  are  as  follows : 

For  revetting  30,000  f«^ot  of  l>aTik,  at  S'2.r)0  ])er  foot |90, 000 

For  constructing  2,000  feet  of  floating  brusli  dike,  at  $1  per  foot 2, 000 

For  siiperinteudeuce  and  contingencies 8, 000 

Total 100,000 

Which  can  be  profitably  expended  in  one  season.  In  order  that  the 
work  may  be  accomplished  with  the  greatest  economy  and  dispatch,  it 
is  very  desirable  that  the  whole  sum  estimated  as  necessary  should  be 
appropriated  at  once. 

I  am,  general,  very  respectfully,  your  obedient  servant, 

Chas.  E.  Suter, 

Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers y  U.  8.  A. 


report  of  captain  thomas  h.  handbury,  corps  of  engikeebs. 

United  States  Engineer  Office, 

Saint  Louis  J  Mo.^  January  17,  1880. 

Major  :  In  obodienco  to  your  verbal  in»triiction8  received  a  few  days  since,  I  hav* 
the  honor  to  submit  the  following  plan  and  report  thereon  for  improvlDg  the  naviga- 
tion of  the  Arkansas  River,  in  the  vicinity  of  Pine  Bluif,  Ark. : 

The  town  of  Pine  Bhiff  is  situated  upon  the  right  bank  of  the  Arkansas  River,  about 
172  miles  by  water  from  its  mouth. 
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It  is  the  center  of  a  large  agricultnral  trade,  and  the  point  from  which  the  cotton 
product  of  this  section  is  shipped  to  the  markets. 

The  Arkansas  River,  in  its  lower  reaches,  flows  through  soft  allnvial  hottom  land, 
irhich  it  has  probably  transporti^d  from  its  upper  regions.  It  belongs  essentially  to 
the  sediment-bearing  class  of  rivers,  and,  like  all  of  these,  is  constantly  changing  its 
bed  and  channels. 

As  we  study  the  effect  of  these  changes  upon  navigation,  and  upon  the  interests 
•long  the  banks,  we  observe  that  they  arc  sometimes  beneficial,  but  more  often  detri- 
mental. In  the  location  that  we  are  now  considering  the  chang<»s  that  have  been 
going  on  in  recent  years  have  been  of  such  a  nature  as  to  interfere  seriously  with  the 
prosperity  of  various  interests,  and  they  are  still  very  threatening  in  their  character. 

The  town  of  Pine  Bluff  has  suffered  mu(;h  from  the  constant  erosion  by  the  river  of 
the  land  upon  which  it  is  built.  The  upper  stratum  of  this  land,  down  to  ]>erhaps  the 
level  of  low-water,  is  of  a  tough,  tenacious  nature,  which  withstands  well  the  action 
of  the  current,  but  beneath  tnis  there  is  a  stratum  of  quicksand  which  is  readily 
washed  away  whenever  the  force  of  the  current  is  brought  to  bear  against  it.  Being 
left  without  support,  the  upper  mass  tumbles  into  the  river  and  in  a  short  time  is  car- 
ried away,  leaving  the  ([uicksaud  stratum  again  exposed  and  the  same  jirocess  to  be 
vepeated. 

In  consequence  of  this  action  much  valuable  property  has  already  disappeared  and 
•till  more  is  in  danger. 

The  water  just  along  the  town  front,  and  for  some  distance  below,  is  deep,  affording 
at  all  stages  a  good  navigable  channel.  But,  in  consetiuence  of  a  very  short  turn 
that  the  river  is  obliged  to  make  just  above  the  town,  the  velocity  of  the  high-water 
is  checked  and  large  deposits  are  formed.  During  the  low-water  and  medium  stages 
there  is  not  sufficieht  time  for  these  deposits  to  be  removed  by  the  natural  forces  at 
work ;  consequently  they  materially  interfere  with  the  general  navigation  of  the  river 
at  this  point. 

These  are  evils  that  are  present,  and  in  the  interests  of  the  communities  above  Pine 
Bluff,  as  well  as  at  the  town  itself,  should  be  remedied  without  delay.  Aside  from 
theee  there  is  one  that  is  prospective  and  threatening  great  danger  to  all  interests  con- 
eemed  at  no  very  distant  future  day. 

This,  however,  if  judicious  steps  be  now  taken,  can  be  avoided. 

By  a  glance  at  the  accompanying  map  it  will  be  seen  that  Pine  Bluff*  is  situated 
opposite  the  apex  of  a  peninsula-like  piece  of  land. 

The  narrow  portion  of  this  is  being  rapidly  eroded  by  the  action  of  the  water  both 
upon  its  upper  and  lower  sides.  A  small  amount  of  funds  judiciously  expended  would 
atop  these  erosions.  They  should  be  taken  in  hand  at  the  earliest  possible  moment, 
Ibr  if  allowed  to  go  ou,  a  cut-oft'  will  take  place  which  will  not  only  greatly  disturb 
the  regimen  of  the  river  and  impair  its  navigation,  but  will  leave  Pine  Bluif  and  all 
its  river  interest  4  miles  from  its  steamboat  landing  with  a  high- water  slough  to  cross 
befi>re  it  is  reached. 

The  river  would  be  shortened  by  this  cut-off  about  10|  miles,  and  its  slope  changed 
ftom  ^  of  a  foot  per  mile  to  about  4  feet  per  mile. 

In  its  general  characteristics  the  Lower  Arkansas  River  bears  a  strong  resemblance 
to  the  Missouri.  Like  it,  it  flows  through  a  loose  sandy  or  alluvial  bed,  formed  of  the 
materials  which  it  has  brought  dowu  from  its  higher  reaches.  Like  it,  it  is  constantly 
erodiiu:  its  banks  and  shiftin*;  its  channels,  and  like  it,  too,  it  is  constantly  carrying 
down  Gu'ge  qnantities  of  sediment,  more  or  less  of  which  is  dropped  wherever  there  is 
a  check  in  the  velocity  of  its  current.  It  is  reasonable  to  conclude  that  the  same  prin- 
ciples that  have  been  successfully  applied  to  the  improvement  of  the  navigation  and 
the  amelioration  of  the  evils  arising  from  the  erosions  caused  by  the  one  would  be 
eqnally  applicable  to  the  other,  and  I  see  no  reason  for  making  any  material  difference 
In  the  practical  application  of  these  principles. 

For  stopping  the  erosions  I  would  recommend  that  the  banks  be  revetted  where  nec- 
essary with  a  thin  and  flexible  layer  of  willows  or  brush,  made  into  a  continuous  mat 
or  blanket;  this  to  extend  <lown  the  bank,  which  I  would  first  grade  to  a  slope  of  not 
ffreater  than  one  on  one  and  one-half,  and  out  along  the  bottom  of  the  river  sufliciently 
uiT  to  give  protection  against  any  scour  that  might  affect  the  foot  of  the  bank.  On 
account  of  the  tough  and  unyielding  nature  of  the  htrata  above  low-water  in  the  local- 
ities where  revetment  will  be  necessary  in  this  case,  I  do  uot  anticipate  that  a  high- 
water  revetment  will  be  necessary.  The  revetmeut  need  not  extend  much  above  the 
ordinary  low- water  line. 

For  cases  where  it  may  be  desirable  to  change  the  course  of  the  river  somewhat,  I 
woold  recommend  some  form  of  structure  that  would  check  the  velocity  of  the  current 
and  cause  a  deposit  to  take  place,  which  would  deflect  the  water  in  the  desired  direc- 
tion. Either  the  ^'stifl-brush'' dike,  the  floating  dike  made  with  an  assemblage  of 
"  weeds,"  the  willow  or  the  wire  curtain,  might  be  used  for  this  as  the  occasion  might 
demand  and  expediency  suggest. 

From  our  successful  experience  upon  the  Missouri  Biver,  and  the  well-known  sedi- 


1470     REPORT   OF  THE   CHIEF   OF  ENGINEEBSy    U.   S.   ABICT. 

ment-bearing  character  of  the  Arkansas,  I  have  no  hesitanoj  in  lecommfinding  thtm 
methods. 

I  do  not  deem  it  necessary  at  this  time  to  go  into  a  detailed  estimate  of  the  cost  of 
works  of  this  character,  or  to  explain  with  much  minuteness  the  probable  effeet  thai 
they  will  produce. 

It  will  suffice  to  sav  that  all  our  experience  with  them  upon  the  Missonri  BlTer  hai 
been  eminently  satisfactory  both  as  regards  expense  and  results  attained. 

For  the  revetment  it  is  safe  to  estimate  that  $2.50  per  running  foot  of  shore-line  will 
be  sufficient,  and  for  the  floating  brush  dike  $1  per  running  foot. 

To  solve  the  problem  now  before  us,  I  do  not  think  that  at  present  we  need  so  hieher 
up  the  river  to  commence  our  work  than  about  4,000  feet  above  Cady  Place,  aluion^  at 
some  future  time  it  may  be  found  advisable  to  carry  the  work  into  the  bend  aboTe,  or 

r^rhaps  higher.  This  point  I  have  marked  A  upon  the  accompanying  map.  lYom  here 
would  recommend  a  continuous  revetment  downstream  for  about  18,000  feet  to  tiie 
point  marked  C.  This  would  prevent  the  further  erosion  of  the  upper  side  of  the  nar- 
row neck  where  the  cut-off  is  threatened,  and  hold  the  point  of  land  opposite  Pine  Blofll 
Between  B  and  C  I  would  interpose,  perhaps,  three  or  four  brush  diKee,  with  a  Tiew 
to  deflecting  the  current  to  the  opposite  shore  and  causine  it  to  erode  the  sand-bar 
that  is  there  found  and  increase  the  radius  of  curvature  of  the  bend  in  front  of  the 
town.  The  position  and  length  of  these  dikes  are  matters  to  be  determined  by  the  con- 
ditions existing  at  the  time  tneir  construction  can  be  commenced.  It  is  not  probable 
that  they  will  be  required  to  be  more  than  500  feet  in  length. 

In  the  bend,  as  it  will  be  formed  after  the  dikes  have  produced  their  effect,  about 
6,000  feet  of  the  bank  will  probably  need  revetting;  the  bank  in  the  immediate  i^ani 
of  the  town,  from  Brump's  Bayou  down  to  White's  Bayou,  a  distance  of  about  6,000  feet^ 
is  now  very  much  in  need  of  protection,  and  should  be  revetted  at  once.  Between  this 
and  the  lower  side  of  the  narrow  neck  where  the  cut-off  is  threatened  there  is  no  point 
that  needs  especial  attention  at  present. 

From  D  to  £,  a  distance  of  about  6,000  feet,  it  will  be  necessary  to  revet  the  bonk. 
This  I  should  put  as  the  limit  of  improvement  in  this  direction  at  present.  At  eome 
future  day,  when  the  general  problem  of  improving  the  river  throug;hout  its  whole 
extent  comes  up  for  solution,  the  propriety  of  extending  these  works  in  oLther  direo- 
tion  will  doubtless  receive  consideration. 

The  map  which  accompanies  this  report  is  a  reduced  copy  of  the  one  made  under 
your  directions  in  1H79,  by  your  assistant,  J.  H.  Curtis.  It  gives  a  clear  idea  of  the 
condition  of  the  river  at  that  time,  when  the  water  was  at  a  medium  low  stage. 
Changes  have  undoubtedly  taken  place  since,  and  will  continue  to  do  so  until  the  con- 
templated works  of  improvement  can  arrest  them.  These  may  necessit-ate  some  modi- 
fication in  the  proposed  plan,  which,  under  the  circumstances  of  the  case,  can  be  done 
to  the  best  advantage  when  the  work  is  about  to  be  commenced  and  as  it  advances. 

The  following  is  the  amount  that  1  estimate  will  be  required  for  carrying  out  the 
plan  of  improvement  above  proposed;  and  I  would  respectfully  suggest  the  propriety 
of  recommending  that  the  whole  amount  of  the  estimate  be  appropriated  at  once ;  other- 
wise the  money  and  time  lost  in  protecting  the  partially  completed  works  firom  de- 
struction by  the  river  during  the  intervals  when  funds  are  not  available  will  make 
the  ultimate  expense  far  exceed  the  present  estimate : 

For  revetting  36,000  feet  of  bank,  at  $2.50  per  foot f90,000 

For  constructing  2,000  feet  of  brush  dike,  at  $1  per  foot 2, 000 

For  sui)eriutendence  and  contingencies 8,000 

Total 100,000 

Respectfully  submitted. 

Thos.  H.  Handburt, 

Captain,  Carp9  of  JEngim^en, 
M%j.  Charles  R.  Suter, 

Corps  of  Engineer 8 f  U,  S,  A. 
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nOPBOYEMENT  OF  MISSOURI  EIYER  ABOVE  THE  MOUTH  OF  THE  YEL- 
LOWSTONE— ^IMPEOVEMENT  OF  YELLOWSTONE  EIYEE. 


MXPOBT  OF  LIEUTENANT  EDWARD  MAG U IRE,  CORPS  OF  ENGINEERS, 
OFFICER  IN  CHARGE,  FOR  THE  FISCAL  TEAR  ENDING  JUNE  30,  1880. 


United  States  Engineer  Office, 

Saint  Pauly  Minn.,  August  4, 1880. 

General  :  I  have  the  honor  to  forward  herewith  my  aunaal  reports 
for  the  fiscal  year  ending  June  30,  1880,  upon  the  works  of  river  im- 
provements in  my  charge. 

Very  respectfully,  your  obedient  servant, 

Edwd.  Maguire, 
First  Lieutenant^  Corps  of  Engineers. 

The  Chief  of  Engineers,  U.  S.  A. 


R  z. 

IMPBOVEMENT  OF  the  MISSOURI  RIVER  ABOVE  THE   MOUTH-  OF  THE 

YELLOWSTONE. 

The  work  of  improving  the  Missouri  Eiver  above  mouth  of  Yellow- 
stone may  now  be  considered  as  divided  into  two  distinct  branches,  viz : 
That  to  be  done  upon  the  river  above  the  Great  Falls,  and  tlie  continu- 
ance of  that  on  the  river  below  Benton. 

THE  WORK  BELOW  BENTON. 

On  the  3l8t  of  July,  1879,  a  force  consisting  of  two  assistant  engineers, 
two  recorders,  three  overseers,  one  suboverseer,  and  fifty-six  men  left 
Saint  Paul  for  the  scene  of  operations.  It  was  the  intention  to  start 
work  with  one  party  at  Ejpp's  liai)ids,  to  set  another  party  at  work  at 
Castle  Bluff  Eapids,  and  to  employ  a  third  in  dam-building  at  Grand 
Island. 

The  boat  which  carried  the  parties  left  Bismarck  August  2,  but  unfor- 
tanately,  having  been  heavily  loaded  and  the  river  having  suddenly 
foUen,  the  journey  was  a  very  slow  and  tedious  one.  Grand  Island  was 
reached  August  18,  and  one  overseer  and  twenty-one  men  were  put  off 
there.  On  the  morning  of  August  22  the  boat  ran  hard  aground  at  Bird's 
BapidS;  only  25  miles  above  Grand  Island.  It  was  found  necessary  to 
lighten  the  boat,  and  as  there  were  serious  doubts  as  to  the  j)ossibility 
of  leaching  Kipp's  Bapids,  the  party  destined  for  the  latter  place,  con- 
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sisting  of  Assistant  Engineer  Wood,  one  recorder,  one  overseer,  and 
thirteen  men  remained  at  Bird's  Eapids. 

The  boat  was  disabled  below  Dauphin's,  and  did  not  arrive  at  those 
rapids  until  August  20.  The  necessary  preparations  in  the  way  of  caulk- 
ing and  repairing  the  boats  were  made  and  work  commenced  August  29. 

The  dam  at  Dauphin's  had  been  somewhat  injured  by  the  ice.  The  ne- 
cessary repairs  were  made  and  the  party  moved  to  Castle  Bluff  Kapids, 
3^  miles  below,  on  September  4.  To  this  dam  1C8  cubic  yards  of  stone 
were  added  and  140  cubic  yards,  which  had  be^n  rolled  below  the  dam 
by  ice,  were  replaced. 

At  the  foot  of  a  gravel  bar,  ^  mile  above  Castle  Bluff,  71  cubic  yards 
of  rock  were  taken  out.    The  work  required  thirty-one  blasts. 

At  Castle  Bluff  Rapids  a  channel  100  feet  in  width  was  cleared.  With 
the  aid  of  149  blasts  388  cubic  yards  of  rock  were  taken  out.  The  work 
at  this  place  was  completed  October  0,  and  the  party  moved  to  the  lower 
reef  at  Chimney  Bend,  2  J  miles  below.  At  this  i)lace  there  was  1^  miles 
of  "bad  river."  There  are  essentially  two  distinct  reefs  ^  mile  apart. 
The  lower  reef  was  one  of  the  worst  places  on  the  river. 

The  camp  was  moved  to  the  upper  reef  October  18,  and  there  remained 
until  the  close  of  the  season.  At  the  two  reefs  318  cubic  yards  of  rock* 
were  removed,  requiring  203  blasts. 

The  party  at  Bird's  liapids  was  occupied  in  building  the  requisite 
boats  until  September  10,  on  which  date  the  actual  work  was  com- 
menced. At  the  head  of  these  rapids  is  a  gravel  bar  with  only  2^  feet 
for  a  length  of  200  feet.  It  will  be  necessary  hereafter  to  build  a  dam 
out  from  the  right  bank.  Below  this  bar  for  a  distance  of  2,300  feet 
there  is  a  depth  of  from  3J  to  5J  feet.  A  100-foot  channel  was  cleared 
through  this  portion.  At  the  foot  of  the  rapids  the  water  is  from  4  to 
12  feet  deep.  The  obstructions  here  were  3  points  of  a  ledge,  over  which 
there  was  from  8  inches  to  3  feet  of  water.  The  first  point  was  8  feet  by 
14  feet,  surrounded  by  water  8  feet  deep.  In  it  five  holes,  5  feet  below 
water  surface,  were  drilled  and  the  blasts  procured  the  required  depth 
of  water  over  it.  The  second  point  was  15  feet  by  30  feet,  with  a  sur- 
rounding depth  of  water  of  from  4  to  9  feet.  In  it  seventeen  holes,  with 
a  total  of  52  feet  depth,  were  drilled.  The  bottom  of  the  holes  were  4J 
feet  below  water  surface.  The  blasts  broke  it  up  but  did  not  clear  it 
away  and  the  grabs  had  to  be  used.  The  third  point  was  12  feet  by  28 
feet,  with  a  surrounding  depth  of  water  of  from  5  to  9  feet.  Twenty- 
four  pounds  of  No.  1  dynamite,  exploded  in  seventeeu  holes  5  feet  below 
water  suiface,  cleared  away  the  rock.  These  three  rocks  lay  within  an 
area  of  70  feet  square.  Their  removal  has  secured  a  good  channel  at 
what  was  one  of  the  most  dangerous  places  on  the  river.  By  these 
blasts  63  cubic  yards  of  rock  i)rqjecting  above  the  3-foot  level  were 
blown  down.  The  grabs  removed  114  cubic  yards.  The  work  was  com- 
pleted at  this  place  and  operations  commenced  at  Cabin  Rapids,  1^  mile 
above,  October  8.  At  the  latter  place  there  were  only  a  few  large 
bowlders,  24  cubic  yards  in  all,  lying  in  from  3i  to  5^  feet  of  water. 
They  were  removed  and  work  commenced  at  Magi)fe  Eapids  October  14. 
The  water  at  the  latter  phure  is  from  5  to  7  feet  deep,  and  it  was  neces- 
sary to  remove  only  the  larger  rocks.  This  was  done  over  a  channel 
length  of  3,000  feet.    The  number  of  cubic  yards  taken  out  was  131J. 

On  October  23  the  paity  moved  to  Lone  Pine  Eapids  and  removed  23 
cubic  yards  of  rocks. 

On  October  25  the  party  moved  to  the  foot  of  Chimney  Bend  and 
worked  for  4  days  on  the  lower  reef. 

At  Grand  Island  the  ice  gorged  on  the  dam  built  in  1878  and  carried 
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away  110  feet  of  the  island  end.  To  repair  the  damage,  431  cubic  yards 
of  stone  and  806  fascines  were  required. 

A  wing-dam  950  feet  long,  (jontaining  378  cubic  yards  of  stone,  was 
built  from  the  point  above  Grand  Island. 

The  chute  at  Hammond's  Island  was  closed  by  dam  245  feet  long,  con- 
taining 262  cubic  yards  of  stone  and  580  fascines. 

A  spur-dam  350  feet  long,  containing  218  cul)ic  yards  of  stone  and  475 
jGEisciues,  was  built  from  the  foot  of  Grand  Ishmd  to  a  gravel  bar  below. 
This  work  was  finished  October  15,  and  the  pai-ty  moved  to  Cow  Island 
October  16,  where  it  remained  until  October  24  repairing  and  strength- 
ening the  dams. 

Two  hundred  and  twenty-eight  cubic  yards  of  stone  were  placed  on 
tiie  upper  and  middle  dams.  The  party  moved  to  Chimney  Bend  on 
October  24. 

The  total  amount  of  work  done  was  as  follows : 

Kmnber  cable  yards  rocks  taken  out l,064i 

Nomber  of  blasts 493 

Tlie  above  does  not  include  the  63  cubic  yards  blown  down  at  Birds 
Bapids,  and  there  were  other  blasts  of  the  results  of  which  no  account 
could  be  kept  in  terms  of  cubic  yards. 

Nnmber  cubie  yards  stone  placed  in  dams 1,825 

Number  fascines  placed  in  dams 1, 861 

A  survey  of  the  river  from  Dauphin's  to  Bird's  Kapids  was  made  dur- 
ing the  season  of  very  low-water. 

The  work  has  been  plotted.  A  map  showing  the  improved  portions 
of  the  river  has  been  photolithographod.  * 

The  work  of  the  coming  season  will  consist  in  building  a  wing-dam  at 
the  bar  2  miles  below  Dauphiu's,  in  closing  the  riglit  chut^  at  Snake 
Point,  3  miles  above  Cow  Island,  and  in  clearing  the  channel  at  Island 
Bapids,  Bear's  Bapids,  and  Gallatin  Rapids.  Assistant  Engineer  Ste- 
Tcns  will  have  charge  of  this  portion  of  the  work. 

In  March  last  I  submitted  to  the  Chief  of  Engineers  a  special  report 
iiI>on  the  improvement  of  the  river  above  the  Great  Falls.  Last  Septem- 
ber I  made  a  cursory  examination  of  the  river  by  descending  it  in  a 
mackinac,  but  I  was  subsequently^  authorized  to  have  a  detailed  survey 
made;  and  the  accurate  information  thus  obtained  has  led  me  to  modify 
somewhat  my  opinions. 

The  party  engaged  upon  the  survey  consisted  of  three  assistant  engi- 
neers and  twelve  men.  The  work  was  commenced  at  Stubbs  Ferry,  12 
miles  from  Helena,  Apiil  9 ;  and  completed  to  the  mouth  of  Sun  Eiver 
May  28. 

The  men  were  discharged  in  Helena  May  31.  Messrs.  Stevens  and 
Wood,  assistant  engineers,  anived  in  Saint  Paul  June  13. 

Owing  to  the  fact  that  preparations  and  estimates  for  the  coming 
season's  work  had  to  be  made  the  mai)8  of  the  river  ab(»ve  the  falls  are 
not  complete.  I,  however,  forward  herewith  tracing  of  Bear's  Teeth 
Ibipids,  Bear's  Teeth  Shoal,  and  Lone  Pine  or  Half-Breed  Rapids. 

The  amount  of  work  ac(Jomi)lislied  was  as  follows : 

Number  of  miles  of  ri  vcr IJU.  3 

Number  of  roilcH  (lev<*lope(l  shore  lino 355. 75 

Namber  of  Hues  souiidod 3, 395 

Number  of  sonndings  taken 43, 146 

There  were  37J  workings  days,  giving  an  average  daily  progress  of 
3.52  miles. 

The  river  bed  is  of  gravel,  the  banks  are  stable,  and  the  shoals,  as  a 
role,  are  not  bad  or  of  frequent  occurrence.    The  greatest  hinderance  to 
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its  easy  navigation  is  the  rapidity  of  the  current  on  the  rapids.    The 
swiftest  current  observed  was  5  miles  an  hour. 

The  slope  of  the  river  from  Stubbs  Ferry  to  the  foot  of  Bear's  Teeth 
Shoal  is  4.05  feet  per  mile ;  from  the  foot  of  Bear's  Teeth  Shoal  to  Gib- 
son's Ferry  it  is  3.54  feet  per  mile.  The  most  excessive  slopes  are  at 
Bear's  Teeth  Eapids,  Beai^s  Teeth  Shoal,  and  Lone  Pine  Rapids,  being, 
respectively,  for  J  mile,  20.4  feet  per  mile ;  for  f  mile,  12.36  feet  per  mile; 
and  for  J  mile,  18.35  feet  per  mile.  1  use  the  name  Lone  Pine  Bapids 
instead  of  Half-Breed  Ea])ids,  for  the  reason  that  the  former  is  the  old 
Lewis  and  Clark  name,  and  I  can  see  no  good  reason  why  Eoberts  should 
have  changed  it. 

Accepting  the  water  of  Ai>ril  21.  the  lowest  water  observed,  as  low- 
water,  there  are  but  three  i>laces  or  a  less  dei)th  than  2 J  feet.  W  these 
the  most  important  is  Bear's  Teeth  Shoal.  Here,  as  will  be  seen  by  the 
tracing,  the  river  is  divided  by  two  islands.  The  bottom  is  of  gravel  and 
of  stones  from  4  to  12  inches  in  diameter.  The  width  of  the  main  chan- 
nel is  500  feet.  The  soundings  show  a  channel  depth  near  the  head  of 
the  lower  island  of  2  feet.  From  about  the  middle  point  of  the  island, 
towards  the  foot,  nature  has  contracted  the  stream  and  a  good  depth  is 
found. 

Bear's  Teeth  Rapids  has  a  crooked  3-foot  channel  choked  with  rocks. 

Lone  Pine  Rapids  is  a  very  dangerous  place.  An  island  divides  the 
river.  At  the  foot  of  this  island  2  reefs  make  from  the  opposite  banks, 
overlapping  in  the  channel. 

From  Gibson's  Ferry  to  Sun  River,  the  Missouri,  for  the  purpose  of 
such  navigalion  as  can  be  accommodated  by  the  river  above,  is  all  that 
can  be  desired.  The  slope,  nearly  uniform,  is  only  0.56  foot  per  mile: 
the  current  is  sluggish,  and  the  channel  is  free  from  snags,  rocks,  and 
sand  bars. 

At  a  point  -^  mile  below  Sun  River,  where  the  survey  terminated,  a 
series  of  falls  commence,  and  this  point  is  the  foot  of  navigation  on  the 
Missouri  River  above  the  Great  Falls. 

Assistant  Engineer  Wood,  with  one  overseer  and  one  laborer,  will 
leave  Saint  Paul  for  Helena  on  the  20th  instant.  A  party  will  be  organ- 
ized in  Helena,  where,  also,  the  lumber  and  subsistence  supplies  will  be 
purchased.  Most  of  the  material  will  be  taken  from  the  depot  at  Chim- 
ney Bend. 

Work  will  be  commenced  at  Bear's  Teeth  Shoal,  where  the  party  will 
construct  the  necessary  dams.  That  work  com])leted,  the  rocks  will  be 
removed  from  Bear's  Teeth  Rapids,  and  at  the  close  of  operations  there 
the  party  will  proceed  to  Lone  Pine  Rapids.  It  is  expected  that  this 
work  will  be  carried  on  until  December  next. 

In  referring  to  the  assistant  engineers  it  is  only  necessary  to  state  that 
Mr.  H.  E.  Stevens  brought  his  accustomed  energy  and  ability  to  bete 
upon  the  work  both  in  field  and  office,  and  that  cre<lit  is  due  Mr.  W.  H. 
Wood  for  bis  close  attention  to  and  good  execution  of  the  work  assigned 
to  him. 

Money  statement 

July  1,  1879,  amoiiut  available |52,279  62 

Amouut  appropriated  by  act  approved  June  14,  1880 25,000  00 

$77,279  62 

July  1,  1880,  amouut  expended  during  fiscal  year 30, 389  15 

July  1,  1880,  outstanding  liabilities 338  59 

30,727  74 

July  1,  1880,  amount  available    ^...     46,55188 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1882.  150, 000  00 
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R  a. 

IMPROVEMENT  OF  YELLOWSTONE  RIVER,  MONTANA  AND  DAKOTA. 

TTnder  date  of  December  11,  1879,  I  forwarded  a  special  report  upon 
the  improvenieDt  of  the  Yellowstone  River.  That  rei)ort  coiitaiued 
nearlv  all  the  information  to  be  submitted. 

The  office  work  consisted  in  the  plotting  of  the  season's  work  and  in 
making  the  necessary  estimates  for  the  present  season. 

Assistant  Engineer  Towar,  with  one  party,  will  be  sent  to  Buffalo 
Bapids  to  complete  the  improvements  at  that  point. 

Assista^nt  Engineer  Durage  will  be  sent  with  another  party  to  Baker's 
Bapids  to  remove  the  obstructions,  and  thence  to  Wolf  Rapids  to  clear 
the  channel  at  that  point. 

My  thanks  are  due  to  Mr.  F.  M.  Towar,  assistant  engineer,  for  the  ex- 
cellent work  done  by  him  during  the  season. 

Money  statement. 

Julyly  1879,  amount  avaUable $25,000  00 

Amoant  appropriated  by  act  approved  June  14,  1880 15, 000  00 

$40,000  00 

July  1,  1880,  amount  expended  during  fiscal  year 10, 40:{  87 

July  1,  1880,  out-standing  liabilities 173  00 

10, 576  87 

Jnlyl,  1880,  amount  available 29,423  13 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  100, 000  00 


R3. 

SURVEY  OF  THE  YELLOWSTONE  RIVER. 

Under  date  of  July  1, 1879, 1  submitted  a  report  upon  the  survey  of 
the  Yellowstone  River.  In  that  report  the  nature  of  the  river  and  its 
Talae  as  a  line  of  coinmuuication  and  transportation  were  discussed. 
There  is  but  little  more  to  report  upon  these  points.  The  settlements 
have  increased  in  number,  and  the  shix)meuts  of  i>rivate  freight  have  in- 
creased in  value  and  amount. 

As  there  was  no  provision  made  for  a  continuance  of  the  survey  during 
the  present  fiscal  year,  a  report  of  the  work  done  during  the  two  seasons 
of  1878  and  1879  is  submitted. 

The  sum  of  $15,000  of  the  amount  appropi  iated  for  examinations,  sur- 
veys, and  contingencies  of  rivers  and  harbors  by  the  act  of  June  18, 1878, 
was  made  available  for  the  survey.  Two  parties,  each  consisting  of  two 
transit  men,  one  leveler,  one  recorder,  and  fourteen  men,  were  placed  in 
the  field  September  6,  1878,  and  remained  at  work  until  October  27. 
One  party  commenced  work  at  Fort  Keogh,  and  the  other  near  the 
moath  of  Powder  Kiver.  Tbe  total  number  of  days  of  surveying  work 
was  33,  and  the  work  accomplished  in  that  time  was — 

MUes  of  river 145^ 

Miles  of  developed  sliore  line b^Zi 

Nomber  of  soundiugs 59, 731 

Number  of  souudiiig  lines    3,056 

Nnuberof  sets  of  azimuth  observations 24 

Namber  of  sets  of  gaugings 3 

On  November  5  all  of  the  men,  with  the  exception  of  three  assistant 
engineers,  were  discharged.    The  latter  were  retained  until  the  close  of 
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the  fiscal  year  to  plot  the  season's  work.  A  map  of  the  river  in  42 
sheets,  on  a  scale  of  ^^Vo?  with  index  sheet,  was  forwarded  to  the  Chief 
of  Engineers  and  photolithographed.  A  map  in  16  sheets  on  a  scale  of 
YsW  was  made  for  use  in  this  oflRce. 

The  sum  of  $4,000  of  the  amount  appropriated  by  the  act  of  March  3, 
1879,  was  made  available  for  continuing  the  survey. 

On  July  31,  1879,  a  party,  consisting  of  Assistant  Engineer  Lightner, 
one  leveler,  and  nine  men,  left  Saint  Paul  for  Terry's  Landing,  where  it 
arrived  August  11.  The  field  work  was  commenced  August  15,  and  con- 
tinued until  October  15  with  little  interruption,  the  weather  having 
proved  favorable  to  the  progress  of  the  work. 

There  were  51  actual  working  days,  in  which  time  the  following  work 
was  accomplished : 

Miles  of  river 111.  2 

Miles  of  developed  shore  line 383 

Number  of  soimding  lines 1,656 

Number  of  soundings 30,331 

Number  of  sets  of  azimuth  observations 14 

Number  of  sets  of  gaugings 3 

The  azimuth  was  canied  from  station  to  station  by  both  chain  and 
stadia  lines.  The  stadia  work,  which  was  plotted  in  the  field,  was  closely 
checked  by  the  chain  line.  The  level  line  Was  run  close  to  the  edge  of 
the  water,  and  the  level  of  the  water  surface  taken  at  points  about  700 
feet  apart. 

The  stretch  of  river  surveyed  during  1879  extends  from  Junction  City 
(a  small  village  1  mile  above  Terry's  Landing)  to  Fort  Keogh,  and  the 
connection  with  the  previous  season's  work  was  made  at  this  latter  point. 

The  men,  with  the  excei)tion  of  Assistant  Engineer  Lightner,  were 
discharged  in  Saint  Paul  October  26.  The  latter  was  retained  until 
April  15,  when  the  api)ropriation  having  become  exhausted  he  was  die- 
charged. 

The  office  work  during  the  year  consisted  of  the  necessary  computa- 
tions and  plotting.  A  map  of  the  river  in  31  sheets  on  a  scale  of  f-^(niy 
with  index  sheet,  is  forwarded  herewith.  A  map  in  10  sheets  on  a  scale 
of  4iiV&  ^^^  use  in  this  office  is  in  progress,  and  is  nearly  completed. 

During  the  two  seasons  the  following  work  has  been  accomplished : 

Miles  of  river  surveyed 256.45 

Mileii  of  developed  shore  line 910 

Number  of  sounding  lines 4,712 

Number  of  soundings 90,062 

Number  of  sets  of  azimuth  observations 38 

Number  of  sets  of  gaugings 6 

Daily  progress  of  miles  of  river 3. 06 

The  following  are  the  results  of  the  gauging : 


Discharge,  locality,  and  date. 


Month  of  Big  Horn,  August,  1879  (Big  Horn,  5,865;  Tello^mtane,  7,471) 

At  Fort  Keogh,  Sj^ptember,  1878 

At  Fort  Keogh,  October,  1879 

At  Woll  Rapids,  S<ptember,  1878 

At  Diamonrt  Island,  October,  1878 
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The  following  table  gives  the  distances,  fall,  and  rate  of  fall  per  mile 
of  the  Yellowstone : 


Sketch  of  river. 


is 


3D 


Janotion  City  to  luoutli  of  Riir  Horn  River 

Mouth  of  Big  Horn  to  hiMul  ofshoal  below  £t€hetali 

Thence  to  foot  of  shoal  below  Etchetati 

Thence  to  head  of  ThouBuud  Ih1«>h  SUohIh 

Thence  to  foot  of  ThouHiind  I»l<?8  Shoaln 

Thence  to  head  of  Eurl'H  Rapids 

Thence  to  foot  of  Karl'rt  Rapidd 

Thence  to  head  of  shoal  below  Allston's  llsinehe 

Thence  to  foot  of  Hhoal  below  AllHtou'H  Ranche 

Thence  to  head  of  nhoal  below  Alkali  Cre<'k 

Thenoe  to  foot  of  Hhoal  below  Alkali  Cr<>ek 

Thence  to  head  of  ahoal  above  mouth  of  Froze- to- Death  Creek 

Thenco  to  foot  of  Hhoal  above  mouth  of  Froze-to- Death  Creek 

Thenoe  to  head  of  Hhoal  at  Froze-to- De-ath  Creek  Station 

Thence  to  head  of  Roaebud  Isbind 

Thence  to  foot  of  Rosebud  Inlaud 

Thenoe  to  foot  of  Brisbur'a  Inland 

Thenoe  to  he^d  of  Avenue  Inland  Shoals 

Thenoe  to  foot  of  Avenue  Island  Shoals 

Thence  to  head  of  first  shoal  below  Bic  Porcupine  Creek 

Thenoe  to  foot  of  first  shoal  below  Bijr  Porcupine  Creek 

Thenoe  to  head  of  necond  shoal  below  Big  Porcupine  Creek 

Thenoe  to  foot  of  second  shoal  below  Big  Porcupine  Creek 

Thenoe  to  head  of  third  shoal  below  Big  Porcupine  Creek 

Thenoe  to  foot  of  third  shoal  Ixdow  Big  Porcupine  Creek 

Thenoe  to  head  of  shoal  opposite  to  Basket  Butte 

Thence  to  foot  of  shoal  opposite  to  Basket  Butte 

Thenoe  to  head  of  island  auove  Rosebud  telegraph  station 

Thence  to  foot  of  shoal  near  Ash  Creek 

Thenoe  to  head  of  shoal  below  RoHebud  telegraph  station 

Thenoe  to  ff>ot  of  shoal  bidow  Rosebud  telegrapn  station 

Thence  to  head  of  shoal  and  rapids  below  Rosebud  Creek 

Thenoe  to  foot  of  shoal  and  rapids  below  Rosebud  Creek 

Thenoe  to  head  of  shoal  above  Sand  Creek 

Thenoe  to  foot  of  shonl  alK)ve  Sand  Creek    

Thenoe  to  head  of  first  shoal  below  Sand  Creek 

Thenoe  to  foot  of  first  shoal  lielow  Sand(?reek 

Thenoe  to  head  of  second  shoal  below  Sand  Creek 

Thenee  to  foot  of  second  shoal  below  Sand  Creek   

Thenoe  to  head  of  shoals  and  rapids  above  Custer  Bluffs 

Thenoe  to  foot  of  shoals  and  rapids  above  Custer  Bluffs 

Thenoe  to  h^ul  of  shoal  at  Benteen's  Island   

Thenoe  to  foot  of  shoal  at  Benteen's  Island  

Thcnee  to  head  of  shoal  at  Kellogg's  Creek 

Thenoe  to  foot  of  shoal  at  Kellogg's  Creek 

Thenoe  to  head  of  shoal  above  t^-legraph  crossing  above  Fort  Keogh 
Thenoe  to  foot  of  shoal  above  telegra]>h  crossing  al)ove  Fort  Keogh  . 

Thence  to  head  of  shoal  at  ferry  crossing  at  Fort  Keogh 

Thenoe  to  foot  of  shoal  at  ferry  crossing  at  Fort  Keogh    

Tbenee  to  old  ferry  crossing  above  mouth  of  Tongue  River 

Thence  to  ferry  at  Keogh  U^  head  of  Buffalo  Rapids   

Thenoe  from  hoaii  of  Buffalo  Rapids  to  foot  of  Buffalo  Rapids 

Thenoe  from  foot  of  Buffalo  Rapids  to  Ii(«d  of  Baker's  Raidds 

Thenoe  ftnm  head  of  Baker's  Rapids  to  foot  of  Baker's  liapids 

Thenoe  from  foot  of  Baker's  Rapid  to  head  of  Wolf  Rapids 

Thenoe  ftam  head  of  Wolf  Rapids  to  foot  of  Wolf  Rapids 

Thence  from  foot  of  Wolf  Rapids  to  head  <>f  McEwen  s  Rapids 


Thence  tram,  head  of  M<rEwen's  Rapids  to  foot  of  McEwen's  Rapids.  — 
Thence  fW>m  foot  of  McEwi-n's  Rjtpids  to  HOO  feet  1h>1ow  he^l  of  White 

8«nd  Rapids 

Thence  from  aoo  feet  below  hi^ad  of  White  Sand  Rapids  to  foot  of  White  ; 

Sand  Rapids  

Thenoe  fh>m  foot  of  White  Sand  Riidds  to  head  of  De  Russy's  Rapids 

Thence  from  head  of  De  Russv's  Rapids  to  foot  of  De  Russy's  Rapids    . . . 
Thenoe  fW>m  foot  of  De  RuHsy's  Rai)ids  to  <J3U  feet  below  liead  or  Walk- 
er's Island  Shool 

Thence  from  030  feet  below  bead  of  Walker's  Island  Slioal  to  foot  of 

Wftlker's  Island  Shonl  

Thenoe  from  foot  of  Walker's  Islaiid  Shoal  to  heMl  of  Monroe  Rapids i 

Thenre  from  head  of  Monroe  Rapids  to  foot  of  Monroe  Rapids ' 

Thenoe  fh>m  foot  of  Moimx'!  Kapids  to  head  of  Keno's  Bend 

Tbenc^  from  hea<l  of  Reno's  Bend  to  foot  of  R<>no's  Bend I 

Tbenee  from  foot  of  Reno's  B<'nd  to  hea<l  of  IkM'f  Slough 

Theaee  from  head  of  Beef  Slough  to  foot  of  Ikef  Slougli 

Tbenee  from  foot  of  Beef  Slough  to  foot  (»f  Diamond  Island 
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R  4. 
EXAMINATION  AND  SURVEY  OF  CHEYENNE  RIVER. 

The  Cheyenne  Eiver  has  two  main  branches,  the  South  Fork  and  the 
North  Fork  or  Belle  Fourche.  These  streams  have  their  sources  west 
of,  and  inclose,  the  territory  known  as  the  Black  Hills.  The  former 
drains  the  south\*estern,  southern,  and  southeastern;  the  latter,  the 
northwestern,  northern,  and  northeastern  slopes  of  the  hills.  Warren 
says :  "  These  forks  are  supplied  by  numerous  streams  from  the  mount- 
ains, and  they  unite  in  about  longitude  102°  20',  the  river  flowing  into 
the  Missouri  in  latitude  44P  48'." 

The  Belle  Fourche,  at  the  crossing  of  the  Bismarck  and  Fort  Meade 
stage  route  is  a  swift,  clear  stream  about  1  foot  in  depth  and  with  a 
gravel  bed. 

Kaynolds  crossed  the  same  stream  at  another  point,  and  describes  it 
as  foUows : 

The  river  here  is  a  clear,  beautiful  stream  about  30  yards  in  width  and  2  feet  deep, 
flowing  over  a  stony  or  gravel  bottom. 

Ludlow  refers  to  his  two  crossings  of  the  stream  as  follows: 

The  Belle  Fourche  or  North  Fork  of  the  Cheyenne  has  a  rapid  current  in  a  shaly  bed 
30  feet  to  50  feet  wide  and  from  1  foot  to  4  feet  deep.  We  found  the  Bene  Fourche 
where  crossed,  to  be  a  rapid  stream  in  a  shaly  and  gravelly  bed  80  feet  wide  and  a  foot 
deep. 

In  reference  to  the  South  Fork,  Ludlow  describes  the  river  at  the  point 
where  he  struck  it,  100  miles  south  of  Madden's  Crossing,  as  follows : 

We  found  it  a  shallow  stream,  with  a  flat  stony  and  sandy  bed  about  30  feet  wide 
and  5  inches  deep,  though  evidently  much  broader  in  wet  seasons. 

•  The  South  Fork,  from  Madden's  Crossing  (25  miles  south  of  the  con- 
fluence to  its  junction  with  the  Belle  Fourche),  is,  with  the  exception  of 
a  few  rapids,  a  lazily -running  stream  with  an  average  depth  of  18  inches. 
The  water  is  muddy  and  the  bed  sandy. 

At  the  junction  the  Belle  Fourche  runs  slowly,  with  a  deep  channel, 
the  South  Fork  shooting  down  over  rapids.  The  water  of  the  latter  is 
muddy  and  alkaline,  that  of  the  former  clear,  saline,  and  of  a  pale  green 
color.  They  each  discharge  about  the  same  quantity  of  water.  From 
the  "  forks"  to  its  mouth  the  Cheyenne  presents  the  usual  character- 
istics of  the  Northwestern  rivers.  Its  course  is  tortuous,  impinging  on 
steep  bluffs  alternately  on  the  right  an<l  left.  The  bottom-lands  vaiy 
in  length  from  3  to  10  miles,  the  greatest  width  being  1^  miles.  It  is 
exceptional  to  find  "  the  bench,"  the  bottom  lands  extending  generally 
to  the  base  of  the  prairie  bluffs.  The  banks  are  lined  with  willows  for 
a  width  of  about  100  to  200  feet,  backed  by  heavy  timber  interspersed 
with  brush  and  beny  and  i)lum  bushes.  From  the  outskirts  of  the  tim- 
ber to  the  bluffs  the  open  bottoms  are  clothed  with  fine  grass. 

The  high-water  bed  is  from  400  to  1,200  feet  wide.  The  stream,  at 
low- water  stage,  is  from  100  to  130  feet  broad.  Near  its  mouth  it  attains 
a  width  of  from  180  to  200  feet.  The  average  depth  of  the  channel  is 
2.5,  but  for  a  width  of  only  15  to  20  feet.  Many  rocky  bars  are  encoun- 
tered with  a  depth  of  only  0  to  8  inches,  and  a  fall  of  2  to  3  feet  in 
a  hundred.  At  the  lower  end  snags  are  to  be  found  in  places  obstruct- 
ing the  channel.  Tliere  are  many  high  water  islands,  but  only  two  low- 
water  islands.  One  of  the  latter  is  only  about  500  feet  long  and  60  to 
70  feet  wide;  the  other  is  about  a  mile  long  and  of  1,800  feet  greatest 
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width.  The  main  channel  at  this  island  is  from  50  to  60  feet  wide,  and 
at  the  upper  end  of  the  island  2  feet  deep. 

The  average  velocity  of  the  current  at  low-water  stage  is,  exclusive  of 
rapids,  about  2  inches  per  hour. 

The  bed  is  gravelly.  At  only  a  few  points,  the  forks  and  at  the 
mouths  of  creeks,  is  mud  to  be  found.  At  the  water's  edge  the  banks 
4Bure  sandy. 

Excessive  floods  would  ai)pear  to  be  exce])tional,  but  few  ])laces  show- 
ing signs  of  the  stream  having  overstepped  its  boundaries  and  en- 
croached upon  the  bottom.  Usually  the  floods  due  to  melting  masses 
of  snow  in  the  Black  Hills  commence  about  April  and  last  about  two 
months. 

In  1878  the  flood  commenced  about  April  24,  and  the  stream  rose  and 
fell  alternately  for  about  four  months.  Another  small  rise  occurred  at 
the  end  of  September  of  the  same  year.  Indians  have  seen  the  stream 
at  a  stage  when  the  water  extended  from  bluflt*  to  bluff.  The  average 
depth  at  high- water  stage  is  about  10  to  12  feet. 

Of  the  twenty-eight  creeks  tributary  to  the  Cheyenne  only  ten  dis- 
chaged  water  at  the  time  the  survey  was  made,  and  these  supplied  but 
a  small  amount.  All  of  the  streams  are  strongly  alkaline.  The  bottoms 
are  fertile  and  well  adapted  to  agricultural  purposes.  The  region  is  well 
atocked  with  game  of  many  varieties. 

HISTORY  OF  THE  WORK. 

The  river  and  harbor  act  approved  March  3, 1879,  provided  for  an  ex- 
amination or  survey  of  the  Glieyenne  River.  Having  been  placed  in 
charge  of  the  work  a  project  was  submitted  to  the  Chief  of  Engineers, 
and  upon  its  approval  the  sum  of  $1,000  was  made  available  for  the  pur- 

p086« 

A  party,  consisting  of  one  assistant  engineer,  one  recorder,  and  two 
laborers,  was  sent  from  Saint  Paul  August  20, 1879,  to  Fort  Meade,  Da- 
kota Territory;  Capt.  Leslie  Smith's  Company  of  the  First  Infantry  was 
detailed  as  escort.  The  necessary  subsistence  supplies  having  been 
porchased  and  the  outfit  obtained  from  the  post  quartermaster  of  Fort 
Meade,  the  party  started  for  Madden's  Crossing  August  28,  1879,  arriv- 
ing there  August  28,  having  traveled  a  distance  of  66.16  miles.  The 
forks  were  reached  August  30.  The  detailed  survey  was  commenced 
at  this  point  on  September  1  and  finished  September  15.  The  work  was 
done  by  stadia  readings  checked  by  azimuth  and  sextant  observations. 
The  levels  were  computed  from  aneroid  barometer  readings.  In  addi- 
tion, odometers  were  attached  to  the  escort  wagon  which  traveled  in  the 
bottom-lands.  I  would  here  state  that  great  credit  is  due  Mr.  J.  J. 
Darage,  assistant  engineer,  for  the  excellent  and  rapid  work  which  he 
accomplished  in  the  face  of  many  hardships  and  difficulties.  The  party 
worked  on  an  average  18  hours  out  of  every  24. 

The  following  is  a  summary  of  the  work  done : 

Number  of  Unes  sounded 2, 130 

Number  of  sonnd in g8  taken 16,680 

Miles  of  river  sun-eyed 115.72 

MIleB  of  developed  shore  line 287. 44 

Average  daily  progress  in  miles 7.7 

Nmnberof  azimuth  stations 13 

Fall  in  feet  from  forks  to  mouth 715 

Discharge  in  cubic  feet  per  second 375. 11 

The  party  amved  in  Saint  Paid  Se])tember  23,  when  all  were  discharged 
wiUi  the  exception  of  the  assistant  engineer,  who  was  retained  to  plot 
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the  notes  until  ^November  22,  wlien  the  appropriation  having  become  ex- 
hausted he  was  discharged.  He  enlisted  as  topographical  assistant  at 
headquarters  Department  Dakota  and  continued  the  work  on  the  maps^ 
but  owing  to  the  many  interruptions  due  to  calls  for  department  work 
the  maps  are  not  yet  finished.  I,  however,  forward  herewith  tracings  of 
11  characteristic  sketches  of  the  stream  with  cross-sectibns. 

Upon  inspection  of  these  cross-sections,  it  will  be  seen  that  there  is 
hardly  a  row-boat  stage  of  water,  to  say  nothing  of  steamboats. 

It  IS  my  opinion  that  the  Big  Cheyenne  must  be  classed  as  a  creek 
and  not  as  a  river ;  that  it  is  not  navigable  and  that  any  attempt  to 
render  it  so  would  prove  to  be  an  experiment  so  costly  that  the  benefits 
to  be  derived  would  be  wholly  incommensurate  with  the  outlay. 

I  have  learned  casually  that  two  railroads  are  now  being  poshed  to- 
wards the  Black  Hills.  I  can  learn  nothing  definite,  as  the  authorities 
of  the  roads  are  very  reticent,  but  it  is  a  well-understood  fact  that  the 
Black  Hills  will  soon  be  connected  with  the  East  by  rail  communication^ 
and  the  Cheyenne  could  never  compete  for  the  transportation. 

Therefore  I  would  respectfully  recommend  that  no  appropriation  for 
improving  the  Big  Cheyenue  Eiver  be  asked  for. 

My  thanks  are  due  to  Capt.  Leslie  Smith,  First  Infantry,  now  major^ 
Second  Infantry,  for  his  assistance  and  courtsey. 
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IMPBOVEMENT  OF  THE  NAVIGATION  OF  THE  MISSISSIPPI  BIVEB  BE- 
TWEEN SAINT  PAUL  AND  THE  MOUTH  OF  THE  ILLINOIS,  INCLUDINa 
IMPBOVEMENTS  AT  SPECIAL  LOCALITIES  BETWEEN  THOSE  POINTS — 
IMPBOVEMENT  OF  GALENA  BIVEB  AND  HABBOB,  ILLINOIS — ^IM- 
PBOVEMENT OF  CUIVBE  BIVEB,  MISSOUBI. 


report  of  captain  alexander  mackenzie,  corps  of  engineers, 
officer  in  charge,  for  the  fiscal  year  ending  june  30,  1880, 
with  other  documents  relating  to  the  works. 

United  States  Engineeb  Office, 

Eock  Island,  III.,  July  7,  1880. 

Oenebal  :  I  have  the  honor  to  transmit  herewith  the  annual  reports 
of  operations  under  my  charge  during  the  fiscal  year  ending  June  30. 
1880. 

Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  Engineebs,  U.  S.  A. 


Captain  of  Engineers. 


Si, 

OPEBATIONS  of  snag-boat   in   improvement   of   UPPEB  MISSISSIPPI 

BIVEB. 

Under  this  head  of  appropriation  is  operated  the  snag  and  dredge  boat 
Cteneral  Barnard,  whose  district  extends  from  Saint  Paul  to  the  mouth 
of  Missouri  Eiver,  a  distance  of  714  miles.  The  very  complete  appended 
report  of  Assistant  Engineer  C.  W.  Durham  gives  in  detail  the  work 
of  the  last  fiscal  year,  river  notes  of  interest,  a  general  description  of 
the  work  of  the  snag-boat,  past  and  prospective,  and  statistics  of  com- 
merce and  navigation. 

The  assistance  rendered  to  navigation  by  this  boat  is  very  great,  and 
the  reliable  information  continually  collected  without  additional  expense 
is  invaluable  in  connection  with  a  proper  system  of  river  improvement. 

Although  the  General  Barnard  is  admirably  adapted  to  the  heavier 
portion  of  the  work  of  this  district,  and  is  needed  for  the  removal  of 
the  largest  snags  and  obstructions,  a  number  of  which  make  their  ap- 
pearance each  year,  yet  its  draught  is  too  great  for  use  on  the  extreme 
upper  river  during  low  stages.  The  heavy  work  required  of  this  boat 
can  be  finished  in  a  short  time  each  year,  and  for  the  remainder  of  the 
season  a  light-draught  st^m-wheel  boat,  available  for  use  in  very  low 
irater  on  extreme  upper  as  well  as  lower  part  of  the  district,  would  be 

X4S1 
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much  more  efficient  and  economical.  A  boat  of  this  description  wonld 
cost  about  $15,000,  but  it  would  not  increase  the  annual  expense  now  at- 
tending the  operation  of  the  snag-boat  in  this  district,  and  its  use  as  a 
tow-boat  when  not  employed  snagging  or  dredging  would  decrease  the 
cost  attending  the  charter  of  boats  in  connection  with  the  various  works 
of  improvement. 

An  appropriation  of  $25,000  for  operating  expenses  during  fiscal  year 
ending  June  30,  1882,  is  respectfully  asked  for,  and  this  amount  cannot 
be  materially  reduced  without  impairing  the  efficiency  of  the  boat ;  and 
for  constructing  a  light-draught  stern- wheel  boat  to  act  in  connection 
with  the  General  Barnard,  and  especially  in  low- water  seasons,  $15^000 
additional  is  requested. 

APPROPRIATIONS. 

There  have  been  appropriated  for  improving  Upper  Mississippi  Eiver 
the  following  amounts : 

By  act  approved  March  2, 1867 |96,000 

By  allotment  from  appropriation  of  July  25, 1868 26,000 

By  act  approved  July  11,  1870 36,000 

By  act  approved  March  3,  1871 42,000 

By  act  approved  June  10,  1872 42,000 

By  act  approved  March  3,  1873 25,000 

By  act  approved  June  23,  1874 25,000 

By  act  approved  March  3,  1875 25,000 

By  act  approved  August  14,  1876 30,000 

By  act  approved  June  18,  1878 41, 500 

By  act  approve<l  March  3,  1879 20,000 

By  act  api)roved  Juno  14,  1880 8,000 

Total 416,500 

Money  statement. 

July  1,  1879,  amount  available $17, 707  78 

Amount  appropriated  by  act  approved  June  14,  1880 8, 000  00 

$25,707  78 

July  1,  1880,  amount  expended  during  fiscal  year 13, 867  26 

July  1,  1880,  amount  available 11,840  59 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     40,  000  00 


report  of  mr.  c.  w.  durham,  assistant  engineer. 

United  States  Engineer  Office, 

Rock  Inland,  III,  July  1,  1880. 

Captain  :  I  have  the  honor  to  present  my  annual  report  on  improving  Upper  Mis- 
sissippi River  for  the  fiscal  year  ending  Juno  30,  1880,  together  with  some  statistics 
of  commerce  and  navigation. 

operations  of  the  united  states  snag  and  dredge  boat  general  BARNARD. 

The  operations  of  the  General  Barnard  in  1879,  prior  to  July  1,  have  already  been 
re])ortod  to  your  predecessor,  Mnj.  F.  U.  Farquhar,  Corps  of  Engineers.  From  that 
time  to  October  1()  she  was  employed  as  heretofore  between  Saint  Paul  and  the  mouth 
of  the  Missouri  River,  in  removing  snags,  impending  trees,  wrecks,  &c.,  dredeingi 
assisting  steamboats,  establishing  water-gauges,  buoys,  and  channel  marks,  making 
surveys  and  reconnaissances,  transporting  government  property,  and  rendering  occa- 
sional service  to  the  works  of  peiinanent  improvement.  From  October  16  to  20,  a  por- 
tion of  the  crew  was  engaged  in  laying  her  up  in  winter  quarters  at  Quinoy,  111. 
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During  the  s  ,  , 

-wbich  may  lie  meDtioDed  the  removal  of  eatun  ftC  or  near  Warsaw,  OqnaVka,  GlE 
'bert'a  Chute,  Armstrong  lalitnd,  Slim  Island,  WeatiKirt  Chute,  Missoiiri  Point,  Turn- 
up Landing,  Poi  Kivor,  Miaaouri  River,  CaaavilU  Slough,  and  Proscott,  aud  nlM  of 
wrecks  at  Buffalo  and  Cincinnati  Landing. 
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Snage  removed .147 

WreckB  removed 3 

Leaning  trees  iiiilled  back 128 

IiSaning  trees  felled 4,421 

Booya  placed 3 

Dredging,  days 6 

8t«aml>oat«  MHtstedftnd  nulled  off  bars 16 

Water-gauges  established 1 

Channel-marks  estahllslied 6 

lilies  run 7,167 

Th«  General  Barnard,  \a  charge  of  the  Mississippi  River  Coniinission,  also  made  a 
trip  of  ^uspoction  to  New  Orleans  and  the  jetties,  leavinj^  QLiitu-y  i>n  Nuveuiber  13, 
knd  returning  to  Saint  Louis  Decciuber  l.*).  On  account  ut  tlie  great  amount  of  Uoat^ 
ing  ice  in  the  river  and  the  sevciity  of  tho  weather,  it  was  found  impracticable  to 
reinm  hor  to  Qniiicy,  and  tihe  was  acM:ordiiigly  laid  up  at  Bushbnrg,  Mn.,  some  25 
mikfl  b«low  Saint  Louis,  on  Decoiiilier  16.     In  making  this  trip  she  ran  3,1KJ  miles. 

Prior  to  starting  tVoiu  Saint  Louis  on  the  alxtve-nientiont'd  cruise,  the  Itamard  ran 
down  to  Carondelet,  Taiiie<l  a  sunken  steam  launch  belonging  to  the  government,  aud 
reooned  tho  United  States  Coast  Survey  ateanier  Hitcttceck  from  a  very  periiouB  posi- 
tion on  the  piling  at  Horsetail  Bar- 
Here  follows  a  summary  of  operations  from  1877  to  1879,  inclusive ;  a  summai?  from 
1868,  the  year  in  which  the  work  was  initiated,  to  1H7G,  is  published  in  rejiort  of  Chief 
(rf  Engineers  for  1U77,  part  1,  page  527. 

8v«o»ars  of  mag  and  drtdge  boat  operatioiu  from  1677  lo  1879,  inclvMive. 
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Daring  the  spring  of  167!),  tlie  river  flrom  Saint  Paul  to  the  mouth  of  the  Illinois 
nmained  at  very  low  stage  as  it  hail  been  during  the  winter,  but  owiug  to  the  scour  on  ' 
tiie  leeft  incidental  to  protrncteil  low-water,  the  channel  was  well  defined  and  little 
tranble  was  experieoeeil  from  stTamling  except  at  Gilbert's  Island.  A  small  rise  oc- 
oaned  intitelatterpartof  May,  the  river  falling  again  in  Juno.     About  July  1  another 
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riae  began,  and  during  this  monih  the  river  wb«  at  an  excellent  boftttng  ttaff*.  Fimh 
Angnat  1  to  the  end  of  the  geason  the  water  oontinned  very  low  and  oftflgfttiaD 
Taa  much  impeded.  The  large  side-wheel  packets  were  laid  up  and  their  plaoes  sup- 
plied by  stem- wheel  boats  of  very  light  draught,  and  moat  of  theae  ooold  go  no  Cuther 
np  the  river  than  Bed  Wing.  Even  the  amall  steamboats  used  for  rafting  ezperienoed 
greatdifficulty  in  reaching  their  destinations  and  some  of  these  were  compiled  tolaynp. 
During  the  spring  and  summer  of  IHdO  up  to  the  lime  of  writing  the  stage  of  water 
in  the  river  has  uontinuetl  very  favorable  to  navigation.  I  give  a  list  of  ohanoel 
depths  on  some  of  the  worst  bars  at  the  low-water  periods  of  is79 :  Pieaoott,  1  foot  6 
inches;  Smith's,  :^feet6inches;  Headof  LakePopin,  3foet;  Wabasha,  2 feet  8  iuobes: 
Crat's,  3  feet;  Itei'f  Slough,  3  feet  6  inches;  La  Crosse,  :)  feet;  Cassrilte  Slough,  3 
feet;  Bellovue,  2fi'et  9  inuhcH;  Warsaw,  4  feet  6  inohat;  Gregoij's,  4  feet  6  inuies; 
Quincy,  4  fe^t :  Gilbert's  lalauil,  3  feet  G  inches;  Slim  Island,  4ieet  6  inches;  Weat- 
port  Chute,  4  feet  G  iiichra. 

The  following  table  shows  an  observeil  channel  depth  on  the  worst  ban  in  diflecent 
seasons,  aud  the  sta«o  of  Hie  river  at  the  time  of  the  observation,  &om  which  we 
estimate  and  give  the  llieorelkal  depth  at  axtrouie  low-water.  The  oolaoJ  depth  at 
low'water  woulil  bo  jjeuorally  somewhat  greater  than  the  depth  given,  owing  to  tie 
scour  on  the  reefs  which  takes  place  when  the  water  reaches  a  very  low  stage; 
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4. 0 ,    !  0     1. 1 
4.0 1  11,  i.e 

ISSS 

HbuI  LakP  Pepin 

m* 

ilo 

ISM 

lS!^p^::;::::.v  ;;:;:;::::::■; 

4.5!    1-1      S.1 

2.8      {.a      1.B 
40,    3.(1      Z.S 

a.  0  1  1.  ft     LB 
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Year. 


1078. 
1877. 
1879. 
1875. 
18T7. 
1878. 
1875. 
1877. 
1878. 
1870. 
1877. 
1877. 

itrn. 

1879. 
1877. 
1878. 
1879. 
1879. 
1877. 
1879. 
1877. 
1B79. 


Locality. 


I    *^  • 


'2 
t 
I' 


« If  I  * 


I 

&  it 
5^ 


Que<»n'8  Bluflf 5. 2 

LA  Cro8«e 3. 5 

do 3.0 

Caasvillo  Slough 6. 0 

do 3.5 

do 5. 0 

Bellovue C.  0 

do 3.0 

do 5. 5 

i  4  0 

Sand  Prairie |  3. 0 

Below  Burliiiutou 3.  5 

Bolow  Fort  Madison 3.  3 

Montrose  4. 7 

Warsaw 3.8 

Wyaconda 5. 0 

8uincv 7. 1 

ilbeft'8  Island 5.0 

Slim  Island 3.0 

do  6.2 

Wostport  Chute 3.0 

do &0 


1.0 
1.5 
1.0 
3.5 
1.2 
3.1 
4.5 
1.4 
3.0 
1.0 
1.4 
1.1 
1.0 
2.1 
1.0 
3.4 
3.7 
2.3 
1.0 
2.2 
1.0 


9 


Feet.    Feet.    Feet. 


I 


*}  7  I 


3.G 

2.0 

2.0 
•>  r. 

2.3 
1.0 
1.5 
1.0 
2.5 
2.1 
1.6 
2.4 
2.0 
2.G 
1.0 
1.6 
3.4 
2.7 
2.0 
4.0 
2.0 
5.3 


Bemarks. 


After  improvement. 


WORK  OF  THE  SNAG-BOAT. 

t 

It  may  be  proper  at  tliiH  time  to  say  a  few  words  coucemiDg  the  work  of  tlie  snag- 
\x>at,  past  aud  prospective. 

SNAGOINO. 

In  former  years  the  nnmber  of  snacs  in  the  river  was  much  greater  than  at  present, 
being  of  long  accumulation,  but  by  aei^rees  the  most  of  these  have  been  removed,  ana 
there  are  now  but  few  snaigs  and  wrecKs  of  long  standin^^,  en<langering  navigation. 

Additions  are  ma<le  from  year  to  year,  and  especially  m  times  of  high>water,  from 
caving  banks,  and  many  are  brought  in  from  tributary  streams,  and  again  where  the 
channel,  changing,  goes  down  s(mie  bitherto  unnavigated  chute  or  cut-s  through  some 
sand-bar  perhaps  uaNe<l  on  a  nucleus  of  snags ;  many  obstnictious  of  this  kind  are  met 
with.  The  policy  of  removing  and  destroying  tlie  larger  trees  near  the  edge  of  tlie  banks, 
thereby  preventing  them  from  falling  in  and  becoming  dangerous  snass,  has  been  fol- 
lowed for  several  years,  aud  careful  attention  to  this  matter  has  greatly  decreased  the 
annnal  quota.  The  snagging  work,  however,  althougli  not  as  arduous  as  formerly, 
Btill  requires  and  should  n^ceive  each  year  careful  attention.  Under  this  head  may 
albO  be  placed  the  work  jierformed  by  tlie  snag-boat  in  removing  stumps  and  other  dSbris 
deeply  imbedded  in  mu<l  and  sand  on  and  near  tbe  banks,  where  shoie  protections  are 
proposed,  thereby  greatly  fac^iliating  the  proper  construction  of  this  needful  work. 
The  snag-boat  will  be  much  in  request  for  this  class  of  work  in  the  future. 

IMPENDING    TREES. 

Theee  oconr  and  are  removed  in  large  numbers  every  year,  being,  as  they  are,  of  great 
-annoyance  and  danger  to  navigation  in  the  narrow  cliutes,  and  more  especially  in  the 
deep  bends  and  wliere  the  channel  closely  hugs  the  bank. 


DREDGING. 

A  Long's  scraper  has  always  formed  a  part  of  the  equipment  of  the  snag-boat  on  the 
Upper  Mississippi,  and  w^ith  this  apparatus  a  large  amount  of  work  was  performed  for 
aeveral  years  in  deepening  the  water  on  the  crests  of  the  bars  above  Winona,  but  the 
xesnlts  not  being  commensurate  with  the  amount  of  time  and  labor  require-d,  oompar- 
fttively  little  of  this  kind  of  work  has  been  done  of  late  years.  So  many  bars  scat- 
teired  over  the  entire  700  miles  of  river,  becoming  obstructions  simultaneously  at  each 
reemring  low- water,  it  was  found  a  hopeless  task  to  keep  them  all  open  with  one  boat, 
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and  unless  a  channel  is  cut  through  all  and  maintainedf  the  work  cannot  be  consid- 
ered successful.  And  again,  the  results  have  no  permanency,  the  work  of  the  scraper 
being  generally  obliterat'Cd  at  each  rise  of  the  river,  however  slieht,^  and  in  many 
cases  a  single  night  will  destroy  the  work  of  the  previous  day.  In  increasing  the 
depth  on  a  bar  for  the  time  boin^  the  scraper  is  generally  very  effective  and  is  now 
often  used  in  special  cases  where  it  is  thought  that  a  channel  once  cnt  will  maintain 
itself.  As  au  adjunct  to  the  dams  and  jetties  in  hastening  and  assisting  their  opera- 
tion and  in  determining  the  course  of  the  improved  channel,  the  scraper  may  be  made 
of  great  utility,  an  under  these  circumstances  it  is  believed  that  the  channel  will  be 
permanently  maintained  by  the  action  of  the  dams,  and  in  hard  bottoms  beneficial 
results  will  be  more  quickly  secured.  A  great  deal  of  this  work  is  proposed  for  the 
future. 

REMOVAL  OF  ROCK. 

The  snag-boat  has  at  various  times  removed  dangerous  rocks  and  bowlders  from  the 
channel,  and  some  of  this  work  remains  to  be  done  as  occasion  permits. 

WRECKS. 

Many  wrecks  have  been  removed  by  the  snag-boat  in  former  years,  and  seyeral  dan- 
gerous ones  still  remain  for  future  operations. 

ASSISTING  STEAMBOATS,  ETC. 

It  has  always  been  the  practice  of  the  snag-boat  to  render  assistance  to  stranded 
steamboats  and  rafts  which  may  be  considered  as  forming  an  impassable  obstruction 
to  navigation  in  this  narrow  and  shallow  river,  lying  directly  in  and  filling  np  the 
main  channel,  as  they  usually  do  when  fouud  iu  this  predicament. 

SURVEYS  AND  RECONNAISSANCES. 

In  cases  of  emergency,  and  when  it  was  deemed  inexpedient  to  form  a  special  party 
for  the  purpose,  the  crew  of  the  snag-boat  has  been  emploved  in  making  examinations 
and  surveys  at  special  localities.  Many  harbor*  surveys  nave  been  executed  in  this 
manner,  as  also  a  part  of  the  general  survey  of  187{^,  aud  a  reconnaissance  of  the  ban 
below  Keokuk  in  1877. 

A  general  surveillance  of  the  river  is  kept  up  while  the  boat  is  in  commiasiony  and 
notes  and  soundings  are  taken  at  the  various  bars,  which  furnish  osefal  data  for  study- 
ing their  conditions. 

DAMS  AND  REPAIRS. 

Dams  were  built  by  the  snag-boat  at  Pig's  Eye  in  1874.  at  Nininger  Slouffh  in  1875 
and  1876,  and  these  were  the  first  experiments  of  the  kind  on  the  Upper  Mississippi, 
the  results  being  eminently  successiiil. 

To  maintain  in  good  repair  the  dams  and  shore  protections  now  constructed,  in  pro* 
cess  of  couHt ruction,  aud  proposed,  will  constitute  a  fruitful  source  of  important  and 
needful  work,  and  will  pro|)erly  fall  to  the  lot  of  the  suag>boat.  Although  it  will 
probably  become  necessary  in  the  future  to  employ  for  this  purpose  a  light-draaght 
stem-wheel  tow-boat,  yet  the  snag-boat,  if  supported  by  Congress,  will  be  competent 
for  this  work  for  several  years  to  come. 

IN   GENERAL. 

There  are  many  other  features  of  the  work  of  the  snag-boat  worthy  of  mention.  In 
1877  the  enumeration  of  the  channel  islands  was  performed  by  it,  and  boards  with  the 
pro])er  number  were  |)lacod  on  a  ^reat  many  of  them.  In  1878  a  system  of  water- 
gauges  for  ascertaining  the  fluctuations  of  water  surface  was  established.  In  shallow 
crossings  buoys  are  often  placed  to  guide  steamboats,  and  channel  marksor ranges  on 
shore  for  the  same  ])ur])ose  ;  and  in  cases  of  this  kind,  aud  also  at  localities  where  boats 
are  frequently  stranded,  examinations  are  made  and  great  care  is  taken  to  discover 
and  properly  mark  the  most  feasible  channel.  The  suag-boat  has  been,  and  may  in 
the  future  often  be,  reciuired  in  transporting  government  property,  towing  flats  in  aid 
of  worksof  ccmstruction,  conveying  survey  and  construction  parties  to  their  destinations, 
for  trips  of  inspection,  in  assisting  the  Light-House  Service,  and  by  the  Mississippi  River 
Cominissiofi,  it  being  the  only  government  boat  on  the  upper  river.  It  would  seem 
pro])er,  then,  in  view  of  the  manifold  duties  of  the  General  Barnard,  and  the  benefit  to 
steamboats  and  general  navigation  derived  from  her  services,  that  she  e^onld  be  lib- 
erally supported,  and  to  the  full  amount  asked  for  by  you. 
Very  respectfully,  your  most  obedient  servant, 

C.  W.  Durham, 

ABtiBtant  Engineer. 
Capt.  A.  Mackenzie, 

Corps  of  Engineers^  U.  S.  A, 
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STATISTICS  OF  COMMERCE  AND  NAVIGATION. 

Lumber, 

The  most  important  business  interest  on  the  Upper  Mississippi  and  \t%  principal 
tribntaries  is  the  himbcr  trade,  giving  employment  to  great  numbers  of  men  and  more 
tluui  100  steamboats,  ^hich  are  used  in  guiding  and  propelling  rafts.  Between  the 
mouth  of  the  Chippewa  and  Saint  Louis  there  are  73  mills  on  the  main  river,  with  an 
annual  day  sawing  capacity  of  600,000,000  feet,  employing  some  12,000  men  and  repre- 
senting about  $12,000,000  of  capital.  The  estimated  product  of  white  pine  floated 
into  the  Mississippi  River  in  1879  was  1,500,000,000  feet,  including  logs,  lumber,  shin- 
gles, &c. ;  in  1878,  900,000,000  feet ;  iu  1877,  750,000,000  feet ;  in  1876,  1,350,000,000 

The  following  table  shows  the  amount  of  lumber  manufactured  on  the  Upi)er  Mis- 
sissippi and  tributaries  in  1879  and  1878  and  the  amount  on  hand  January  1,  1880: 

Table  showing  lumher  business  of  Upper  Mississippi  River  and  tributaries  for  1879  and  1878. 


Names,  localities,  &c. 


W.  D.  Washburn  Sc  Co.,  Famham  &  Lovcjoy,  Camp  & 
Walker,  and  twenty-three  other  firms  at  MmneaiM>lis 
and  above 

Lslrd,  Norton  &  Co.,  W.  and  J.  Fleming,  Yonmans  j 
Bros.,  and  nine  other  firms  between  Minneapolis  and 
Dabnqne 

iDgmn,  Kennedy  Sc  Day,  Dubuque  Lumber  Company, 
and  two  other  firms  at  Dubuque 

W.  J.  Young  Sc  Co.,  C.  Lamb  &,  Sons,  and  six  other 
fbma  at  Clinton.  Lyons,  and  Fulton 

Meyerfaaueser  ic  Donkmann,  Dimock,  Gould  &.  Co.,  and 
ame  other  firms  at  Bock  Island,  Davenport,  and 
Ifoline   

Hflirahey  Lumber  Company,  P.  M.  Musser  &  Co.,  and 
wren  other  firms  bHow  Davenport 

Sehnleiibnrg,  Boeckler  &,  Co.,  Hersey,  Bean  &  Brown, 
and  ten  other  firms  on  the  Saint  Croix  River 

Bm  Claire  Lumber  Company,  Daniel  Shaw  &,  Co.,  and 
ten  other  firms  on  the  Chippewa 

John  Paul,  La  Crosse  Lumber  Company,  and  eight 
other  firms  on  Black  River 

JiSUs  unreported,  twenty-one  firms,  say 


Total  for  Mississippi  and  tributaries,  125  firms 


Feet. 
193,  688,  555  , 

77,629,000 

23, 750, 000 

120, 924, 000 

115, 042, 000 

106,  200,  000 

109, 000, 000 

260,000,000 

66, 165, 000  ; 
50,000,000 


1, 122, 398. 555 


On  hand  Jan- 
uary 1, 1880. 


Feet. 
138,  913, 130 

41, 300, 000 
18, 725, 000 
63, 697, 915 

56, 215, 000 
51, 850, 553 
58. 520, 000 
128,000.000 
35,202,000 


FeeL 
115, 000, 000 

46,000,00a 

9, 000, 000 

60,000,000 

54,000,000 
38,000,000 
18,000,000 
56,000,000 
22,000.000 


592, 423, 598 


418, 000, 000 


The  product  of  tho  Wisconsin  River  is  omitted  from  the  above  statement,  inasmuch 
as  nearly  all  the  lumber  made  on  that  river  is  shipped  by  rail. 

In  order  to  show  the  entire  lumber  business  of  the  Upper  Mississippi  Valley  for  the 
past  five  seasons,  is  given  the  following 

Summary. 


Locality. 


Kain  river . 
Snint  Croix. 
Chippewa.. 

"Wlieonaln  . 


Aggregate 


Lumber  manufifictured. 


1879. 


Feet 
687,  233,  555 
109,  000,  000 
260,  000,  000 
66, 165, 000 
152, 177,  025 


1,  274,  575,  fiSO 


1878. 


FeeL 
370,  701,  598 

58.  520,  000 
128,  000,  000 

35,  202,  000 
103,  039,  314 


785, 462.  912 


1877. 


Feet. 
456,  840, 424 

5:^  341,  030 
157.  046,  678 

49,  'ITjO,  000 
143,  523,  000 


860, 001, 132 


1876. 


Feet 
629,  967,  000 

66, 793,  000 
255,  866,  999 

70,  852,  747 
154, 700, 000 


1, 178, 179,  746 


Receipts  at  Saint  Louis  from  Upper  Mississippi  River, 


White  pine  lumber  fuid  logs feet.. 

Mkinglee pieces.. 

Liitha. do... 


1879. 


179.919,105 
77.811,500 
27, 713, 700 


1878. 


129, 806, 733 
88, 059, 500 
29, 414, 600 


1875. 


Feet 
555, 397, 000 

75, 520, 000 
264. 077,  000 

62,000,000 
118, 000,  000 


1,  074,  994, 000 


1877. 


163, 304, 150 
64, 919, 000 
15,  973,  200 
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.Morthem  and  Diamond.  Jo.      There  a 
and  passengers.     The  total  amount  of  freight  carried  by  these  two  linee  v 
279,09ijtous;  id  1H76,  430,000  tons;  iu  1CST9,  41I,e&J  tons. 

£taleiH«nt  o/  a 


1   1«». 

1S78. 

1877. 

1ST8. 

1«7S. 

I7I4. 

Tmi. 

17MeS 

138,715 
88,  M5 

IViiw. 

1B8.100 
9e,2M 

05.800 

supped 

1      M,M» 

Ml,  BBS 

206,280 

818,220 

2M,aj5 

32^8W 

Table  liowing  aggregate  reeeipla  at  Saint  Louie  from  Upptr  Mu»Unppi  Ewerin  1879. 


Aitlclea. 

QuMitity. 

AtUoIh. 

QoBlUty. 

a^::::::::::::::- 

bsrrela.. 

mImi 
Taiiso 

*'lM 

i 

SS,2M 

1TU,W» 
03.706 

a.oai 

I           d   teel 

s 

LoathBC 

mu 

OlllB 

»MU 

Oniuna 

■SSS:: 

...bKnJa.. 

Mfki.. 

Coopenige 

Cuopenm 

^^^ 

.■.■.■.:.-;. -"riJ,: 

burelg.. 

b»™.. 

flo.ir.. 

pork- 

im^nt 

27. 4M 

;■"&: 

Com     -  

lunrlB.. 

^i- 

&wv.v.v.--v;:. 

haui.. 

8.S28 

£::::::::::::::::: 

do.... 

bnirel... 

....bMtflB,, 

-4'^ 

WhMt 

WIubi  and  UqndTB 

^?^iii-=,ui»"-. 

'^^S:: 

30,  «c 

.v.;v";ri:^:: 

Hopi 

Wool ?..™ 

•■■■"-"•■ 

33B.3M 

There  follow  some  stfttenieuts,  in  all  cases  partial,  tending  to  show  Bmoiint  of  eom- 
inerce  and  inaunfactnres  of  a  nnmber  of  tho  cities  ou  the  river  in  1679. 

GAJMT  PAUL,    UlNKEBOTA. 

Salei  and  Irane/ers  during  first  elevon  tnonlhs  of  1879. 

Grain value.,  t5,S25,0W 

Dry  goods do....  5.000,000 

Oroccriea do 4,900,000 

Agricultural  implementa. do 3,100,000 

Commission  mcrchauts do 2, OuO, 000 

BooWand  shoes do 12,000,000 

Hides,  pelts,  &c do 1,(475,000 

Hardware do 1,450,000 

DriiRS do....  1,175,000 

Lumber do 900,000 

Flour do....  1,100,000 

Cigars  and  tobacco do 900,000 

Wines  and  liqnoTS - ...do M75,000 

Booka  and  statiouery do 750,000 
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Coal value..  $750,000 

Iroii,  steely  &o do 650,000 

Hatty  caps,  andfors do....  575,000 

Clothiiiff do....  400,000 

Beer  and  ale do 400,000 

JOn  maohinery,  &c do 385,000 

Fruits do....  375,000 

Leather do 350,000 

Confectionery do 350,000 

Crockery do 325,000 

Saddlery do....  300,000 

Pork do-...  300,000 

Carpets do 275,000 

lOllinery do 225,000 

Furniture do 200,000 

Total $36,110,000 

DUBUQUE,   IOWA. 

Biver  receipts. 

Merchandise,  including  iron,  woodstufiEs,  cordage,  &c pounds..  127,000,000 

Lumber feet..  73,000,000 

Oats pounds..  18,960,000 

Wheat do...  866,700 

Floor do...  251,000 

Butter do...  190,000 

Lead do...  2,200,000 

Cattle head..  3,470 

Salt pounds..  16,500 

Cement do...  8,400 

Staves M..  1,300,000 

Coal .^pounds..  24,461,637 

pMoengers  landing 12,397 

SteamlM>ats  landing times..  1,081 

Biver  shipments. 

If  erchandise,  flour,  butter,  nails,  glass,  wood  in  shape,  iron,  &c . .  pounds . .  7, 661 ,  000 

Oats do...  37,391,762 

Wheat do...  4,917,740 

Covn do...  2,260,400 

Pork do...  3,460,000 

Lead do...  2,987,142 

Cement barrels..  4,420 

Lumber feet..  1,149,000 

MOLINB,   ILLINOIS. 

Manufactures. 

Agrionltural  implements value..  $2,850,000 

Wiycons do...  500,000 

Xalkable  iron do...  250,000 

liaehSnery do...  283,000 

Paper do...  250,000 

Seales do...  25,000 

Pmpe -.do...  112,500 

Oigana do...  25,000 

Lumber feet..  23,062,902 

Shingles pieces..  2,128.000 

Lath r-.do...  3,420,0t0 

Palls number..  450,000 

Washboards do...  80,000 

Chfuns i do...  14,700 

Tabs do...  a^OtH) 

94  £ 
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DAVENPORT,  IOWA. 

Freight, 

By  Chicago,  Rock  Island  and  Pacific  Railroad cars..  32,433 

By  Chicago.  Milwaukee  and  Saint  Paul  Railroad .do...  6, 441 

By  Keokii  Northern  Packet  Company tons..  12,477 

Grain  and  produce : 

Wheat bushels..  1,364,1(6 

Com do...  609,816 

Rye do...  28,165 

Onions do...  118,886 

Barley do...  1,141,956 

Oats do...  462,66^ 

Potatoes do...  337,734 

Manufactures, 

Agricultural  implements valiie..  $450,000 

Boots  and  shoos do...  45,000 

Brass  goods,  &o do...  10,000 

Bricks do...  28,000 

Books  and  stationery do...  98,000 

Brooms do...  13,900 

Candles do...  113,200 

Carriages do...  89,000 

Cigars do...  168,000 

Clothing do...  103,400 

Crackers do...  96,700 

Fumiture do...  264,000 

Furs do...  18,000 

Beer do...  191,200 

Sundries do...  1,078,700 

Flour barrels..  131,500 

Glucose.. V do...  70,700 

Grai>e  sugar do...  1,294,000 

Sirup gallons..  27,000 

Lumber feet-  46,100,000 

ShirfgloH pieces..  8,789,000 

Lath do...  10,445,000 

ROCK  ISLAND,  ILLINOIS. 

Manufactures, 

Agricultural  implements value..  $1,000,000 

Glass do...  $'^00,000 

Stove do...  $60,000 

Mineral  waters do...  $25,000 

Coal  mined do...  $400,000 

Lumber feet..  43,428,000 

Shingles pieces..  4,867,000 

Lath do...  9,206,000 

Pickets do...  26,000 

Beer barrels..  26,000 

Malt do...  40,000 

Freights, 

By  Keokuk  Northern  Line  Packet  Company .....tons..  11,828 

By  Diamond  Jo  Line.... do...  5,000 

MUSCATINE,    IOWA. 

ManufactureSj  receipts,  and  shipments. 

Lumber feet..  51,000,000 

Lath pieces..  16,000,000 

Shingles do...  15,000,000 


7,850 

29,600 

987 

1,042 

944 

361 

2,600 

52,200 

6,43r 

^,  000, 000 
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Pickets pieces..  250,000 

Washboards number..  23,400 

Packing-boxes do...  50,000 

Floor barrels..  48,000 

Cans number..  500,000 

Biick do...  2,700,000 

Kpes gross..  33,800 

Wagons number..  600 

Wagon  brakes do...  9,000 

KEOKUK,  IOWA. 

Biver  shipments,  , 

General  merchandise tons.. 

Hay bales.. 

Horses  and  mules head.. 

Beeves do... 

Hogs do... 

Sheep do... 

Chic&ens dozen.. 

Eggs • do... 

Biver  receipts. 

General  merchandise tons.. 

Lomber feet.. 

WARSAW,   ILLINOIS. 

Biver  shipments. 

Hay bales..  45,596 

Oats bushels..  56,892 

Com ....do...  32,340 

Qye do...  2,550 

Jtoples barrels..  9,317 

wme  and  cider do...  1,872 

Cooperage pieces..  35,000 

Floor \ barrels..  34,124 

Stock  (cattle  and  hogs) head..  2,108 

Flows number..  4,100 

Wagons , do...  350 

HANNIBAL,   MISSOURI. 

Manufactures^  receipts^  and  shipments, 

limnbar feet..  124,630,145 

Shfaglefl pieces..  55,437,000 

LttOia do...  33,657,300 

S«tt barrels..  200,000 

Oa gaUons..  1,250,000 

lime barrels..  230,000 

Wlieftt bushels..  1,000,000 

Flour barrels..  200,000 

Stock head..  25,000 
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I,  barges,  and  raftt  paining  various  bridg«». 


L«iiiUtyotb7idge. 

s 

olmbOA 

B«rgai. 

BlfM. 

l<r.. 

1978. 

18-7. 

1870. 

wi 

«n. 

1879. 
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un. 

z,4as 

S.MS 
B,flDS 
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.tat 
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IN 

W 

(1 
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*  No  nooid  (UmlBhed.  t  FftrUal  record.  ;  ITo  Msmd  df  nfU. 

UST  OV  BTBAHBOAT  ACCIDENTS  ON  UPPEK  MISSIBSIPFl  R1\'BR,  SEASON  OF  1ST9. 

Juiu  18. — Steamer  Le  CUire  MlUded  with  the  Victory;  the  fiwmei  auuk:  loa*. 
11,600. 

July  4. — A  harge  ia  ton  of  steamer  Joaie  atiaok  a  tock  at  Hotae  Island  and  sank ; 
raised;  loaa,  If  ^" 

Jiilu  13.— 8ti 
Canal;  raised. 

August  4. — Barge  Abe  annk  at  Cmcinnati  Lauding;  total  loee. 

Augustus. — Steamer  War  Eagle  was  somewhat  iiijored  bystcikiug  a  rock  abor* 
Gregory's  Landing. 

Septtmber  3. — Steamer  Annie  sank  a  barge  on  the  chain  above  the  canal, 

Oetober  13. — Steamer  Iowa  strack  a  lock  opposite  Dallas  and  snnk;  raised  j  one 
man  last. 

Notember  3G. — Steamer  Annie  sunk  a  Large  below  Keokuk ;  cargo  and  barge  total 

CUSTOMS  REVENUE  AND  TONNAQE. 
TIiBt  portion  of  the  Mississippi  between  Saint  Panl  and  the  month  of  the  Illiuoii 


In  the  following  statement  is  given  the  talal  exhibit  of  the  port  of  Saint  Looii, 

""' ■""  greater  portion  of  the  Upper  Mississippi  boats  are  regist-ered,  and  whioa 

lany  of  the  Lower  Mississippi,  Missouri,  and  lUinois  Biver  boat*. 

Cuttomt  Teaenue  and  tonnage  for  fiscal  year  ending  June  30,  1879. 


Port, 

^^ 

SiS 

BmuiIm. 

U,  883  71 

i,Tn.u 

1,T3L« 

^•ni. 

8»U 

There  arc  ten  internal  revenue  districts  bordering  on  the  Hiasinaippi  .Biver  between 
Saint  Paul  and  the  month  of  the  Illinois  River.  Eachof  thesedistnotaisoompoaedof 
a  largo  uuulier  of  counties  the  greater  portion  of  which  do  not  tonch  the  nver,  bat 


r 
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bulk  of  (lie  roveniip  to  the  govommewt  comes  from  the  scotioiis  liotderiiiji  upon 
TivKT  and  Cribntttry  to  ita  navigation  aod  ciitnmcrc«.  I  give  below  a  table  uhuw- 
ing  the  deBignalion  of  the  dwtncta  touching  t.tie  rtvpr  bctwi<en  the  points  abovo 
aamed,  the  residence  of  the  collector,  ami  the  amount  of  collections  for  the  fiscal  vear 
mding  Jnne  30, 1870. 


1                                       Dialrlot. 

iKlor. 

lass-.;:::;; 

tl)3,B50« 
115,408  « 

BK»dIiiw» - 

Dnbnqne    

UguDtCuTgll... 

376,  Un  IT 
2M,663  8l 

3,34e,llll!07 

K         ^'"■' 

L.  Under  this  appropriation  ai-e  carried  on  works  for  tlie  improvement 
ft  tliroagh  navigsitioii.  These  works  consist  of  brush  and  stone  dams 
for  closing  aide  chut«s  and  subsidiary  channels,  and  for  coDtracting  the 
width  of  water  way,  and  also  of  brush  and  stone  shore  protections  for 
caving  banks. 

A  general  plan  with  estimates  has  been  prepai'ed,  but  it  is  liable  to  so 
many  altei'ations  of  detail  due  to  changes  of  the  nver  and  experience 
gained  as  the  work  progresses,  that  it  is  deemed  more  proper  to  simply 
present  projects  fi-om  year  to  year  for  the  work  which  can  be  accom- 
plished with  the  amounts  then  available,  selecting  for  improvement  the 
points  known  to  be  most  tronblesome.  The  results  already  obtained 
show  that  the  system  of  improvement  adopted  will  give  in  time  a  good 
channel  aufBcieut  for  aU  purposes  of  navigation,  and  the  main  question  of 
the  future  is  a  reduction  In  the  expense  of  dams  and  shore  pi'otections, 
and  the  adoption  of  temporary  expedients  for  assisting  navigation  until 
the  channel  is  so  regulated  that  it  will  maintain  itself. 

Previous  to  1S78  improvements  had  been  made  at  Pig's  Eye  (187i) 
and  Nininger  Slough  (1S75  and  1876).  During  1878  and  1879  works 
were  carried  on  at  Pig's  Eye,  Viewport,  Hastings,  Prescott,  Oraf  s  Island, 
Beef  Slough,  Kollingstone,  Betsy  Slough,  Queen's  Bluff,  Bellevue,  Horse 
Island,  Dallas,  and  Pontoosa«,  and  during  the  last  tiscul  year  improve- 
ments have  been  ma<le  at  Hastings,  Prescott,  Smith's  Bar,  Crat's  Island, 
Beef  Slough,  Mount  Vemou.  Roliingstone,  Betsy  Slough,  Winona,  La 
Croiise,  Caasrille  Slough,  Horse  Island,  Smith's  Island,  ami  Keithsburg. 

The  appended  reports  of  United  States  Ci\-il  Engineer  M.  Meigs  and 
Assistant  Engineers  E.  V.  Hoffman  and  J.  L,  Gillespie  give  in  detail 
the  work  done  and  results  obtained  in  their  respective  districts.    To 
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these  gentlemen  much  credit  is  due  for  the  intelligence  and  energy  tJiey 
have  fisplayed  in  carrying  on  the  works  assigned  to  their  local  charge. 

The  act  of  Congress  approved  March  3, 1879,  provided  that  of  tiie 
$100,000  appropriated  for  "  improving  Mississippi  River,  Saint  Paul  to 
Des  Moines  Rapids,''  $20,000  might  be  used  for  testing  the  Adams  Flume. 
Mr.  Adams  has  selected  the  very  troublesome  bar  below  Read's  Lauding 
for  his  exi)eriment8,  but  has  not  yet  commenced  active  operation^. 

The  work  of  tlie  last  season  was  carried  on  principally  by  contract, 
and  this  system  A\ill  be  recommended  whenever  practicable,  but  in  many 
cases  the  river  is  liable  to  such  frequent  changes  that  the  projects,  which 
are  necessarily  made  some  time  in  advance  of  operations,  cannot  be  ad- 
hered to,  and  in  such  cases  formal  contmcts  are  inexpedient,  as  no  plans 
or  specifications  can  be  drawn  to  properly  cover  the  work. 

While  past  experience  has  not  demonstrated  that  the  use  of  an  ordi- 
naiy  dredge-boat  is  as  a  rule  advisable  in  connection  with  the  cutting 
of  new  channels  through  sand  bars,  yet  occasions  hav^  arisen  and  will 
continue  to  arise  where  such  work  will  be  necessary.  For  such  cases,  as 
well  as  in  connection  with  the  improvement  of  the  various  harbors  along 
the  river,  and  in  the  removal  of  gravel  bars  both  for  improvement  of 
navigation  and  for  obtaining  material  for  dams  and  shore  protections, 
many  dredges  are  required.  There  are  but  four  private  dredges  on  the 
river,  and  these  being  in  comparatively  poor  condition  are  entirely  in- 
adequate to  the  prompt  and  proper  execution  of  the  work  now  required 
of  them.  The  United  States  should  own  a  dredge  capable  of  removing 
all  classes  of  material  met  with  in  this  section  of  the  river.  Its  cost, 
together  with  the  requisite  supply  of  dump-boats,  &c.,  would  not  ex- 
ceed $15,000. 

The  field  work  of  the  general  survey  of  the  river  was  completed  in 
the  latter  part  of  July,  1879,  and  during  the  past  year  a  large  part  of 
the  work  of  mapping  has  been  finished.  Tracings  of  the  maps  of  the 
survey  have  already  been  forwarded  to  the  Chief  of  Engineers,  and  the 
final  report  on  the  same  is  hereto  appended. 

The  special  party  (No.  6)  making  surveys  and  observations  near  Bur- 
lington, Iowa,  completed  their  field  work  in  the  latter  part  of  October, 
1879.  '  A  report  on  this  survey,  together  mth  maps  and  diagrams,  was 
forwarded  to  Col.  Z.  B.  Tower,  president  of  the  Board  of  Engineers  on 
liow- Water  Navigation  of  the  Mississippi  River.  A  copy  of  this  report 
is  hereto  appended. 

Many  observations  with  current  meters  were  taken  by  the  Burlington 
party;  but  owing  to  the  absence  of  Mr.  G.  A.  Marr,  the  assistant  in 
charge  of  these  observations,  for  several  months  while  in  the  employ  of 
the  Mississippi  River  Commission,  the  meter  work  has  not  been  reduced 
or  plotted.  A  report  on  this  subject  will  be  submitted  as  soon  as  prac- 
ticable. 

I  take  occasion  at  this  time  to  refer  to  the  report  of  the  "Board  of 
Engineers  on  Slieer-Booms,"  printed  in  H.  Ex.  Doc.  No.  41,  Forty-fourth 
Congress,  second  session.  In  this  report  the  necessity  and  advisabiliiy 
of  constructing  sheer-booms  at  the  various  bridges  were  clearly  shown, 
and  plans  for  the  same  fiu*nished  for  each  bridge.  The  demand  for 
sheer-booms  for  the  protection  and  guidance  of  rafts  becomes  more 
urgent  every  day,  and  it  should  be  given  proper  attention. 

For  t\ni  i)urpose  of  studying  the  river  and  its  changes,  determining 
where  improvements  are  most  needed,  and  noting  the  effect  produced 
by  works  already  constructed,  numerous  surveys  and  examinations  have 
been  made  and  will  be  continued  during  the  present  season. 

Water-gauges  are  estabhshed  at  many  points  along  the  river  between 
Saint  Paul  and  Grafton,  daily  readings  of  which  are  kept  on  record, 
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and  it  is  very  desirable  that  these  gauge  records  should  be  published  iu 
the  newspapers  for  the  benefit  of  navigation. 

In  accordance  with  instructions  from  the  of&ce  of  the  Chief  of  Engi- 
neers, dated  September  13, 1879,  an  examination  was  made  of  the  har- 
bor of  Rock  Island,  the  report  on  which,  under  date  of  November  5, 
1879,  will  be  ^ound  in  11.  Ex.  Doc.  "No.  32,  Forty-sixth  Congress,  second 
session. 

Unless  changes  produced  by  the  present  extreme  high  stage  of  the 
river  develop  new  and  more  troublesome  obstructions  requiring  imme- 
diate attention,  which  cannot  be  known  until  the  next  low- water,  work 
daring  the  present  fiscal  year  will  \)e  carried  on  at  the  following-named 
points: 

1.  Between  Newport  and  Robinsou's  Island. 

2.  Island  No.  20. 

3.  Head  of  Lake  Pepin. 

4.  Between  Wabasha  and  Alma. 

5.  Shore  protection  at  Mount  Vernon. 

6.  RolUngstone  Sloagh. 

7.  Winona. 

S.  Queen's  Bluif. 
9.  La  Crosse. 

10.  CassviUe  Slough. 

11.  BeUevue. 

12.  Arnold's  Bar. 

13.  Keithsburg. 

14.  Johnson's  Island. 

15.  Shore  protection  at  Oquawk^. 

The  radical  improvement  of  the  Upper  Mississippi  Eiver  having  been 
commenced,  it  is  of  great  importance  that  it  should  be  actively  con- 
tinned. 

Large  appropriations  can  be  profitably  expended  and  should  be  made 
in  order  that  the  benefits  to  be  obtained  may  be  secured  as  speedily  as 
possible  and  that  the  ultimate  cost  may  be  diminished.  I  would  accord- 
ingly ask  for  an  appropriation  of  $500,000  for  the  fiscal  year  ending 
June  30, 1882. 

SUMMARY  OF  EXPENDITURES  FOR  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

At  Hastings fl,740  03 

At  Dibbled  Point 2,372  02 

At  Smith's  Bar 13,198  36 

At  Crat's  Island 5,419  68 

AtBeef  Slough 2,826  95 

AtMount  Vernon 14,328  74 

At  RoUingstone  and  Betsy  Slougbs 7,726  02 

At  Winona 12,423  94 

At  La  Crosse 4,717  33 

At  CassviUe  Slough 12,497  12 

At  Horse  and  Smith's  Island 4,791  20 

AtKeithsburg 5,815  02 

Jdi^sand  surveys 10,593  31 

Allottedfor**  Adams's  Flume" 20,000  00 

Total  expciided 118,449  72 

Money  statement, 

Jolyl,  1879,  amount  available $142,049  77 

Ajnoont  appropriated  by  act  approved  June  14,  1880 150,000  00 

J292, 049  77 

July  1,  1880,  amount  expended  during  fiscal  year 118, 235  54 

Jnljl,  1880,  outstanding  liabilities 214  18 

118, 449  72 

July  1, 1880,  amount  available , 173,600  05 

.    ■    < 
Amonnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .    500, 000  00 
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report  of  j.  l.  qille8pie,  assistant  enodobrr. 

United  States  Enoinkbr  Office, 

Book  Island,  lU.,  Jwm  30,  1880. 

Sir  :  I  have  the  honor  to  submit  the  following  report  upon  works  constraoted  for  the 
improyement  of  the  Mississippi  River  firom  Saint  Paul  to  Chimney  Rock,  during  the 
fiscal  year  ending  June  30, 1^,  to  which  I  have  added  the  results  of  an  examination 
of  the  river  and  existing  works  in  my  district  made  during  the  montii  of  May,  1880. 

examination  at  pig's  eye  bar. 

The  soundings  were  made  at  a  stage  of  7  feet  above  low-water  of  1864,  aacLshow  no 
material  change  since  the  last  examination,  except  a  slight  filling  at  the  upper  and 
lower  ends  of  the  improved  channel,  which  will  undoubtedly  cut  out  as  the  water 
falls.  No  examination  was  made  at  low-water  last  year,  but  pilots  report  not  less  than 
4i  feet  in  the  channel. 

The  left  bank  between  dams  3  and  6  should  bo  protected  for  a  length  of  about  1,000 
feet,  but  this  is  not  immediately  necessary.    ■ 

examination  at  head  of    NEWPORT  ISLAND. 

The  channel  is  straightening  and  improving  slowly,  and  is  sufficiently  good  so  long 
as  other  bars  in  the  vicinity  remain  in  their  present  condition.  The  head  of  Newpon 
Island  should  be  protected,  and  the  channel  between  Island  No.  3  and  the  left  baok  closed. 
At  the  foot  of  Newport  Island,  and  on  the  three  crossings  above  Robinson^  Island, 
there  was  less  than  2  feet  at  low-water  last  season.  .These  pNoints  will  reqidre  first 
attention  whenever  the  improvement  of  the  river  between  Saint  Paul  and  Hastings 
is  continued. 

SHORE  PROTECTION  AT  HASTINGS,  MINNESOTA. 

This  work  was  done  under  contract  with  Messrs.  Winston  Brothers  of  Miiinftiyoli% 
Minn. ,  dated  June  4, 1879,  Mr.  P.  A.  Churchill,  inspector.  The  shore  proteotioii  waaoom- 
menced  at  a  point  on  the  right  bank,  3,600  feet  below  Hastings  Rauroad  Bridge,  oppo- 
cite  the  dams  built  in  1878,  and  continned«down  stream  800  feet.  The  bank  la  aboat 
12  feet  above  low  water,  the  upper  part  being  a  hard  oli^,  but  underlaid  by  a  airatuia 
of  sand  near  the  low- water  line,  wmch  cuts  out  and  causes  the  upper  strauun  to  oavt 
off  in  large  masses.  The  channel  is  working  down  this  shore,  and  the  protection 
should  be  extended  down  stream  about  500  feet. 

Materials  used  and  cost  of  toork. 


Description. 


Shore  protection  (sheet  No.  6*) 

Soperuitendonce  and  office  expenses. 


Total. 
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la    ►» 

S  s  ^ 
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800 


1,28L7 


580.8 


a 
s 


$1,506  47 


1,740 


*  The  sheets  referred  to  are  the  general  maps  of  survey,  Saint  Paul,  Minn.,  to  Grafton,  IlL 

EXAMINATION  AT  HASTINGS  BAR. 

The  channel  continues  to  widen  somewhat,  and  there  has  l>een  considerable  filling 
between  the  spur  dams.  Tlie  boats  have  had  no  trouble  here  since  the  dams  were 
built. 

SHORE  PROTECTION  AT  DIBBLE^S  POINT. 


This  work  was  done  under  the  same  contract  as  that  at  Hastings.  The  left  bank  of 
the  river  opposite  Prescott  Island  was  protected  for  a  distance  of  1,250  feet  up  stream 
from  the  foot  of  the  point. 

The  material  of  which  the  point  is  composed  is  a  pure  fine  sand,  easily  cut  away 
by  the  current,  and  the  shore  line  had  receded  from  15  to  20  feet  since  the  channel  1^ 
the  right  of  Prescott  Island  was  closed  last  year. 
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Material*  uted  and  eo»t  of  worJc. 


VtitTiiition. 

i 

1,250 

1 

1 

! 

I.SH. 

«n 

53 

■  1 

1 

EXAMINATION  O 


F  PRESCOTT  ISLAND. 


Knee  la«t  seawn  the  bar  has  cat  out  so  that  there  is  now  OKOod  3-foot  ohanael  at 
low-vater,  which  will  probably  improre  aa  the  water  falls.  ThiB  bar  was  oomposed 
largely  of  flue  gravel,  which  leeisted  the  sconring  action  of  the  cnneut  and  renaered 
the  deepening  of  the  chanuel  very  slow ;  but  of  late  it  has  improveil  rapidly,  and 
no  fttrthcT  tronble  at  this  point  is  anticipated. 


TOb  work  was  done  under  contract  with  S.  J.  Tniax,  of  Hastings,  Uinn.,  dated 
kvwoMt  39,  1079,  Hr.  H.  If.  Elmer,  inspector.     The  river  at  this  place  was  about  1,100 
■    An  wide,  fbimmg  a  long  sbool  crossing  &om  the  left  bank  to  the  risht  bank,  with 
aboBt  2  feet  In  the  channel  at  low-wat«r.     This  has  been  the  head  ofnavigation  tat    ■ 
tte  lamr  boats  during  Iow-wat«r  for  the  past  two  seasons. 

VliB  ehannel  was  contracted  to  a  width  of  600  feet  by  Dve  spnr  dsjns,  three  from 
tba  left  aod  two  &om  the  right  bank,  and  1, OW feet  of  the  right  bank  below  tbedams 
WW  proteoted  by  a  levetment  of  bmsh  and^st^ne.  The  dams  where  less  than  &  feet 
Ul|^  weie  built  with  faseines  12  feet  long,  which  effected  a  considerable  saving  of 
BUterlal.     The  examination  in  Hay  showed  a  good  channel  of  not  less  than  4tfeet  at 

ifatfrtdl*  iHsd  and  cott  o/  wort. 


Deacriplion. 
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5,838,0 
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Total 

iflHM 

SnORB  PROTKCTION  OPPOSITB  CRAT'S  ISI.AK]>. 


nip  work  at  this  place  consisted  in  protecting  tht 
tKUBt  of  1,977  feat,  divided  as  follows :  400  feet  (MT  low  shot^  protection  opposite  the 
,1imm1  Of  the  island ;  then  an  interval  of  432  feet  nnprotected,  followed  bv  1,677  linear 
teet  of  protection  carried  to  the  top  of  the  bank.    Below  this  the  bonk  Jnts  oat  into 

tli0ita«ain,  deflecting  the  cnirent  to  the  right.     It  '    — '  '"     " —  ""' '    * 

the  tank  to  cnt  away  until 
down  stream. 
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"  The  bank  is  from  5  to  10  feet  liigh,  composed  of  a  mixture  of  loam  and  fine  sand, 
and  had  receded  from  10  to  30  feet  since  the  completion  of  the  dam  built  in  1878.    Ma-  ' 
terials  were  purchased  in  open  market,  and  the  work  done  by  hired  labor.    Work  was 
commenced  August  27  and  finished  September  25. 

MateriaU  used  and  cost  of  work. 


Description. 


es 

C 


00  u     . 

fl  «  d 


goo 


Shore  protection  (sheet  14) 
Hire  of  boats  and  barges  . . 
Labor 


I 


1, 977  I    2, 559. 9      1, 900.  i 
......|...... ............... 


Superintendence  and  office  expenses 
Total 


o 

P4 


-  0 
i 

e 


1,500 


$2,928  33 
082  00 
802  69 


4,002  02 
727  00 


S^  410  OB 


EXAMINATION  OF    CHAT'S    ISLAND. 

^  The  high  bar,  which  in  1878  was  opposite  dam  No.  1,  has  moved  down,  and  ia  now 
opposite  dam  No.  2,  making  the  channel  part  of  the  dam,  thou£[h  deep,  only  about  900 
feet  wide.  *  If  this  bar  does  not  cut  away  as  the  water  falls,  it  may  oe  neoeasaiy  to 
sink  a  line  of  mattresses  between  the  dam  and  the  bar  to  prevent  farther  deepening 
and  force  a  widening  of  the  channel. 

The  tow-head  between  the  head  of  Crat's  Island  and  the  left  bank  has  disappeaied, 
and  the  channel  is  cutting  out  down  the  left  side  of  the  island,  whiioh  will  probably 
render  some  protection  at  the  upper  end  of  the  island  necessary. 

EXAMINATION  OF '  BEEF  SLOUOU  BAR. 

The  channel  above  Tee-pe-ota  Point  has  left  the  rieht  bank  and  has  been  gradnallj 
working  eastward  for  the  past  two  years.  The  sounmnes  show  a  good  channel  of  suf- 
ficient width  to  the  left  oi  the  high  bar  off  the  point.  One  or  two  spur  dams  ttom.  the 
right  bank  will  maintain  the  channel  in  its  present  position,  which  is  desirable. 

The  bar  west  of  Island  31  will  probably  move  down  and  gradually  close  the  present 
channel,  throwing  the  water  between  Islands  33  and  34.  Whenever  this  takes  place 
the  projected  dam  from  the  left  bank  to  Island  34  should  be  built. 

DAM  AT  FOOT  OF  BEEF  SLOUGH. 

Work  was  commenced  hero  June  1, 1880,  and  the  shore  protections  and  bottom  layer 
of  dam  No.  1,  from  the  left  bank  to  Island  36,  were  put  in.  Owing  to  the  present  higfa 
stage  of  water  it  was  necessary  to  suspend  the  work,  which  -^^Hll  oe  resomed  as  soon 
as  the  stage  of  water  permits.  The  work  was  done  by  hired  labor,  material  being 
purchased  in  open  market. 

ATateriah  used  and  cost  of  work. 


Description. 


Dam  No.  1  (sheet  14) ... 
Hire  of  boat  and  barges 
Labor .' 


Linear  feet. 


1,200 


Rook,  cubic 
yards. 


682 


Brash,  cu- 
bic yards. 


780.11 


Poles,  num- 
ber. 


Amount. 


Tools,  &.C. 


1,284 


Suporiutcndcuce  and  office  expenses. 
Total 


0017  04 
S14  8S 

770  00 


2.447  40 


8,8M05 
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MOUNT  VERNON  BAR. 

This  work  was  done   imdor   contract  with  Messrs.   Jenkius  &.  \'au  Gorcler,   of 
Winona,  Minn.,  dated  Septem)>er  3,  1879,  Mr.  J.  0.  McElherne,  inspector. 

Mount  Vernon  Bar  is  formed  by  the  junction  of  Pomme  de  Torre  Chute  with  the 
main  channel  of  the  river  at  the  foot  of  Island  48,  and  has  been  a  serious  obstruction 
to  navigation  for  many  years. 

At  low-water  of  1879  there  was  a  narrow  and  crooked  channel  of  about  3  foet  depth 
across  the  bar. 

The  plan  of  improvement  adopted  was  to  contract  the  channel  across  the  bar  to  a 
'width  of  900  feet,  by  spur-dams,  and  also  close  the  channel  to  the  left  of  Island  50 
and  the  tow-head  below.  Work  was  commenced  September*^,  and  completed  Decem- 
ber '2,  1h79. 

Materiah  used  and  cost  of  ivork. 


Descriptiou. 


I      Stono, 
Liuear  feet,  at  $1.23  pur 
cubic  yard. 


Xo.  1  (sheet  16) 

No.  2  (sheet  16) 

DamNo.  3  (sheet  16) 

Dun  No.  4  (sheet  16) 

Dun  No.  6  (sheet  16) 

Shore  protection  Island  50  (sheet  16) . 


Saperintendence  and  office  expenses. 
Total 


300  ' 
620  I 
1,400  I 
650  ; 
200 
250 


1,500.0 
1, 191. 2 
2, 012. 8 
1,198.4 
331.1 
438.44 


Brush,  at 

53  cents  per,   Amount, 
cubic  yai-d,  i 


1, 152. 5 
1,431.0 
3, 170. 0 
1,539.1 
281.0 
343.52 


$2,455  82 

2,223  60 

4,155  84 

2,289  74 

556  19 

721  85 


12,402  54 
1,926  20 


14,328  74 


EXAMINATION  AT  MOUNT  VERNON  BAR. 

The  soundings  show  a  channel  of  4|  feet  at  low-water,  not  less  than  300  feet 
wide,  which  wm  doubtless  improve  as  the  river  falls.  There  is  no  probability  of  any 
Airther  trouble  at  this  point. 

Very  leBpectfully,  your  obedient  servant, 

J.  L.  Gillespie, 
Assistant  Engineer, 
Capt.  A.  Mackenzie, 

Corps  of  Enginetfi'Sf  U.  S.  A, 


REPORT  OF  MR.   M.   MEIGS,  UNITED  STATES  CIVIL  ENGINEER. 

Rock  Island,  III.,  June  30,  1880. 

Captain  :  I  have  the  honor  to  submit  my  annual  report  of  work  done  on  the  improve- 
ment on  the  Upper  Mississippi  River,  between  Rock  Island,  Dl.,  and  Chimney  Rock 
3ttr,  Minnesota,  for  the  fiscal  year  ending  June  30,  1880,  as  follows: 

GENERAL  REMARKS. 


The  work  done  last  season  was  similar  in  character  to  that  of  the  preceding  year. 
The  same  forms  of  dams  an^  shore  protections  were  used,  but  with  the  difference  that 
it  was  endeavored  to  use  a  larger  i)roi>ortion  of  brush  in  the  dams,  and  on  the  shore 

grotections  a  smaller  proportion  of  rock  ;  both  of  which  attempts  have  so  far  resulted 
I  a  redaction  of  cost,  without  any  api)arent  want  of  stability  in  the  structures  them- 
aelves. 

The  supply  of  brush,  however,  in  the  vicinity  of  all  the  larger  works  on  the  Upper 
Ififussippi  River  is  becoming  scarce,  and  it  seems  as  if  some  steps  should  be  taken  to 
■eonre  a  mture  supply,  if  the  works  are  to  go  on,  and  to  economize  brush  in  the  con- 
structions projected.  The  first  consideration  would  necessitate  the  planting  of  sand- 
*"        ;  the  latter  the  adoption  of  a  form  of  dam  consisting  mostly  ot  rock  or  dredged 


The  past  season  was  a  trying  one  ff>r  steamboats,  and  has,  I  think,  proved  conclu- 
■ively  the  beneficial  effects  or  works  of  improvement  already  completed.  The  con- 
•tamotioiis  of  1878  have  in  every  case  proved  successful  in  giving  a  good  channel 
wheie  they  had  been  advanced  to  anything  like  a  completed  state. 
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I  think  an  effort  should  be  made  this  year  to  test  the  nsefalness  of  sand-bar  plant- 
ing, and  the  experiment  should  be  made  in  the  fall,  after  the  water  becomes  low. 
Should  the  experiment  prove  a  failure,  it  should  be  tried  again  next  s^ng,  before  the 
June  rise.  Very  few  of  the  willows  put  into  onr  dams  or  shore  protectiona  have  taken 
root,  from  the  fact  that  they  were  usually  cut  in  the  hot  months. 

ROLLIXGSTOXE  BAR. 

The  work  on  this  bar,  and  also  on  that  at  the  foot  of  Betsy  Slough,  was  done  imder 
a  contract  with  Mr.  Jacob  Richtmann^  of  Fountain  Citv,  Wis. :  inspector,  Mr.  James 
P.  Allen. 

The  closing  dam  in  Rollingstone  Bend,  from  Island  57  to  the  Minnesota  shore,  was 
examined  early  in  the  season  and  no  settling  of  consequence  was  detected^  Sonndiugs 
below  the  gap  200  feet  wide,  left  for  the  passage  of  rafts,  developed  a  great  amount  of 
scour,  a  hole  having  been  excavated  which  measured  54  feet  deep  at  low  water.  From 
this  point  the  bottom  rose  gradually  to  the  foot  of  the  dam,  whicn  latter  seems  to  have 
suffered  no  bad  effects. 

It  was  impossible  to  place  any  large  amount  of  rock  in  the  gap  without  interfering 
with  the  passage  of  raits.  There  is  no  doubt  but  that  this  gap  wastes  a  vast  amount 
of  water  needed  in  the  main  channel  to  the  left  of  Island  57.  either  the  gap  must  be 
closed  and  the  dam  raised  or  dam  No.  1  extended  and  raised,  so  as  to  divert  the  water 
at  that  point.  The  latter  plan  vrill  conflict  less  with  large  private  intereats,  and  I 
would  recommend  its  adoption. 

Dam  No.  2  was  built  from  the  head  of  Island  57  out  to  the  proposed  chaimel  Line. 
This  was  to  stop  a  great  escape  of  water  between  the  bar  and  the  head  of  Island  57, 
and  caused  it  to  flow  around  the  end  of  the  dam,  and  assist  in  sconrinffont  the  iNid 
crossing  opposite  the  island.  (See  map.  Report  Chief  of  Engineers,  l379.)  In  the 
lowest  plaice  this  dam  was  built  to  2  feet  above  low -water,  the  ]K>rtionon  the  sand-bar 
being  some  2  feet  higher  or  5  feet  above  low- water. 

Dam  No.  9  is  a  submerged  dam  built  to  prevent  the  water  cutting  any  deeper  along 
the  face  of  the  bank  opposite  Island  58 ;  300  feet  of  shore  protection  was  bnilt  at  the 
junction  of  the  dam  with  the  shore,  and  800  feet  more  will  be  needed,  as  this  bank  is 
cutting  rapidly.  There^is  nowhere  less  than  4^  feet  of  water  over  Dam  9  at  lowest 
stage. 

An  examination  made  May  17,  1880,  shows  that  there  is  a  considerable  widening  of 
the  3-foot  channel  opposite  Island  57.  The  bar  has  been  forced  down  upon  the  head 
of  dam  No.  6,  and  the  channel-way  contracte<l  to  a  width  of  only  850  feet.  At  a  lower 
stage  than  that  prevailing  at  the  date  of  the  examination,  this  width  will  no  doubt  be 
increased. 

A  dam  should  be  built  from  the  left  bank  to  contract  the  water-way  across  the  bar 
opposite  Island  57. 

All  the  works  recommended  above  should  be  put  in  during  the  season  of  1880. 

BETSY  SLOUGH. 

Tlie  d«ni8  and  shore  protections  built  in  1878  have  stood  well,  and  have  secured  s 
channel  across  this  very  bad  bar,  which  has  never  since  the  completion  of  the  dams 
had  less  than  a  4i-foot  channel.  During  the  past  season  1,024  feet  of  shore  protection 
has  l>een  put  in  on  the  left  bank  of  Betsy  Slough — ^included  in  last  annual  report — and 
1,000  feet  on  the  right  bank  of  the  river,  below  the  foot  of  Island  63,  built  alter  June 
30.  The  bank  below  both  these  pieces  of  riprap  avIH  need  at  no  distant  day  some  fbr- 
ther  protection.  The  two  sloughs  opposite  Wilds,  1  mile  below  Betsy  Slough,  shonld 
be  closed,  as  the  river  shows  a  tendency  to  draw  in  that  way. 

Detailed  coat  of  BolUngHione  and  Belftff  Slough  trork. 


Pesriii>tiou. 


h4 


Dam  2  (slirct  No.  IT) 

Daiii  9  <Bh»*ft  Xo.17) 

Shore  jimtection  No.  U  (ahei-t  Xo.  17) 


SupiTintciKloDce  and  office  expenses 
Total  expended 


106 
1,000 


o  o 


1,667.5 

032.6 

2,20a3 


8g 

•5 1 1 


'       I 

!       < 


C<N.ydf. 
908.0 
551.1 
881.5 


4,806.4       2,335l6 


$2.376  47 
1.356  91 


8,688  81 
1,03711 


T.TMM 
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This  woik  was  bccuD  8apt«mberI6,  ni»lnr  a  contract  with  Jenkins  A.  Von  Gorder, 
ot  Winona,  Minn.  The  inspootor  w»a  Mr.  James  P.  Alloa,  Two  ilaina  Wflni  built,  as 
ebowu  on  the  aooompauyini  map,  and  two  piooes  of  shore  protection.  It  iraa  found 
iinpossiblt  to  bnild  tTie  works  as  orijfinaily  planned,  aa  it  would  Iinve  iuturfcred  loo 
much  with  the  navieatiou.  While  couBtruotiou  ww  in  pruj^reiw,  Soptcubei  24,  tboie 
trert>  niup  steaniera  held  there  trying  to  cross  the  bar, 

Uam  No.  16  was  built  to  a  height  of  4  feet  above  low-water.  The  end  abutting  on 
Island  7(1  will  probably  Buttle  sotuewhat,  the  sand-bar  on  that  side  of  the  gluiigh  being 
extiemt^ly  soft  and  easily  diatitrbed.  The  dam  extends  Irom  Island  70  to  iSand  71, 
and  ia  TIO  feet  long.  It  stops  a  slongh  which  diverted  a  large  portion  of  the  low- 
water  fiuw  ftotn  the  main  river. 

Dam  No.  20  eitends  from  Island  71  to  Island  72,  and  closes  a  similar  gap,  dry  at 
low-wat«r.  This  (lam  consists  of  one  layer  of  rock  and  brush  only.  The  shore  pro- 
t«ctiuns  on  Island  71,  and  opposite  Argo  Island,  were,- like  those  at  Betsy  Slongh,  built 
lighter  than  those  put  iu  in  l^S,  and  appear  to  stand  equally  well. 

An  examination  made  May  4,  1B80,  at  a  stage  of  8.1  feet  aboro  low-water,  shows 
that  the  channel  haa  uhangtd  somewhat  since  1S78,  being  closer  to  the  head  of  Island 
72.  The  3-foot  con t«tu^  give  a  width  of  cbatinel  not  less  than  400  feet  on  the  crossing. 
It  will  be  neceHsary  to  contract  the  width  of  the  channel  opposite  Island  71  by  a 
epuT  or  spurs  from  the  right  bank,  as  the  river  is  here  very  flat,  and  the  water  Is 
wasted  over  a  large  area. 

There  should  aleo  be  a  spur  &om  Island  72,  and  some  shore  proteotioD  on  the  head 
of  Island  72,  A  small  slonzh  back  of  Island  70  should  also  be  closed,  as  a  large 
amount  of  water  h  wasted  through  it,  and  the  width  appears  to  be  increasing. 


Delaihi  coti  of  iViii 


1                                          lIpBCHplJall. 

Ruck,  at 

LlnoiaTwttl-17prr«n 

1  U.y^ 

Eru.li,.t 
mbi"i^ 

Amonnt. 

1,185 

1,TB5.S 

XTse.1 

«2,  US  T> 

1,210  « 

L       -          d 

((,>!B.3 

5,013.8 

10, 7M  M 

i,segiw 



i2,*zaw 

queen's  bldff. 

No  work  was  done  at  this  place  last  seasna,  tliough  authority  was  granted  for  some 
riprap  opposite  the  dams,  other  places  appearing  to  need  tbeeKpeuditure  more.  This 
sbore  protection  should  be  put  in  soon.  The  result  of  the  works  at  Queen's  Bluff,  ^ut 
iniDl&76,  has  been  very  gratifying,  no  detention  to  stenmboata  having  occurred  during 
the  past  season  even  at  the  lowest  stage  of  water.  No  examination  was  made  at  this 
bar  during  the  past  spring,  but  it  is  believed  that  tbc  low-water  seaatiu  will  show  the 
«  of  the  good  resnlts  attained  lost  year. 


LA  CROSSE. 


above  La  Crosse  showed  a  strong  tendency  to  cut  in 
'  'aiuhl«ning  of  the  main  channel,  which  threw  the 


Late  in 
behind  Island  106,  ( 
eutrent  directly  on  the  bead  of  the  is 

A  low  djim  was  built  from  Island  105  to  the  left  bank,  and  375  feet  of  riprap  put  in 
at  the  head  of  the  island. 

It  was  intended  to  put  in  eomo  shore  prol«otion  on  the  shore  of  Barron  Island,  op- 
posite and  below  the  head  of  Island  105,  which  needs  it  very  muuh,  but  the  uold 
weather  drove  the  working  parties  from  the  field.    The  work  was  done  onilcr  an  in- 
_foinnal  contract  with  P.  S.  Davidson,  of  La  Crosse.     Mr.  C.  M.  Bennett  was  the  iu- 

The  dams  at  Island  104  and  Island  106  cannot  be  considered  as  more  than  partially 
[proving  this  part  of  the  river.  The  bar  above  the  city  was  in  a  very  bad  coniUtion 
-'  --  ■  pdiisrd  much  deliiy  and  trouble  tr    ' 
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The  water  flows  over  this  bar  in  a  thin  sheet,  and  shonld  be  concentrated  so  as  to 
give  greater  depth.  This  could  be  accomplished  by  bnilding  a  training  wall,  down 
stream  from  a  point  at  the  junction  of  the  Black  and  Mississippi  rivers,  and  a  short 
spur  from  the  shore  of  Island  106.  This  work  and  the  riprap  on  Island  106,  above 
referred  to,  are  very  important.    The  cutting  away  of  the  shore  of  Island  106  is  pro- 

fressing  very  rapioly  and  contributius  ereait  masses  of  material  to  the  bar  below, 
here  is  a  small  slough  which  enters  Black  River  opposite  the  elevator  wharf  and  has 
caused  the  formation  of  a  sand-bar,  which  greatly  interferes  with  the  operations  of 
steamers  and  rafts.    This  slougli  should  be  closed. 

Detailed  cent  of  La  Crosse  work. 


Description. 


CloRlng  dam  No.  4  (sheet  No.  21) 

Shore  protection  No.  1  (sheet  No.  31) 


Total 

Superintendence  and  office  expenses 


Total  expended 


I 


.a 


<8        nj 


M'^ 


& 


350 
375 


CfuHcydt. 
1,298.0 
l,27e.l 


2,509.1 


PQ 


Oubieydt. 
764.00 
407.85 


o 
S 


$2,163  3t 
1.020  58 


1,28L95 


4^083  97 
e33N 


4, 717  83 


FOOT  OF  CAS8VILLE  SLOUGH. 

Work  could  not  be  begun  until  late  in  tlie  season  owing  to  a  combination  of  circum- 
stances. No  contractor  could  be  found  willing  to  undertake  the  furnishing  of  brush 
and  rock  so  near  the  cold  weather  season,  so  all  the  work  was  done  by  hired  labor. 
The  work  was  somewhat  delayed  by  rain  and  wind,  the  latter  makine  the  handling  of 
steamer  and  barges  difficult.  Finally,  the  close  of  navigation  drove  tne  working  party 
in  before  the  work  was  completed. 

The  closing  dam  from  Island  192  to  the  main  shore  was  finished,  also  the  riprap  at 
the  head  of  Island  192.  Eight  hundred  and  fifty  feet  of  riprap  on  the  right  bank  op- 
posite the  hoa<l  of  Island  ISS  was  completed  to  a  height  of  4  feet  above  low-water. 
An  examination  made  April  27,  1880,  shows  a  great  improvement  in  the  condition  of 
this  bar  due  to  the  action  of  tlio  dam  at  Island  192. 

There  is  a  wide  3-foot  channel  and  but  slight  interruption  to  the  4i-foot  channel 
The  water  shows  a  tendency  to  follow  the  shore  of  J^land  192,  and  should  be  inter- 
cepted by  a  low  spur.  The  shore  near  the  foot  of  12-mile  Island,  opj^osite  192y  form- 
ing the  right  bank  of  the  chute,  should  bo  further  riprapped,  as  it  is  of  very  sandy 
material  and  washes  rai>idly. 

This  bar  gave  great  trouble  to  both  steamers  and  raft>s  during  the  low-water  of  Sep- 
tember and  OctoT)(;r,  1878.  Some  of  the  raft-boats  could  not  cross  at  all  and  had  to 
lie  below  the  bar,  waiting  for  their  rafts  to  be  sent  do^vn  to  them  by  a  lighter  boat. 

The  bar  has  becjn  for  niaiij'  years  one  of  the  worst  obstructions  on  the  Upper  Missis- 
si  pin  River. 

Detailed  cost  of  Cassville  work. 

Cost  of  labor '$7,106  90 

Hire  of  steamer  a^id  use  of  steam-launch 1, 618  80 

Hire  of  barges/ 1,060  66 

Purchase  of  tents  and  pLint 405  57 

Cost  of  lath  yam,  2,1^10  pounds 192  50 

Purchase  of  powder  (110  pounds  still  on  hand) 368  40 

Quarry  and  brush  royalties 65  00 

Superintendence  and  traveling  expenses 1,677  90 

Total  cost 12,497  12 
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Summary. 


Description. 


gMfaig  dam  Ko.  1  (sheet  33) 

NOn  protection  Xo.  1  (sheet  33) . 
ftore  protection  No.  2  (sheet  33) . 
Itedved  at  works  and  not  put  in 


Totals 


Linear ' 
feet.    I 


520 
423  I 
850  I 


Poles. 


1,811 
784 
4S0 
430 


Kock. 


3,475 


Cubic  yds. 

8,098.25 

1.094.00 

879.00 

125.00 


5,196.25 


Summary  of  cost. 


Brush. 


Cubic  ydt. 

2, 348. 50 

842.00 

779.50 

556.09 


4,426.00 


I^^«<^"P«on.                                                         cuWcy^aS^  Total 

i 

Vahie  of  material  on  hand ! $204  87 

9iM0.75  cubic  yards  material  put  in  work $1  17^  ,  10,614  35 

faperijitendence and  traveling  expenses I  1,677  90 

Total  cost ;  12,497  12 


BELLEVUE   BAR. 

No  work  has  been  doue  at  this  place  since  1878,  when  the  dam  was  put  in  at  the 
head  of  Island  248. 

Two  examinations  were  made  during  the  present  fiscal  year,  one  in  August,  1879,  at 
low-water,  and  one  April,  1880,  at  a  high  stage.  Both  show  a  marked  tendency  of  the 
water  to  form  a  new  cnannel  close  to  the  right  bank  of  the  river.  This  will  be  a  great 
improvenient  if  it  can  be  secured.  A  small  amount  of  dredging  towards  the  lower 
end  of  the  bar  would  perhaps  determine  the  channel  in  the  desired  position,  and  I 
recommend  that  the  attempt  be  made.  The  channel  once  secured  in  this  place  will 
probably  be  permanent,  or  at  least  will  allow  of  its  being  made  so  at  a  small  propor- 
tionate cost.  Bellevue  Bar  continued  to  give  trouble  last  year,  and  many  rafts  and 
steamers  were  delayed  there.  The  dam  at  the  head  of  Island  248  has  stood  well,  but 
only  was  built  li  foot  above  water  and  should  be  raised  at  least  2  feet. 

HARBOR  OF  ROCK  ISLAND,   ILLINOIS. 

A  survey  and  estimate  was  made  under  your  orders  September  17, 1879,  showing  the 
condition  and  cost  of  removing  of  a  sand-bar  which  envelops  the  river  front  of  Kock 
Island,  and  interferes  greatly  with  navigation.  A  small  amount  of  dredging  would 
affoid  great  relief  to  the  steamers  landing  here  for  freight  and  coal.  Rock  Island  being 
one  of  tne  principal  coaling  stations  on  the  Upper  Mississippi  Kiver.  (See  your  letter 
to  Chief  of  Engineers  dated  November  5,  1879,  forming  part  of  H.  Ex.  Doc.  No.  !)2, 
Forty-filxth  Congress,  second  session. ) 

ARNOLD'S  BAR. 

Great  trouble  and  delay  wore  experienced  last  season  at  Arnold's  Bar.  The  river 
splits  on  Island  259  into  two  channels,  and  has  for  several  years  been  in  very  bad  con- 
dition at  low-water.  A  dam  should  be  built  closing  one  or  the  other  of  these  chan- 
nd^  the  one  to  be  closed  being  determined  by  surveys  later  in  the  season.  The 
beaa  of  Island  259  should  also  bo  protected  by  riprap,  and  some  riprap  i)ut  in  on 
lSbib  share  below  Island  259  if  the  left  arm  of  the  river  is  closed. 


SAMPLES  OF  MATERIALS. 

aples  of  sand,  clay,  and  mud  were  collected  at  various  places  during  the  past  sea- 
fa  obedience  to  your  orders  I  append  the  following  table  of  specific  gravities 
and  weights  i>er  cubic  foot.  The  samples  of  ^nd  taken  from  different  bars  vary  little 
in  aBpearance,  nearly  all  the  bars  containing  all  the  different  grades  in  varying  pro- 
porSons  and  positions. 

The  ssmples  of  materials  from  Galena  River  were  taken  with  a  dredge^  and  the 
wei^it  per  cnbic  foot  determined  by  actual  measurement  in  a  box  1  cubic  foot  in 
dimenrion.  The  specific  gravity  in  this  case  has  been  determined  from  the  weight 
per  onUe  foot,  water  at  maximum  density  being  the  standard. 
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In  all  the  eam^lM  except  those,  taken  from  Galena  Blver,  the  aaiid  was  well  Hhaba 
]n  the  bottle  nntil  it  woDld  oompaot  no  more.  The  weight*  and  ipeoifio  crttTitiM  t£ 
the  wet  sand  lefor  to  sand  perfectly  wet,  the  excess  of  water  being  poorea  off.  Wat 
■and  taken  6om  a  dredge  would  be  lighter  as  it  would  oontaia  leu  watw.  The  ratio 
of  absorption  given  in  £he  table  is  nnderBtood  to  be  the  difference  of  weight  betWMB. 
the  aame  samwe  wet  and  dxj,  divided  by  the  weight  of  a  volume  of  water  eqnat  ta 
the  Tolnme  ^t  sand. 

Very  jceapeotfnlly,  your  obedient  serrant, 


H.  Hxi 


EUM, 
EBfteeer. 


Table  oftpecific  graviika,  ifr. 


Locality. 

t 
1 

! 
1 

1 
P 

■8 

1 

^.. 

PrewottBar 

2 

1 

iS 

a! 1350 

1.8B17 
2.0518 
1.S883 

1.1BB0 

£.1830 
1.8820 

2.  MSB 

r873B 

L8557 

,,  -into 
i;«8ie 
Eaoss 

1.0003 

LKBj 

1.B083 

112.81 
IB3.M 

is&is 

1M.3S 
135.33 

11.1  M 
U1-B3 

14?;  M 

ii»,un 

114.  0» 

ST.  00 
1CH.O0 
123,00 

119.00 

lt.S4S»4 

Very  fine  aandj  dry. 

ii-mK 

ikiute 

s:;S2Jssffia',!si 

BmlUi'^Bar 

o-aew 

0.JS8SD 

0.13m 

Mount  Vera™.... 

0. 38838 

iteibim  and  Sne  nnd  mixed  j  dry. 

0.31458 

0.  IIMI 

Fine  gravel  with  a  litUe  und ;  drj-. 
Vhir:  )^vel  with  a  lllUe  Mmd :  wet. 
Vc^rj  flue  und.  Impure,  lower  edge  of  tar; 

Vwy  flno  eand.  Impure,  lower  ed^e  of  Ur, 

Fine  Band,  oppoaito  Waple'e  Cut ;  dry. 
Finn  NUid.  opfwBlle  Wnle'a  Cnt :  wA. 

Fure  aand,  ooter  edge  o(  baii  wet! 

Dobnqo«Bar 

0.32380 

0.31431 

BellovneBar 

0.34430 

0.31830 

0.17733 

8ai<  very  fine  ud  Impure,  above  Bptatr> 
CUy  and  mod,  a  little  eandy ;  wet. 

REPOnx  OF  MR.  1 


Cai-tais  :  I  11.-IV0  tlic  lio 
works  for  iiiiiu-oviiig  imvi" 
Moiucx  lin|)i<ls. 


r.    HOFFMAKX,    ASaiSTAXT 

United  States  Enoinekk  Officx, 

Itock  Iiland,  JU.,  Jhm  30,  1880. 

<>  diLliniit  iii.v  jtiiiiii.il  rrpurt  in  n>ti?renc'»  to  c«rtalB 
1  (>r  tlio  Mi>-i*sii.|ii  KiviT  Imiii  R<H-fc  Inland  to  Dm 
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WORK  NEAR  HORSE  ISLAND. 

It  was  decided  to  improve  the  channel  of  the  river  near  Horse  Island,  about  4  miles 
below  Rock  Island,  by  removing  certain  patches  of  rock.  Two  trials  were  made  by 
*  dredge,  which  showed  the  necessity  of  nrst  chiseling  the  rock.  Messrs.  Whitney  &, 
Bon  obtained  the  contract  for  removing  this  rock,  for  which  they  were  paid  $2.50  per 
yard.  The  horizontal  stratification  of  the  rock  made  it  necessary  to  break  i\  feet  of 
lock,  and  the  estimated  amounts  of  these  patches  were  very,  much  overrun,  so  that 
only  a  part  of  the  improvement  could  be  effected  with  the  funds  available.  From 
Augast  26  to  October  16,  1879,  1,583.79  cubic  yards  of  rock  were  removed,  leaving  250 
eubic  yards  chiseled  but  not  removed.  Dredging  was  resumed  March  31,  but  only 
75.7  cubic  yards  of  rock  were  removed, »work  being  stoppe^l  by  high  stage  of  water, 
llie  total  quantity  of  rock  removed  at  Horse  Island  is,  therefore,  1,659.17  cubic  yards, 
and  the  amount  of  money  paid  for  its  removal  is  $4,147.92. 

REMOVAL  OF  OBSTRUCTIONS  AT  SMITH'S  ISLAND. 

It  having  been  reported  that  bowlders  were  to  be  found  in  the  middle  of  the  chan- 
nel near  Smithes  Island,  about  8  miles  below  Kock  Island,  with  but  2  feet  of  water 
over  them  at  low-water,  an  examination  was  made,  and  the  steam-drill  was  taken 
down  to  the  locality.  The  so-called  bowlders  proved  to  be  heavy  building  stone  un- 
loaded from  a  flat-boat  caught  in  the  ice  in  this  vicinity  in  1866.  By  constructing  a 
derrick  upon  the  steam-drill  scow,  and  using  the  powerful  capstan  engine  of  the  boat, 
13  heavy  building  stones  were  taken  from  the  river  and  deT)osited  on  the  Iowa  shore. 
These  stones  averaged  from  1|  to  2  cubic  yards  each  in  contents.  Lying  closely  to- 
gether they  might  easily  have  been  taken  for  bowlders.  This  work  was  finished  on 
November  14. 

DREDGING  AT  KEITHSBUKG,   ILLINOIS. 

The  river  at  this  place  is  very  wide,  and  at  a  low  stajj^e  of  water  very  shallow,  with 
a  bottom  which  has  always  been  called  rock.  On  the  .3d  of  November  a  chisel-boat 
was  placed  at  the  crossing  and  compienced  work.  A  few  days  later  the  dredge  was 
towed  into  position.  It  soon  became  evident  that  the  dredge  could  execute  the  work 
without  the  assistance  of  the  chisel- boat,  and  it  was  therefore  withdrawn.  A  careful 
observation  in  reference  to  the  composition  of  the  material  dredged  up  classifies  the 
different  parts  of  the  conglomerate  as  follows  : 

00  per  cent,  is  a  hard  black  clay. 

30  per  cent,  are  bowlders  of  sienite,  granite,  porphyry,  &c. 

5  per  cent,  is  a  coarse  gravel. 

5  per  cent,  is  a  coarse  sand. 

The  work  was  vigorously  ptished  by  Messrs.  Wliitnoy  4p  Son,  the  contractors,  until 
the  inclement  weather  forced  the  withdrawal  of  the  dredge  November  30.  The 
monthly  estimate  showed  during  26  actual  working  days  a  daily  excavation  of  about 
206  cubic  yards,  or  a  total  of  5,*^5.1  cubic  yanls.  Under  the  first  supposition  that  the 
material  at  this  bar  consisted  of  solid  rock,  which  could  only  be  excavated  by  chisel- 
boat  aAd  dredge,  the  price  per  cubic  yard  was  to  be  %2  for  v.'irk  done  by  the  chisel- 
boat,  and  $1  for  work  accomplished  by  the  dredge,  but  when  the  nature  of  the  material 
was  fully  developed,  the  price  was  changed  to  60  cents  per  cubic  yartl. 

On  March  19,  1880,  work  of  excavation  was  resumed  and  continued  until  March  30. 
Daring  this  time  2,272.66  cubic  yards  of  material  were  removed.*  The  estimated 
amount  of  dredging  for  bnproving  the  crossing  at  Keithsburg  is  29,057  cubic  yards, 
and  the  amount  of  material  removed  was  7,627.76  cubic  yarcis,  leaving  21,430  cubic 
yards  yet  to  be  dredged,  as  is  shown  in  the  sketch  accompanying  this  report. 

An  appropriation  of  $20,000  is  necessary  to  make  the  work  commenced  useful  for 
nayigation.  The  money  so  far  expended  for  the  removal  of  the  7,627.76  cubic  yards 
coccavated  is  $5,034.32. 

All  of  which  is  most  respectfully  submitted. 

E.  F.  Hoffmann, 

Assistant  Engineer » 

Capt.  Alexander  Mackenzie, 

Corp9  of  Engineers f  U,  8,  A, 

96  E 
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Abstract  of  all  propottals  received  and  opened  this  27th  day  of  August,  1879,  hy  Capt.  A, 
Mackenzie  J  Corps  of  Engineers  j  V.  S.  A.,  for  building  dams  and  shore  protections  of  bnuk 
and  stone  at  Smithes  Barf  5  miles  below  Prescott,  Wis, 


I 


1 
2 
8 
4 
5 


Names  aud  residences  of  bidders. 


£.  £.  Hecrmsnii,  Beed's  Landiug  . . . 

P.  S.  Davidson,  La  Crosse,  Wis 

John  Gage,  Wabasha,  Minn 

Winston  BrosM^Mlnneapolis,  Minn. 
Sid.  J.  Tniax,  Hastings  Minn 


7,000  cubic  yards 
stone. 


Per  cubic 
yard. 


Amount. 


$1  85 

1  10 

1  24 

1  15 

89 


$12,  950 
7,700 
8.680 
8,050 
6,230 


6,500  cubic  yards  ; 
brush. 


Per  cubic 
yard. 


fl  50 
80 
79 
88 
79 


,  Aggregate 


Amount. 


$9,750 
5.200 
5,135 
5,720 
5,135 


122, 7M 

12,  Mt 
13, 8U 

13,  Tit 
11. 


Abstract  of  all  prfiposaU  received  and  opened  this  "Ztth  day  of  August y  1879,  by  Capt,  A. 
MackensiCy  Corps  of  Engineers,  U,  S,'A.,for  building  dams  and  shore  protections  of  brush 
and  stone  at  Mount  Vei'non  Bars,  2  miles  below  Minnie^ka,  Minn, 


u 
o 

I 

ill 


1 

2 
8 

4 

6 


Names  and  residences  of  bidders. 


I 

10,000  cubic  yards  ;  9,000  cubic  yards 

stone.  brush. 


Per  cubic 
yard. 


£.  K.  Heermann.  Reed's  Landing,  Minn '-  $1  95 

IV  S.  Davidmm,  La  Crosse,  Wis I  1  20 

J.  H.  Jenkins  and  S.  D.  Van  Gorder,  Winona,  j 

Minn 123 

Robert  M.  Mooer  and  L.  Rossiter,  La  Crosse, 

Wis :  150 

Jacob  Ricbtman,  Fountain  City,  Wis I  1  40 


Aggregate. 


$19,500 
12,  000 

12,300 

15, 000 
14,000 


$1  50 
80 

53 

50 
80 


$13.  500 
7,200  : 

4,770  I 

4.500  ' 
7,200  I 


$33.00$ 
19^20$ 

19,500 
21,200 


Abstract  of  all  proposals  received  and  opened  this  2tth  day  of  August,  1879,  by  Capt.  A* 
Mackenzie,  Corps  of  Engineers,  U,  S.A.,  for  building  dams  and  shore  protections  of  brush 
and  stone  at  bar  1  mile  above  Winona,  Minn. 


I 


1 
2 

8 

4 


Names  and  residences  of  bidders. 


P.  S.  Davidson,  La  Crosse,  Wis 

J.  H.  Jenkins  and  S.  D.  Van  Gorder,  Winona, 

Minn  .  .... 

Robert  K.  Mooer  and  L.  Rossiter,  La  Crosse, 

Wis -• 

Jacob  Ricbtman,  Fountain  City,  Wis 


10,000  cubic  yards 
stone. 


Per  cubic 
yard. 


$1  20 

1  17 

1  50 
1  20 


Amount. 


$12, 000 

11, 700 

15,000 
12,000 


9,000  cubic  yards  . 
brush. 


Aggregate. 


Per  cubic    *„«„„*  •• 
vard.      ^«"o»^t- 


$0  80 ; 

53  ■ 

50  ' 
80  I 


$7,200 

4,770 

4.500 
7,200 


$19,200 

10,470 

19,  500 
19,200 


S  3. 

IMPROVEMENT  OF  THE   MISSISSIPPI  RIVER  FROM   DES  MOINES  RAPIDS 

TO  MOUTH  OF  THE  ILLINOIS  RIVER. 


The  works  under  this  bead  of  appropriii  tiou  were  in  local  charge  of  Gapt. 
B.  D.  Greene,  Corps  of  Enf^iiieers,  until  Januarj*^  1,  1880,  at  which  time 
he  was  transferred  to  Detroit.  From  his  reports  and  memoranda  many 
of  the  following  details  were  gathered.  He  took  personal  charge  of 
operations  in  the  field,  and  to  his  intelligent  and  zealous  labors  is  due 
in  great  part  the  successful  management  of  the  work. 
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I.— CANTON,  MISSOUET. 

The  improvement  of  the  river  in  this  vicinity,  and  for  a  stretch  of 
river  17  miles  in  length,  extending  from  Canton  to  Quinc^^,  embracing 
Wyaeonda  Bar  and  several  other  shallow  crossings,  was  selected  as  one 
of  the  points  of  operations  nnder  the  appropriation  for  fiscal  year  ending 
June  30,  1880.  For  nearly  the  whole  distance  the  river  was  divided 
into  two  channels,  the  one  to  the  west  being  the  main  channel,  and  the 
one  to  the  east  called  Canton  Chute.  This  latter  carried  about  one- 
fourth  of  the  total  volume  of  water  in  the  river. 

The  work  proposed  b}'  Major  Farcpihar  in  his  project  of  April  8, 1879, 
was  the  closing  of  Canton  Chute  near  its  head  by  a  dam  of  brush  and 
stone ;  the  closing  of  several  smaller  lateral  chutes  below,  which  di- 
verted considerable  water  from  the  mainchani)el;  and  a  spur  dam  from 
above  the  head  of  Canton  Chute,  with  a  view  to  shifting  the  channel 
to  the  Canton  shore,  and  improving  the  steamboat  landings  at  that 
place.  It  was  thought  that  the  increased  volume  of  water  thus  turned 
into  the  main  channel  would  materially  benefit  the  stretch  of  river  above 
mentioned,  and  especially  iinjuove  Wyaconda  Bar.  The  above  indi- 
cated project  was  approved  bv  the  Chief  of  Engineers,  under  date  of 
May  12,  1879. 

Owing  to  the  small  amount  of  money  allotted  for  this  locality,  it  was 
decided  to  first  construct  only  the  Canton  and  Smoot  Chute  Dams,  and 
to  protect  from  abrasion  the  head  of  Island  No.  416.  The  work  was  ad- 
vertised, and  the  contnict  awarded  to  S.  S.  Sample,  of  Keokuk,  Iowa, 
Who  began  work  September  18,  1879,  and  finished  November  25. 

Canton  Chute  Bam  (No.  1,  sheet  66). — This  closing  dam  was  located 
about  700  feet  below  the  head  of  Island  No.  416,  is  1,095  feet  long,  with 
Bhore  protection  on  the  island  end  200  feet  in  length,  and  on  the  Illinois 
shoreSO  feet.  The  crest  of  the  dam  was  raised  to  a  height  of  4  feet  above 
low- water.  About  150  feet  of  the  dam,  being  built  on  a  quicksand 
bottom,  settled  about  3  feet ;  and  this  gap  was  afterwards  filled  with 
lock  and  gravel.  Captain  Greene,  in  speaking  of  the  Canton  Chute 
l^am,  says : 

Near  one  end  of  the  dam  th'ire  was  some  trouble  from  settling,  for  a  dUtance  of  150 
^t  or  more.  This  was  stopped  by  backing  up  with  gravel  for  a  distance  of  8  or  10 
^«t.  The  bar  from  which  this  gravel  was  taken  is,  so  far  as  I  know,  the  only  bed  of 
F|Dire  gravel  upon  this  section  of  the  river.  It  is  situated  just  at  the  entrance  to  Canton 
Chute,  extending  out  from  the  main  shore,  and  is  of  very  considerable  extent.  This 
iWkvel  will  be  valnable  in  works  of  improvement,  and  perhaps  still  more  so  if  placed 
■ft  the  country  roads.  Other  gravel  bars  in  this  vicinity  contain  an  excess  of  disinte- 
P*ted  limestone  and  flint. 

Smoot  Chute  Bam  (No.  2,  sheet  QG). — This  dam  is  370  feet  long,  with 
200  feet  shore  protection  at  each  end,  and  was  built  across  the  lateral 
^ute  between  Islands  No.  410  and  418.  It  was  brought  up  to  a  height 
^2  feet  above  low- water  of  18(>4. 

Shore  protection  at  head  of  Island  Xo.  416  (No.  1,  sheet  (}(}). — This  is 
^ut  1,000  feet  in  length,  extending  200  feet  down  the  chute,  and  800 
f^t  along  the  western  side  of  the  island,  with  an  average  width  of  35 
«et. 
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Summary  of  work  at  Canton ,  Mo,,  for  fiscal  year  ending  June  90,  1680. 


DeRci'iptJOD. 


Canton  chnte  dam 
Kmoot  ohute  dam . . 
Shore  protection . . 


Total 

Snperintendenoe,  office  expeuMCH,  &,c. 


Total  expended. 


].095 

370 

1,000 


I 


t     !   t 


8| 


|1 


It 


Amount. 


m       I    6 


^§ 


Cubic  yds.,  Cubic  yds.  Cubic  ffd».\ 
3.422.61  I  2,278.41  ,      2Se.48  '  $5,764  02 

1,345.38  1      829.01  ! |     2,106  40 

1,268.24  11.020.48  1 ,    2,17277 


6,036.23    -4,134.80 


250.43  I  10,002  78 
00000 


10,780  10 


Mr.  W.  A.  Thompson,  inspector  at  Canton,  deserves  credit  for  the^able 
and  zealous  performance  of  his  duties. 

II. — HANNIBAL,  MISSOURI. 

A  small  amount  of  dredging  was  done  here  by  special  direction  of  the 
Secretary  of  War.  This  furnished  temporary  relief  just  at  the  steamboat 
landing  and  the  trouble  will  recur  until  radical  changes  are  made  in  the 
river  in  this  vicinity..  A  report  on  this  subject  was  submitted  by  me 
January  17,  1880,  and  is  printed  in  Miscellaneous  Document  No.  24, 
Forty-sixth  Congress,  second  session. 

Summary  of  work  at  HannihaJ,  J/o.,  for  fiscal  year  ending  June  30,  1880. 

Dredj^in^?  3,84r>.H5  cubic  .vardH  mud  and  wand,  at  "20  ceiitft $769  17 

Superiuteiidonce,  office  oxponses,  Ac 53  34 


8^51 


III. — GILBEKTS  ISLAND. 


The  works  proposed  at  this  phice  were  to  close  Gilbert's  Chute,  to  pio- 
tect  the  Illinois  shore,  and  to  build  several  spur  dams  in  the  vicinity  of 
Gilbert's  Island  to  rectify  the  channel  of  the  river.  This  project  of 
Major  Farquhar,  Corps  of  Engineers,  was  submitted  through  the  Chief 
of  Engineers  to  the  Board  of  Engineers  on  the  low-water  navigation  of 
the  Mississippi  River,  and  approved  by  them,  as  follows: 

Bo.vKi)  Room,  Enginekr  Office, 
Saint  LouiSy  Mo.,  November  15,  1878. 
(Jeneral:     ♦     ^     *    xiie  Board  approvcH  of  the  building  of  the  clooing  dam  in  Gil- 
bert^H  Chute,  the  H])ur  daui  from  right  bauk  at  liead  of  chute,  the  spar  on  sandb^ 
from  left  bauk  above  (filbert's  iRluud,  aud  a  Hhore  prot«ction  on  the  lUinoia  shore 
wherever  it  may  bo  fouud  uecessary.     The  other  works  at  and  below  the  head  of  the 
island  to  be  built  when  a  uecesHity  for  them  ia  hIiowu. 
Very  respectfully,  your  obedient  servant, 

J.  G.  Barnard, 
Colonel  of  Engineers  and  Bvt.  Maj,  Gen., 

President  of  the  Board, 

Gen.  A.  A.  Humph  keys, 

Chief  of  Engineers  J  U.  S.  A. 

The  above  finding  of  the  Board  was  approved  by  the  Chief  of  En- 
gineers under  date  of  November  2(),  1878.  By  letter  from  the  Chief  of 
Engineers  dated  August  15, 1879, 1  was  authorized  to  make  such  changes 
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ill  the  fomluct  of  the  work  a«  experieiiee  should  tltctaua,  it  beiut;  im- 
possible to  devise  plans  for  tlieimprovumentof  auy<M>i)sideral)le  stretch 
of  river  which  could  be  rigidly  carried  out,  I  was  also  authorized  to  em- 
jtloy  dredging  as  an  auxiliary. 

The  contract  for  tiip  works  at  Gilliert's  Island  hml  Iweii  awarded  to 
W.  A,  McConuell,  of  Quiucy,  111.,  bnt  owing  to  his  failure  to  make  satis- 
factory progress,  it  was  taken  from  him  and  given  to  his  sureties,  who 
carried  on  the  work  until  the  latt«r  |»art  of  September,  when,  tlie  approx- 
iiuat«  qnantities  having  befii  riiiiiishiil,  i  he  contract  was  closed.  Much 
annoyance  and  delay  resntlcil  Ihkh  the  laiiiire  of  the  contractor  to  per- 
form his  contract,  and  Miilioi-iii'-iiily  iVnui  the  inefficiency  and  inexperi- 
ence of  the  sureties.  Early  in  Oiinlx-r  the  work  waa  taken  in  Land  by 
the  government  and  prosecnted  by  hired  labor  to  the  close  of  the  season. 

Giiberfu  Chate  Dam  (No.  0,  sheet  7.t), — This  is  l,7to  feet  In  length  and 
located  about  2,50(>  feet  below  head  of  Gilbert's  Island,  with  shore  pro- 
tections on  each  end.  The  greatest  depth  of  water  on  the  line  of  the 
(lam  WHS  7  feet  below  low-water  of  18fi4,  and  tlie  average  dei>th  4.27  feet. 
The  construction  waa  the  same  tta  lieretotbi'e  adopteil.  As  originally 
designed  the  ci-est  of  this  tiam  was  built  to  I  foot  below  low-water  of 
18C4  in  the  center,  from  when<'C  it  gradually  rose  to  2  feet  above  low- 
water  at  Missouri  shore  and  3  feet  above  at  the  island  shore,  and  it  was 
comjdetfd  on  this  plan  on  .Tune  IT,  18711.  Subsei^nently  it  waa  decided 
to  raise  it,  and  in  September  a  further  quantity  of  rock  and  gravel  was 
placed  on  it  bringing  the  elevation  tbrongbout  to  a  height  of  2^  foet 
;ibove  low -water. 

Itam  Xo.  5  (sheet  72). — A  wing  daio  was  commenced  beginning  at 
tbe  gravel  point  just  above  bead  of  GilberlV  Island  on  Missouri  shore 
and  extending  oiit  into  the  river  for  the  purpose  of  turning  tije  current 
down  the  Cincinnnti  side.  After  a  short  time,  however,  work  on  this 
dam  was  stopped,  other  points  appearing  to  require  more  immediate 
attention. 

niimm  nhore  protection  (Vo.  1,  sheet  72,  Nos.  2 and  3,  sheet  73). — That 
part  of  the  HUnois  shore  rei)uiring  protection  extends  from  a  point  op- 
jiosite  head  of  Gilbert's  Isltinil  to  dam  No.  3,  a  distance  of  13,000  feet. 
A  portion  of  this  work  was  done  in  May  and  June.  1879,  some  1,050  feet 
of  batik  Ireing  protected  at  that  time.  Later  in  the  season  about  9,000 
additional  feet  of  shore  protection  were  built  at  nuch  places  as  it  was 
deemed  most  necessary. 

Gill>'-rt\  lx)iu"(  nl,i>ir  jiroimtion  (So.  4,  sheet  73).— Some  l,0(Kl  feet  of 
bank  werciiniteciL'il  -.w  ilielowereud  of  Gilbert's  Island.  At  this  place 
and  on  ;i  \m\{  of  t!it;  I lliiiois  shore  work  piers  of  brush  and  stone  were 
ciJti-tliiKtcd  at  intervids  of  .»0  to  100  feet,  and  between  tlie  bank  waa 
.-Ii.|i('il  iiiid  covered  with  gravel  extending  out  to  a  depth  of  ll'om  5  to 
H)  I'ei-r. 

\Vijiij-<Um  Xo.  4  (sheet  73). — This  dam  extends  out  from  the  Illinois 
nhuic  o|iposite  fixit  of  Island  N'o.  449;  was  begun  .luly  17,  and  flniahed 
AngusI  ~,  ISTO.  It  is  TOO  feet  in  length  with  shot's  protection  100  feet 
long  and  s|iur  at  outer  t-iid  i»  feet.  Crest  at  shore  cod  3  feet  above 
low-water,  iit  oiUcr  end  1  f...l  below. 

,  Jienmnrl  fsh.t'l  lhii,i  ;Nii.  7.  ^b.-et  T;!i.— This  closing  dam  is  1,500  feet 
fclengtli ;  ;i  jmilJdti.  sume  Too  fert.  exiciids  across  a  sand  bar,  bnt  tbe 

niaindcrwiis  built  ni  i|ei-|.\v;iiei-,  nuiijiiL;,'  from  10  to  20 feet  below  low- 
In  tlic  deeiier  ]mili<iTi  gii-iit  diHienlty  was  experienced  in  sink- 

j  mats  on  the  line.    This  d;nu  wjls  ciuried  to  an  average  height  of 

toot  6  feet  above  the  bottom. 


1 
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Drift  Slough  Dam. — A  layer  of  brush  ami  rock  was  plap«cl  a<!ro8a  tW 
head  of  Drift  Slongh  to  prevent  it  from  wkieninR. 

Dredifing. — Froiii  an  examinaMon  of  Uie  east  chaunel  in  Jnly,  187'J,  \\ 
became  evident  that  a  gooil  channel  coiihl  not  be  maintained  even  witli 
the  increase  of  volume  attributable  to  the  Oilberi's  Chute  Uam,  and  ac- 
cordingly dredging  was  resorte*!  to  with  a  view  to  assist  the  ojierationi 
of  the  dama  and  open  a  channel  for  boats,  but  the  water  falling  vei; 
rapidly  left  the  channel  in  ver>'  bad  shaiie  and  much  trouble  was  ei 
perienced.  The  dredges  worked  with  inditlerent success,  the  sand  sliifb 
ing  very  rapidly  and  obliterating  in  great  part  the  results  of  their  labors 
The  main  object  was  to  open  a  cut  along  the  Illinois  shore  from  tM 
pochet  above  dam  No,  3  to  the  deep  water  below  dam  No.  4,  and  thii 
was  finally  accomplished  after  many  interruptions,  but  in  a  short  tints 
nearly  the  whole  cut  had  tille<l  up.  An  examination,  however,  made  in 
the  spring  of  18S0,  shows  that  the  main  channel  now  follows  the  conras 
of  this  cut  and  bids  fair  to  be  lasting  and  good. 

A  great  deal  of  time  was  spent  in  deepening  by  dredging  the  squara 
crossing  between  dams  2  and  3,  and  by  this  means  a  tolerable  channel 
was  kept  open  i'or  boats.  A  cat  was  also  made  along  Gilbert's  Island 
from  above  dam  No.  2  to  a  point  some  distance  below,  but  this  afforded 
relief  for  a  short  time  only  as  it  soon  filled  up  again. 

Wing-dam  No.  2  (sheet  73). — Runs  out  from  tbe  east  aide  of  Gilbert?! 
Island,  starting  from  a  point  about  800  feet  above  the  square  croseinf 
and  extends  700  feet  to  the  shoal  water  on  the  bar.  It  was  brongbt  n[ 
to  an  average  elevation  of  about  ]ow-wafer  maik.  More  material  is  n 
quired  to  complete  this  dam  and  give  its  crest  the  proper  elevation. 

Wingilam  No.  1  {sheet  73). — Runs  out  fVom  the  east  shore  of  Gilbertl 
Island  from  a  point  about  2,400  feet  almve  No.  2  and  is  about  700  feel 
in  length,  extending  to  shoal  water  on  the  bar  opposite.  ThiM  dam  if 
not  yet  completed. 

Wing-dam  No.  3  (sheet  73). — Was  begun  November  17  and  occupied 
a  part  of  the  working  force  nntil  the  termination  of  the  working  season 
December  10, 1879.  This  dam  runs  out  from  the  Illinois  shore  Irom  I 
point  a  abort  distance  below  the  square  crossing  Aume  1,200  feet,  and 
consists  of  2  layers  of  brush  covered  with  rock. 

Removal  of  portion  of  dam  No,  3. — A  survey  was  ma<le  by  Inspector  Oi 
N.  Chaffee  in  March,  1S80,  for  the  ptiriHwe  of  ascertaining  what  changed 
had  oceurretl  since  the  previous  survey  of  July,  1879.  It  was  foi  * 
that  tbe  best  channel  ran  down  the  Illinois  shore  over  dam  No.  3,  i 
past  the  end  of  dam  No.  -1.  The  square  crossing  which  had  been  t 
channel  of  the  year  before  was  found  to  be  filling  up  and  it  was  accord 
ingly  detenuined  to  remove  a  portion  of  dam  No.  3  by  dredging,  in  ordBi 
that  boats  might  pass  down  the  Illinois  shore  where  the  best  wata 
existed.  Work  was  begun  on  April  S  and  completed  on  the  lotb,  eoiDi 
430  feet  of  the  dam  being  taken  out  and  the  material  chiefly  depositei 
on  dam  No.  4.  Dredging  was  done  with  dredge  and  outfit  hired  by  tb 
day.  This  new  channel  is  straight  and  comparatively  deep,  and  it  I 
can  be  maintained,  of  which  there  now  seems  to  be  no  reasonable  donbl 
the  problem  of  the  improvement  of  this  locality  will  have  been  solved. 
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Of  UkB  nbflvp  ■moimt  the  iiim  of  (ll.TM.M  vu  eipeuded  prtgr  to  Jnlj  1, 1870. 

I  take  pleasure  m  calling  attention  to  the  zealous  and  able  manner  in 
which  the  inspector,  Mr.  O.  N.  Cbaffee,  lias  carried  on  the  various  works 
in  the  vicinity  of  Gilbert's  Island  wbich  have  been  superintended  by 
Mm  from  the  beginning. 

IV. — SLEII  ISLAND. 

The  works  proposed  I'or  the  locality,  which  are  included  in  the  project  for 

III'  improvement  of  the  river  from  juat  below  Clarksville,  Mo.,  t«  nam- 

L'.  III.,  a  distance  of  14  miles,  consist  iti  closing  several  side  channels 

i  lie  river,  to  confine  all  the  water  in  one  channel,  and  of  spiir-dams  to 

I I  lact  the  water-way  and  direct  the  currents.    The  original  project  of 
.  I'l- Farqiihar  received  the  indorseuient  of  the  "  Board  of  Engineers  on 

"*ater  navigation  of  the  Mississippi  River"  November  15, 1878,  and 

a|pprovaI  of  the  Chief  of  Engineers  November  20.    After  due  ad- 

'  1  lisement  the  contract  for  the  works  at  Slim  Island  was  awarded  to 

I  iiiin  &  Co.,  of  Saint  Louis,  who  pushed  their  work  energetically  and 

sitisfactorily  to  the  government. 

Cnrroll  Chute  Dam  (No.  1,  sheet  77). — Work  was  began  on  this  dam 
■\]m]  16, 1879,  and  it  was  completed  in  the  latter  part  of  September. 
It  is  fi78  feet  in  length,  and  was  built  to  a  height  of  2  feet  alJove  low- 
'^  Iter.  An  esamination  of  the  dam  made  this  spring  shows  that  it  has 
link  about  3  feet  evenly  along  its  length. 

•Slim  Xiland  shore  protection  (No.  1,  sheet  77). — This  work  was  begun 

"•'ay  13  and  completed  September  17,  1879,  during  which  time  2,966  feet 

"1  'living  bank  were  protected  li"om  abi'asion,  beginning  at  the  head  of 

'ill'  island  aud  extending  down  its  easteru  shore.     It  is  nowiu  excellent 

'  iiiiition. 

'  "'•«  Inland  Dam  (No.  2,  sheet  77).— This  dam  is  i28  feet  long,  with 

ic  protection  at  each  end  of  100  feet.    The  crest  of  the  dam  was  car- 

I  to  a  height  of  1  foot  above  low-water.    Work  was  begun  June  2 

I  titiishe*!  June  13, 1879.    This  dam  has  settled  but  slightly. 

'■'•TiKs'n  Mand  Dam  (No.  3,  sheet  77). — This  dam  is  1,204  feet  long, 

-li  100  feet  shore  protections.    The  .greater  part  of  the  dam  is  on  a 

■iii.i-bar,  whichisdry  at  low- water,  and  it  was  built  to  prevent  the  chan- 

iiii  from  cutting  through  this  bar.     Coniraeiiced  June  13  and  finished 

'"ly  H,  1879.    The  dam  remains  m  excellent  condition. 
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Tlie  construction  of  wing-clams  near  the  u)»per  side  of  sand-bars  to  hold  the  sand 
in  the  eddy  below  is  important  both  in  retaiuiug  the  sand  and  rendering  the  chaunel 
permanent. 

It  Ib  not  necessary  or  di'Hirable  io  hohl  or  force  the  river  to  a  uniform  width  of  chan- 
Del,  or  to  endeavor  to  s>trai>;hen  it  or  give  it  an  easy  curve. 

MKIIIODS   OV   (.'ONSTUICTIOX. 

II.  Soiue  niodilicatlon.N  iimsi   he  iiiado  in  i)rcsent  construction  of  dams  and  shore 

Erottction.     With  any  considcrahh'  amount  of  m<»ney,  the  (juantity  of  l»rush  accessi- 
le  will  not  l>e  sulhcimt  to  make  any  calculations  ui)on  its  use.   The  main  dependence 
must  be  placed  upon  rock  ;  when  gravel  can  be  found,  rock  and  gravel  will  do  weU. 
In  closing  a  chut<*,  if  the  wat«*r  is  15  or*20  fect-dei^p,  I  ln'lieve  rocK  alone  would  not 
aettle  much.     It  might  ne«'(l  a  little  brush  or  gravel  at  the  angles  at  ends.     In  shoaler 
'water  the  .sand  is  less  tirm  and  a  dam  of  rock  alone  wouM  i>robably  sink.   Gravel  foun- 
dation would  do  with  gravel  ba«king.     If  gravel  cannot  be  had,  ]>erliaps  an  a]>rou  and 
even  a  whole  foundation  can  be  made  of  ]>olcs  5  to  8  inches  in  diameter,  covered  with 
Loartls  with  intervals  of  *2  to  4  inches.     It  is  not  necessary  that  mats  for  shore  protec- 
tion should  be  1  foot  thick  ;  large  willows  'M)  to  40  feet  long  can  be  made  into  rafts 
and  used  instead  of  mats  along  the  shore  where  the  tnrr«*nt  is  usually  gentle  and  they 
can  be  sunk. 

III.  The  w  ay  io  do  tliis  kiml  of  work  is  by  hired  labor,  for  two  reasons :  1st.  If  done" 
by  contract  the  economical  conditions  are  freijucntly  not  the  san»e  fiu*  tke  government 
and  for  the  contractor;   tlierefi)re  the  latter  must  allow  a  wide  margin,  which  greatly 
increa.ses  the  cost  of  tln'  who].-  w(Mk.     For  examph^ :  while  at  wcuk  upon  a  dam  a 
l>ank  is  dis(«>veretl  to  hi*  cutting  seriously  a  mile  or  two  below.     It  may  be  for  the 
interest  «)f  the  government  tocliang*-  work  to  that  point  without  dtilay  ;  this  may  be 
atttuded  with  considerable  additional  expenst*  to  the  contractor,  or  the  construction 
may  have  to  be  unusual,  (u*  only  temporary  ;  and  for  all  these  variati(ms  the  govern-' 
ment  must  not  onlv  pav.  but  i»av  alM»  for  the  chance  that  thev  mav  occur,  bt;cause  no 
prudent  contractor  would  tail  tocon>»i<ler  this  matter  well. 

2d.  As  no  contractor  can  hv  certain  of  more  than  the  one  work  ho  luw  in  hand,  he 
do(»s  noi  feel  able  to  trvi  a  suitable  ])laut,  and  attempts  to  get  along  cheaply,  tluTeby 
causing  the  work  to  drag,  even  if  it  does  not  iail  alrogether. 

I  believe  the  advantages  the  government  would  liave  in  these  two  i)oints  would 
Mjore  than  balance  tb*-  (H.-^ads  antages  undi^r  which  juiblic  works  are  usually  conducted 
by  the  i)ublic  itself. 

IV.  Work  will  generally  be  d«MU'  uijon  j»arts  of  the  river,  such  that  an  outlay  of 
$50,000  at  lea^t  will  be  rc!|uired  in  a  season.  In  (juarterin^  men  a  quarter-boat  will 
be  better  than  imtting  men  in  ttnts;  the  advantages  are,  liealth,  convenience,  com- 
fort, and  economy. 

The  outfit  for  <nie  of  these  woiks  should  consist  of  one  steamboat  and  six  or  eight 
barges,  one  rjuarter-boat  for  men.  one  for  overseer,  and  from  four  to  six  small  boats, 
with  pro]>er  outfit  of  lines,  to<»N,  iVc.  In  most  j)laccs  where  work  will  first  be  done 
the  rock  must  be  brought  several  miles. 

It  is  therefore  desirable  that  barges  ^hould  go  in  i>airs,  both  for  economy  and  con- 
venience of  han«lling.  In  building  dams  ])robably  no  better  way  of  handling  rock  than 
the  one  now  in  pra<nce  is  to  be  d<'sire<l,  but  in  jmtting  rock  on  shore  it  would  seem 
that  a  derrick  might  be  used  to  advantage. 

SIMMAKV    Vi*n    1  IXAL    YKAH    K.VDIXG   JINK   .30,    1880. 

ImprovenuMits  ;it  Canton,  Mo $10,739  38 

Improvements  at  Hannibal,  Mo 822  51 

Improvements  at  (iilbcrtV  Island 44,:V.»5  26 

Improvements  at  .Slim  Island 24,643  49 

3Iaps  and  surve\  s 2, 090  54 

Total  expembd 82,G91  18 

Five  buiulred  tlioiisainl  «lollars  could  bo  w<»ll  spent  every  year  on  this 
division  of  the  river  until  the  work  of  improvement  is  completed,  and 
Biich  a  sum  would  be  more  eeonomieal  than  smaller  ones,  for  obvious 
reasons. 

For  reasons  stated  above  in  report  on  '^Improvement  Mississippi 
River,  Saint  Paul  to  J)es  Moines  l^ipids/'  I  would  also  respectfully  re- 
quest that  a  dredge  and  outfit  may  be  procured  for  use  on  this  division 
of  the  river  at  a  cost  not  to  exceed  $15,000. 
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It  is  proposed  during  the  present  season,  with  the  amount  now  avail- 
able, to  continue  the  works  at  Canton,  Gilbert's  Island,  and  Slim  Island, 
and  to  inaugurate  improvements  at  Gregory's  Bar  and  Westport  Chute, 
and  such  other  points  as  may  prove  most  troublesome  during  the  com- 
ing low- water. 

ABSTRACT   OF    APPROPRIATIONS    FOR    IMPROVEMENTS    MISSISSIPPI    RIVER   FROM    DBS 

MOINES  RAPIDS  TO  ILLINOIS  RIVER. 

By  act  approved  June  18,  1878 $100,000 

By  act  approved  March  8, 1879 40,000 

By  act  approved  June  14,  1880 100,000 

240,000 

Money  statement. 

Improvement  of  Afi»8U8ippi  Hiver  from  Den  Moines  Baplda  to  mouth  of  Ohio  Biver. 

July  1, 1879,  amount  available $45,236  66 

July  1,  1880,  amount  expended  during  iiscal  year 45, 236  66 

Improvement  of  Mississippi  Biver  from  Des  Moines  linpids  to  mouth  of  Illinois  Kirn. 

July  1,  1879,  amount  available $40,000  00 

Amount  appropriated  by  act  approved  June  14,  18ri0 100,000  00 

$140, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 37, 454  5S 

July  1,  1880,  amount  available 102,545  48 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     500, 000  00 


Abstract  of  proposals  received  and  opened  this  27 (/t  day  of  Augusty  1879,  hy  Capt.  A,  Jfoe- 
kenzie,  Corps  of  Engineers^  U.  S,  A.,  for  building  dams  and  shore  protections  of  brush  and 
stone  in  the  Mississippi  River,  at  Canton  Chute,  near  Canton^  Mo, 
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Fred.  W.  Menke  and  John  H.  Bitler,  Quincy, 

111 

H.  &  Brown,  Hivnilton,  111 

Frain  &  Co.,  Saint  Loaig,  Mo 

Whitney  &,  Son,  Keoknk,  Iowa 

Jacob  Eoert,  Quincy,  Hi 

Samnel  S.  Sample,  &eokuk,  Iowa 


6,000  cubic  yards     5,000  cubic  yardd 
Btone.  brush. 
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$8.»40 
7,800 
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7,260 
7.560 
6,540 


$0  80 
90 
85 
63 
64 
77 
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$4,000 
4,500 
4,250 
3,150 
3.200 
3,850 


Aggregate. 


$12,940 
12. 8M 
18.85$ 
10,41$ 
10.701 
10,810 


final  bepoet  qn  suevey  of  upper  mississippi  river,  from  saint 
paul,  minnesota,  to  mouth  of  illinois  river. 

United  States  Engineer  Office, 

Rock  Island^  Illy  July  — ,  1880. 

General  :  I  liave  tlie  honor  to  present  as  an  appendix  to  my  annual 
report  a  final  report  on  a  continuous  survey  of  the  Upper  Mississippi 
River,  from  Saint  Paul,  Minn.,  to  the  mouth  of  the  Illinois,  made  under 
direction  of  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  in  1878  and  1879. 
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AUTHORITY  FOR  THE  SURVEY. 

The  act  approved  Juiie  18, 1878,  made  an  appropriation  for  the  im- 
jrovement  of  the  Upper  Mississippi  Kiver  both  above  and  below  the 
;  Dc»  Moines  Kapids. 

The  officer  in  charge  wrote  the  letters  from  which  the  following  ex- 
ttracts  are  taken : 

[Extract.] 

United  States  Engineer  Office, 

Koch  Island  J  III,  June  28,  1878. 

General:  *  *  *  No  complete  or  conuected  survey  of  this  part  of  the  river 
8«ilit  Paul  to  Dos  Moines  Rapids)  has  ever  been  made,  and  such  a  survey  is  abso- 
Inlfcly  necessary  for  a  i)roper  study  of  the  river.  Ubinp  the  partial  surveys  already 
nade,  a  connected  survey  can  be  made  for  $^iO,000.  This  would  enable  me  to  put 
tbree  parties  into  the  field,  and  would  much  facilitate  the  construction  of  the  proposed 
work  mentioned  below.     »    ♦    » 

F.  U.  Farquhar, 
Major  of  Engineers, 
Chief  of  Engineers,  U.  S.  A. 

[Extract.] 

United  States  Engineer  Office, 

Rock  Island^  III.,  July  1,  1878. 

General  :  *  *  *  No  surveys  have  been  made  of  the  Mississippi  River  between 
the  Des  Moines  Rapids  and  the  mouth  of  the  Illinois  oti  Vvhich  any  project  for  works 
of  improvemeut  can  be  based.  La«t  year  examinations  of  the  worst  bars  were  made, 
Irat  the  examinations  were  not  detailed  nor  extensive  enough,  and  before  any  works 
axe  constructed  surveys  must  be  made.  I  propose  sending  two  parties  out  to  make 
•iieh  surveys  at  once,  and  then  complete  a  good  survey  of  the  river  from  Keokuk  to 
the  mouth  of  the  Illinois  River.  Such  surveys  can  be  made  during  the  present  season 
"by  two  parties  and  will  cost  about  $30,000. 

F.  U.  Farquhar, 
Major  of  Engineers, 

Chief  of  Engineers,  U.  S.  A. 

The  project  for  surveys,  dated  June  28,  as  also  the  project  dated 
July  1,  were  approved  l>v  the  Chief  of  Engineers  under  date  of  July  8, 
1878. 

The  organization  of  a  special  party  (No.  G)  for  a  more  minute  survey 
of  a  limited  portion  of  the  river  was  authorized  by  the  following  letter: 

[Extract.] 

Office  op  the  Chief  of  Engineers, 

Waahingtonf  D,  C,  September  14,  1878. 

Ser  :  Your  letter  of  the  9th  instant,  reporting  that  you  have  selected  the  portion  of 
jhB  Mississippi  River  between  Burlington,  Iowa,  and  Fort  Madison,  Iowa,  for  the  ob- 
MrratioiiB  required  by  the  Board  of  Engineers,  constituted  by  S.  O.  71,  current  series, 
to  mport  upon  improvement  of  the  low-water  navigation  of  the  Mississippi  River^ 
Sto*f  has  been  received.  To  enable  you  to  carry  on  the  observations  proposed  by  the 
BcMiidy  you  are  authorized  to  employ    *    *    •    ^  &c. 

John  G.  Parke, 

Major  of  Engineers, 
M%j.  F.  U.  Farquhar, 

Corjis  of  Engineers, 

PREVIOUS  SURVEYS. 

The  surveys  that  had  been  previously  made  on  the  Upper  Mississippi 
tver  were  surveys  of  General  G.  K.  Warren,  18G6-1869,Jof  detach^ 
oalities  principally  above  Winona  Minn.,  and  surveys  of  detached 
jBOdities  made  by  Gol.  J.  !N.  Macomb,  1874-'75,  under  the  ap])ropriatiott 
"  Transportation  routes  to  the  seaboard." 
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^_  The  great  clianges  in  tlie  channel  of  the  river  that  had  occurred  sub- 
sequent to  these  surveys,  and  the  want  of  continuity  of  the  surveys 
themselves,  made  them  of  little  use  for  planning  and  estimating  tht 
immediate  work  to  be  done  for  the  improvement  of  particular  localities, 
except  as  furnishiug  valuable  data,  for  studying  changes  in  the  river  bed. 
It  was  thought  best,  therefore,  to  make  a  continuous  survey  from  Saint 
Paul  to  the  mouth  of  the  Illinois  excei)ting  only  the  Des  Moines  and 
Eock  Island  Rapids,  where  there  were  already  very  thorough  hydro- 
graphic  surveys  completed  for  the  purposes  of  the  improvement  at  those 
places. 

APPORTIOXilENT   OF  THE   WURK. 

There  were  originally  contemplated  live  parties,  three  for  the  di\ision 
above  Des  Moines  Efipids  and  two  for  that  below ;  but,  owing  to  tlie 
lateness  of  the  season  when  work  was  begun  and  a  desire  to  finish  it 
before  winter,  it  was  found  necessary  to  add  several  sub-parties. 

Party  No.  1,  Assistant  F.  Terry  in  charge,  was  at  first  intended  to  work 
between  Hastings,  Minn.,  and  Lynxville,  Wis.,  using  the  surveys  of 
General  Warren  and  Colonel  Macomb  when  iK)ssible.  It  was  found, 
however,  that  even  with  this  assistance  the  district  was  too  long  to  be 
covered  during  the  remainder  of  the  season,  and  a  part  of  the  field  work 
was  therefore  performed  during  the  spring  of  1879. 

Examination  of  that  portion  of  the  river  above  Hastings  also  made 
it  evident  that  to  plan  a  system  of  improvements  suitable  to  its  present 
condition  a  new  survey  would  be  necessary,  and  it  was  accordingly  made 
in  June,  1879,  by  a  party  under  Assista^nt  Engineer  J.  L.  Gillespie. 

Party  Ko,  2,  under  Assistant  F.  W.  Lehnartz,  operated  between  Lynx- 
^'ille,  Wis.,  and  Savanna,  111.  This  district  was  also  found  to  be  too  long 
to  be  covered  in  the  time  allotted,  and  two  sub-parties  were  added,  one 
survey,  under  Assistant  ]\lax.  E.  Schmidt,  running  from  Bellevue,  Iowa, 
to  Golden's  wood-yard,  and  the  other,  from  Sand  Prairie  to  Savanna, 
was  made  by  Assistant  C.  W.  Durham  with  the  crew  of  the  United 
States  steamer  Montana. 

Party  No.  3,  under  Assistant  J.  P.  Allen,  operated  between  Savanna 
and  Slater's  wood-yard,  7  miles  above  Burlington,  Iowa. 

Special  party  No.  G,  under  Assistant  G.  A.  Marr,  worked  from  Slater's 
wood-yard  to  the  head  of  Des  Moines  Eapids.  To  this  party  was  given 
a  shorter  section  of  river  than  to  the  others,  that  it  might  make  a  more 
perfect  and  detailed  snrvey  for  purposes  of  study,  and  to  it  was  assigned 
the  duty  of  procuring  information  required  by  the  Board  of  Engineers 
constituted  by  Special  Orders  No.  71, 1878  (see  letter  above),  on  low- water 
navigation  of  the  Mississippi  and  Missonri  rivers.  A  si)ecial  report  on 
the  work  of  this  party  was  made  to  General  Z.  B.  Tower,  senior  officer  of 
the  Boards  under  date  of  February  5,  1880. 

Party  No.  4,  under  Assistant  Henry  (Juster,  oi)erated  between  Keokuk, 
Iowa,  and  Hannibal,  Mo. 

Suoparty  No.  7,  nnder  Assistant  J.  H.  Morrison,  oin>rated  between 
Hannibal  and  the  foot  of  Clarksville  Island. 

Party  No.  5,  under  Assistant  F.  A.  Churchill,  from  foot  of  Clarksville 
Island  to  the  mouth  of  the  Illinois  Eiver. 

METHODS  OF  SUUVEY. 

Tramit  lines. — Transit  lines  were  run  in  lengths  of  from  15  to  20  miles 
from  one  azimuth  station  to  another,  at  which  stations  observations  of 
Polaris  were  made  for  checking  the  azimuth.    They  followed  the  easiest 
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SHntiil,  usually  the  railroiul  or  a  common  roa^l,  or,  in  default  of  tbe«e, 

vAk  bank  of  the  river.    Distances  on  thie  line  were  carefnliy  chain^ 

snd  topography  sketched. 

Sfadia  tines. — Stadiii  lines  followed  the  river  liautc,  locating  points  for 

;"i;ax!iphy,  and  also  the  sounding  statioua  built  in  advance  by  a  special 

;  t  y  of  two  or  three  men  in  a  skiff. 

A  t  intervals  this  stadia  line  was  connected  with  the  transit  line  so  as 
I'lieck  it  for  distance  and  azimuth. 

In  some  cases  (notably  party  No.  1)  instead  of  a  transit  line  a  system 
6f  triangulatiou  was  used  with  very  good  results.  All  important 
branches  of  the  8trea:m  were  surveyed  with  stadia  as  well  us  the  main 
xiver,  but  it  was  found  impossible  within  the  limits  of  the  funds  allotted 
and  time  at  disposal  to  make  a  survey  extending  from  bltitf  to  bluff  or 
of  the  entire  river  bottom. 

Level  lines. — Level  lines  were  run  along  the  river  bank,  with  bench 
"^  irks  at  frequent  intervals  and  numerous  determinations  of  the  water 
t'lice  (every  1,000  feet).    A  check  line  of  levels  was  also  mn  connect- 
j  ihe  beot^tes. 

At  all  towus  and  steamboat  landings  benches  had  beeu  established 
I  mi  extreme  low-water  determined  during  low-water  of  1877.  These 
l-iiiirhes  were  leveled  in  and  a  low-water  line  obtaiue<i  as  shown  iu  Plate 
11.  Frei|uent  water  gauges  were  established  and  the  water  surface  re- 
routed daily  during  the  time  of  sur\ey.  Each  paity  started  its  levels 
from  au  assumed  datum  which  was  afterwards  reduced  on  a  general 
profile  of  the  river  to  elevations  above  sea  level.  These  last  are  figured 
lium  the  recent  deternii  nation  of  altitude  of  Lake  Superior  by  the  lake 
survey  and  determination  of  low-water  at  Saint  Paul  by  Henry  Gannett, 

Kof  United  States  Geological  Survey.  A  list  of  the  permanent  bench 
marks,  with  descriptions  of  the  same,  is  included  in  this  report,  giving 
elevations  of  bench  marks  and  low-water  above  sea  level. 

Extreme  low-water  is  0.75  foot  below  low-water  of  1S77,  as  determined 
It  each  bench  mark  during  the  very  low-water  of  that  season.     In  that 
Fear  an  nnusual  low-water  occurred  (the  lowest  since  1864)  and  waa  of 
Kx  weeks'  duration,  extending  over  the  whole  upper  river,  and  giving  a 
femarkably  good  opportunity  for  determining  the  low-water  elevation  at 
|ach  place.    The  plane  of  low-water  then  determined  agrees  with  the 
Jw-water  of  18fi4  reconled  at  Kock  Island  and  Keokuk,  the  only  two 
laces  where  low- water  of  1864  was  reliably  recordeil.    At  Winona  and 
a  (j'rosse  Uridges,  gauges  set  to  the  above  determination  of  low-water 
™  1864  agreed  closely  with  gauges  previously  set  by  the  bridge  engi- 
neers &om  alleged  extreme  low-water  marks,  and  the  inference  is  that 
Bhe  gauges  and  low-water  line  are  quite  connect.     (See  protile  sheet.) 

During  1879  a  large  number  of  gauges  were  read  at  various  points 

^ong  the  ri^er,  and  these  have  beeu  platted  tor  more  convenient  study 

tt  the  diH'erences  of  ranges  of  water  surface,  &c.     (See  sheet  of  gauge- 

MndfDgs.) 

Kxtreme  low-water  occurring  during  the  winter  or  from  ice  gorges 

IB  not  been  considered  in  determining  the  low-water  line  as  not  influ- 

Vmg  navigation. 

Bourtding. — The  sounding  was  done  either  with  steam  launch  or  row- 
hut,  tlie  latter  propelled  by  two  oarsmen ;  usually  the  assistant  in  charge 
)f  0ie  party  accompanied  the  sounding  party.  The  party  consisted  of  the 
tmmder,  two  oarsmen  (or  pilot  and  engineer  of  steam  laimcb),  recorder, 
md  Bteersman.  The  sounder  waa  furnished  with  a  pole  marked  in  feet 
ami  tenths  (burned  iu),  and  from  13  to  20  feet  in  length,  and  with  a  light 
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cotton  rope  liaving  a  loop  on  the  end  to  pass  around  the  sounder's  wrist 
This  cord  being  divided  into  feet  by  means  of  tags,  permitted  sounding 
to  a  greater  depth  tlian  the  length  of  the  pole.  Depths  greater  than 
the  length  of  the  pole  and  cord  combined  were  generally  recorded  as 
■^j  or  no  bottom  at  20  feet  where  20  feet  represents  such  combined 
length.  When  deemed  advisable  the  lead  was  used.  All  the  soundings 
were  made  by  time  intervals,  except  in  special  cases  where  the  sextant^ 
was  used  to  give  additional  accuracy,  or  a  stadia  rod  on  the  boat  wai, 
read  at  intervals  from  an  instrument  on  shore.  The  assistant  engin 
in  charge  kept  the  sounding  record.  The  sounding  stations  were  bai 
by  a  i)arty  in  advance  of  the  stadia  work.  They  worked  down  stream, 
and  two  men  with  a  skitt'on  the  river  above  llastings  could  put  up  8t4^ 
tions  averaging  400  feet  apart,  and  constructed  as  shown  in  Plate  I,  fi 
about  4  miles  of  river  per  day.  The  sounding  stations  were  numbe: 
from  1  to  10  in  seiies  on  each  side  of  the  river.  In  party  No.  I  t 
stations  w^ere  marked  by  sticks  nailed  upon  trees  or  x)ost«,  so  as  to  fi 
Roman  numerals,  and  then  whitewashed,  a  method  much  emi)loyed 
the  Lake  Survey.  They  were  well  adapted  to  the  Mississippi  Rivi 
survey,  and  being  easily  found  and  quite  permanent,  they  are  partit 
ularly  useful  where  resurveys  are  contemplate<l.  The  stations  wei 
placed  from  100  to  800  feet  apart,  the  average  being  about  400  feet.,  bul 
at  localities  where  closer  observations  were  required,  namely',  at  t 
difterent  channel  crossings,  they  average  about  200  feet  apart.  Besid 
the  sounding  stations,  Plate  I  also  shows  the  form  of  various  inst 
ments  used  on  this  survey,  which  were  found  in  practice  to  be  we 
adapted  to  the  work. 

Oaugings. — Frequent  gaugings  of  the  river  were  made,  and  the  meth 
ods  and  formulie  of  Humphreys  and  Abbot  employed.    In  party  No. 
special  accuracy  was  aimed  at,  and  a  description  of  the  work  is  furnish 
in  a  special  report  to  Col.  ij.  13.  Tower,  dated  February  5,  1880,  and  a 
in  an  appendix  accompanying  my  annual  report  for  1871)-'80. 

The  gaugings  made  by  other  i)arties  were  more  or  less  approximat6| 
and  the  leas  rigorous  methods  of  Humphreys  and  Abbot  were  applied. 
Usually  a  base  of  200  feet  was  measured  along  the  river  bank  at  a  suit- 
able place,  and  three  parallel  lines  of  soundings  made  across  the  river 
perpendicular  to  the  axis  of  the  stream. 

The  average  of  the  three  areas  obtained  was  considered  the  mean 
for  the  stage  at  which  the  soundings  and  gauging  were  made.  The  pa 
of  each  float  was  located  by  intersections,  a  theodolite  being  statiom 
at  some  distance  below  the  base  for  that  i)urpose.  These  paths  wi 
platted  on  a  plan  of  the  gauging  section,  and  the  measured  mid-dep 
velocity  laid  down  to  scale  perpendKuilar  to  the  line  of  mean  sectioi 
Through  the  extremities  of  these  f)rdinates  a  line  was  drawu  by  means 
of  flexible  splines,  and  used  for  inter[)olating  10  mid-depth  velocititf 
corresponding  to  10  sections  of  ecpial  length,  into  which  the  mean  see- 
tion  was  now  divided.  Tire  area  of  each  section  was  multiplied  by  tl* 
interpolated  mid-depth  velocity,  and  the  sum  of  all  the  10  multiplied  by 
0.95  gave  the  discharge.  Re<lu(!tions  to  low- water  were  made  under  titf 
assumption  that  8,  calculated  for  the  given  gauging  and  stage,  retained 
the  same  value  at  low-water.  The  new  area  of  mean  section  was  calcu- 
lated and  new  values  of  V  and  Q  determiiuMl  (see  Plate  HI).  The 
adoi)ted  low- water  discharges  are  given  in  the  profile  sheet  at  various 
points,  together  with  tbe  (lrainag(i  areas  of  the  diflerent  tributaries. 
Plate  IV  gives  a  diagram  of  the  discharge  at  various  stages  as  nieas^^ 
ured  by  the  careful  methods emi)loyed  at  liurlington. 


^ 


TVER  froi-   S'^J^nf-  f"  Orrt/tf**^ 


t/^ 


PKrAir  Gf*44ff»^ 


i 


:cu/M 


R.  from  SfJ^wil  to  Grmftow^ . 


10U4X* 


xioot» 


<-  ^^ 


ti     .i 


I  t 


"t.cl.JUit. 


-ptiASPW  Nit.-  A. 


Sri\ivd  to  Grafton, 


s 


no«»3^' , 


■is 


Ji^jm.M0LO. 


€^ 


^~"-- 


\ 

i\ 

_l ! 


,- 


lO. 


lO. 


//^.^.»^i3^^' 


mBJMdb 


^•Z,jA.TKjro  4. 


ER  fr<"^i  A'TIitfU  to  arrtTfuj: 


J        4 


APPENDIX  8. 


1519 


LATITUDE  AND  LONGITUDE. 


Application  Laving  been  made  by  Major  Farquliar  to  Major  Comstock, 
superintendent  of  the  Lake  Survey,  the  positions  in  latitude  and  longi- 
tude of  the  following-named  points  were  furnished : 


stations. 


Galena,  HI 


Tied  Wing, Minn. 


La  Crosse,  Wis 


Hock  Island,  111. . 


Burlington,  Iowa. 
Louisiana,  Mo — 


Description  of  reference  i>oint8. 


Latitude. 


To  ea.st  comer  Miner's  house.  N.  10°  52'  W  ,  164.7  I 
feet ;  to  east  corner  Frnzer's  house,  N.  84°  28' 
E.,  180.7  feet ;  to  northeast  comer  of  Method-  , 
ist  Episcopal  Church,  S.  54°  14'  W.,  338  feet  . . ..; 

Astronomical  post  northwest  coiner  court-house 
yard 

Spire  of  Catholic  church \ 

In  court-house  square,  post  72'  10"  from  south- 
east comer  court-house,  49'  9 "  from  southwest 
comer  of  jail 

Astronomical  post  on  United  Stat«'S  ai-senal 
grounds 

Southeast  corm-r  of  guard-house 

Gas-pipe  ^  2,  Kock  Island  Kapids  improvement 
survev 

South  llill,  jtublic  square 

Astronomical  post,  northwest  comer  High  School 
yard 

Northeast  comer  High  School  building 

Southeast  comer  of  brick  house  on  nortliwest 
comer  of  Noyles  and  Fourth  streets 


// 


Longitude  weait 
fi*om  Green- 
wich. 


42    25    09.50 

44    33    44.16 
44.64 


43    48    50.1 

41    31    03.41 
01.  51  i 


40 

48 

03.69 
22.04 

39 

27 

14.30 
12.64 

// 


15.25  i 


90    25    52.05 

92    31    59.25 
49.66 


91    14    48 

90  33    40.10 

45.99 

40.39 

91  06    25.35 

91    03    06.30 
0&18 

07.42 


;        Tlie  determinations  at  Kock  Island,  Eed  Win^,  and  Louisiana,  were 
\    made  by  Lieut.  C.  F.  Powell  in  the  autumn  of  1878. 

Gauging  meofnirementa  on  the  Upi)€r  Mxssmippi^  by  the  Humphreys  and  Abbot  method  of 

mid-depth  floats. 


Locality. 


Frenchman's  Bar  . . . 

Wabasha 

Winona 

Do 

Jbbnsonsport 

Below  month  of  Wis- 

eonsin 

"Lyons 

Piineeton 

Bock  Island i 

Do ! 

Burlington 

Cftnton 

Hannibal 


1874 

1878 

1878 

1880* 

1878 


JTU     I 


1878 

1878 

1878 

1878 

1880f 

1879 

1879 

1878 

1878 


. 

« 

s 

•c 

^ 

p.»: 

• 

rs^ 

• 

fd 

V 

i> 

*^ 

■».» 

__ 

^ 

2 

s 

M 

^ 

Es 

< 

Feet. 

5.8 

3.5 
1.3 
8.1 
1.0 


0.96 
3.1 
1.1 
2.1 

4 

2 

7 

2 

5 


18. 
7. 
0 
5. 


> 


Feet.    ;    Feet. 


1,  500  ;  1, 502 

1,476  i  1,477 

1,  785  I  1, 788 

1,  570  !  1,  573 


1,237  I 

1,  736  I 
2,087 
2,444  I 
2,737 
2,406 

2,  3.'}3 
2,  339 
1,100 


1,239 
1,737 
2,088 
2,445 
2,740 
2,410 

2,  aas 

2,  341 
1, 102 


Sq.  ft. 


12, 790 

8.651 

22,  331 

15,637 

16, 161 
2:J,227 
21,  509 
19, 109 
60,880 
34,791 
19, 749 
25, 571 
17,086 


Ft.  p.  sec. 


1.658 
1.856 
3.237 
L553 

1.270 

1.615 

1.284 

1.586 

4.3456 

2.975 

1.414 

2.403 

2.267 


I 


Cu.  ft.  p.  see. 
20, 091 
21, 212 
16,061 
72,298 
16, 473 

20,527 
37,512 
27,743 
30,313 
251,348 
103,536 
27,929 
61.445 
38,741 


^  bt 


Cfu.ft.p.see. 
5,000 
10,000 
11.000 
11,000 
14,000 

17  000 
18,500 
19,000 
19,000 
19,000 
22^000 
22,000 
26,000 
80,000 


River  up  to  top  of  its  banks. 


t  Top  of  highest  Vell-aut1ienticatcd*flood. 
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List  of  permanent  bench  marks  frotn  Saint  Pauly  Afirtn.,  to  Grafton,  Uh 

(Survey  of  1878  ami  1879.] 


I 


3 


6 


8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
23 
24 
26 


87 
88 
89 
30 
81 
82 
38 
34 


DABcriptioD. 


On  down-stream  comer  of  inner  txlise  of  copine  ntone  of  abutment  at  eant 

end  of  Chicago,  Milwaukee  and  Saint  Paul  Railroad  Bridfre  at  Saint  Paul. . 
On  extreme  upper  end  of  up-ntream  nosing  of  east  shore  pier  of  the  Wabasha 

Street  wagon  bridge,  Saint  Paul 

On  top  of  the  ring-bolt  in  rock  ledge,  15  feet  from  river  bank  and  50  feet  np 

stream  from  warehouse  at  Newport.  Minn 

On  top  of  top-8ti)ne  at  end  toward  the  river  of  retaining  wall  of  railroad 

culvert  over  Franklin  Cooley,  1  mile  below  Nininger,  Minu 

On  top  of  draw-pier  under  engine-house  on  down-stream  side  of  Chicago, 

Milwaukee  and  Saint  Paul  I&ilroad  Bridge  at  Hastings 

On  whit4)  elm,  60  feet  from  left  bank  of  river  and  850  Ivet  almve  the  upper 

spur-dam  ft-om  the  left  bank,  at  Smith's  Bar,  5  miles  below  Prescott,  \V  is. . 
On  elm,  100  feet  from  left  bank  of  river,  on  up-stream  side  of  rocky  point, 

2,800  feet  below  warehouse,  at  Diamond  Bluff,  Wis ."" 

On  iron  pin  set  in  large  foundation  stone  under  uii-streani  comer  towards 

river  of  city  freight  shed  at  Red  Wing,  Minn 

On  iron  spike  in  riH»t  of  larcest  cottonwo4»d  tree  on  the  beaoh  at  Waconta. 

Minn.,  100  feet  from  th«'  right  bank  and  <»ppoHit4?  fo<»t  of  Island  Xo.  28 

On  down-stream  conn-r  towanl  river  of  stimc  foundation  <»f  ,l.J^.  Wilson  &. 

C«k"8  (Knapp,  Stout  &.  Cc>.)  warehouse  at  Reed's  Lsndiug,  Minn 

On  flrst  pnyecting  ntone  l)elow  flimr  level  at  iip-Htream  ronier  t<»ward»  river 

of  H.  W.  Holnic^H  warelumse  at  Wabaslia.  Minn 

On  projecting  Ht<»no  of  foundation  at  up-.slre:mi  comer  of  livev  front  of  M. 

Polin's  warehouse  at  Alma 

On  up-stream  comer  toward  river  of  wooden  dtwr-sill  of  O'Xeil's  new  biick 

warehouse  at  Minneiska,  M inn 

On  top <>f  fouudal ion-stone  at  lower  lloor  level  at  dowu-Htream «<»nier  toward 

river  of  llulfner  Bros.'  warehouse  at  Fountain  Citv,  Win 

On  copper  bolt  set  in  st^me,  75  feet  from  left  bank  of  river  at  Wildn  Laud- 
ing, Wis .  -■ 

On  top  of  second  step  fi-om  ground  at  out.4'r  coiner  next  river  «»f  Centre 

street  entrance  of  Second  National  Hank,  Wiiioua.  Minn 

On  uu-sti"eam  corner  of  stone-work  um'.er  wooden  d«K>r-Mill  in  riv^r  front  <»f 

Uaines  &.  Holmes's  wareliouse,  'I'renipealeau,  Wis 

On  down-stream  comer  of  top  stone  of  down-stream  comer  of  railroad  cul- 
vert under  larce  till  200  feet  from  livi-r  and  125  feet  below  limekiln  in 

upper  part  of  Dresbach,  Minn 

On  extreme  up-stream  front  of  cap-stone  of  first  pier  <m  Minnesota  side  of 

Chicago.  Milwaukee  ami  Saint  Paul  Railroad  Bridge  above  LaCn>.MS4'.Wis. 
On  bottom  of  <lotir-jMmt  on  uj)-stream  side  of  lower  door  on  river  front  of 

Western  Progress  building  at  Brownsville 

On  up-strcani  comer  of  door-sill,  second  door,  river  tVont,  of  la»«t  j«t4»ne  build- 
ing down  stream  at  Bad  Axe.  Wis 

On  up-stream  comer  of  sill  of  d<M»r  next  river  on  ground  flo«»r  of  Wilcox  & 

Orrs  warehouse  at  Victory,  Wis .' 

On  southeast  comer  of  door-s  ill  at  downstream  corner  of  (>.  Keradt  &;  Bros.' 

warehouse  at  Lansing,  Iowa 

On  foundation-stone  at  up-stream  comer  of  river  front  at  lJo<>r  level  of 

Bright's  warehouse  at  Lvnxville,  Wis 

On  southwest  comer  of  stone  in  second  course  from  top  of  west  wing  of 

south  abutment  of  oulvert,  400  feet  below  mouth  of  Paint  Creek,  at  John- 

sonport,  Iowa 

On  southeast  o<»mer  of  elevator  above  S.  McGregor,  Iowa 

On  top  of  foundation-stone,  at  up-stream  corner  next  river,  of  platfomi  of  rail- 

roaa  depot  at  Clayton,  Iowa 

On  river  side  of  door-step  on  up-stream  side  of  Dr.  Grinter's  building  at 

Glen  Haven,  Wis 

On  top  of  foundation-stone  at  up-stream  comer  of  river  front  at  tioor  level 

of  G.  Prior's  warehouse  at  Cassville,  Wis 

On  down-stream  comer  of  large  stone  door-step  of  Specht's   house,  at 

Si>echt'8  Ferry,  Iowa 

On  top  of  down-stream  rin^-bolt  in  front  of  A.  H.  Gibb^s  store  on  levee  at 

DuDuqne  

On  northeast  comer  of  projecting  bottom  of  foundation-stone  at  northeast 

comer  of  J.  M.  Case's  nam  at  Ik-Uevne,  Iowa 

On  nail  in  top  of  white-ash  stump  18  inches  high,  10  inches  diameter,  1,000 

feet  south  of  Golden'a  house  at  Golden's  woo(i-yard,  Iowa 

On  southeast  comer  of  door-sill  of  door  at  southeast  comer  of  first  floor  of 

engine-room  of  Racine  and  Milwaukee  elevator  at  Savanna,  HI 


o 

9 

> 

> 

z 

i 

d 

« 

§1 

H 

i* 

V 

I 

• 

M 

3 

Fett. 

Feet 

697.403 

«7a5M 

697. 72t 

67a  100 

686.256 

672.512 
1 

687. 612 

687.931 

663. 7» 

673. 194 

660.933 

672.  281 

673.  820 

637.730 

665.  257 

656.400 

671.412 

656.300 

mi.  330 

654.  ba 

600.371 

649.  le 

659.827  1 

64.3.  IM 

640.  .361 

637. 411 

G59.  9<il 

1 
6.W.842 

632.442 

a'{8.  551 

62&7e8 

640.  393 

1 

623.393    < 

043.753  1 

1 

621.285 
615.350 

629.  2.-^3 

6:}2.  756 

610.280 

G20.  725 

1 

608.640 

619.866 

605.491 

622.044 

fl0L76S 

598. 4.53 

623. 067 

618.  369 

594.89 

611.850 

56£00e 

612.906 

58&238 

607.857 

583.109 

595i923 

57&00S 

587.842 

5n.l22 

683.535 

569.179 

584.578 

565  sn 
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List  of  permanent  bench  marks  from  Saint  Paul,  tfc- — Continned. 


a 

0 


35 

36 
37 

38 

39 

40 

41 
42 

43 
44 
45 

46 

47 
48 
49 
50 
51 


52 

53 

54 
55 
56 

57 

58 

50 
60 

61 

62 

63 
64 

66 

06 


Descriptiou. 


On  top  of  water  table  at  southeast  comer  of  engine-room  of  elevator  at 
Fulton,  111 

On  BOutheaHt  comer  of  engine  bed  of  water- works  at  Clinton,  Iowa   

On  door-sill  in  front  of  south  jamb  of  south  door  of  Harper's  old  store  at 
Alban.v,IU 

On  center  of  stone  window-sill  In  foundation  on  north  side  of  Hyman's  ware- 
house at  Comanche,  Iowa    

On  corner  of  first  course  of  stone  above  foundation  in  front  of  west  Jamb  of 
door  on  north  side  of  stone  warehouse  at  Cordova,  111  

On  window-sill  of  south  window  in  foundation  ot  warehouse  on  northwest 
corner  of  Main  and  Cherry  streets  at  Port  Byron,  111 

Zero  of  Unite<l  States  wate>f  gance  on  Rock  Island  and  Davenport  bridge. .. 

On  northwest  comer  of  stone  mundation  of  smoke-stack  or  saw-miU  at 
Buffalo,  Iowa 

On  door-step  of  post  office  at  Falrjwrt,  Iowa 

On  stone  bwl  of  pump  cylinder  of  water-works  at  Muscatine,  Iowa 

On  southeast  corner  of  foundation  of  chimney  of  saw-mill  at  Port  Louisa, 
Iowa ...'. 

On  ring-bolt  on  large  stone  at  southwest  comer  of  F.  C.  Bell's  warehouse. 
New  Boston 

On  stone  door-Ht«p  of  west  door  in  Main  street  of  brick  building  at  north- 
west comer  of  Main  and  Second  sti-cets,  Keitbsburg,  HI 

On  west  side  of  raised  portion  of  door-step  of  Journal  printing-office, 
Oquawka,  Iowa 

On  croHs-cut  in  top  of  coping  on  north  side  of  east  abutment  of  railroad 
bridge,  Burlington,  Iowa 

On  head  of  railroad  spike  in  east  face  of  southeast  comer  of  stone  founda- 
tion of  ITiiioii  warehouse  at  Fort  Madison,  Iowa 

On  croKH-cut  in  top  of  stone  iK)8t  8  inches  square,  2  inches  above  ground, 
fiOO  ftM't  below  water- tank  of  Chicago,  Burlington  and  Quincy  Kailroad  at 
Montrose,  Iowa,  Station  F  of  canal  survey ' 

On  8i>ike  driven  in  wall  at  upper  end  of  front  of  Brown's  warehouse  at 
Keokuk,  Iowa ;  high- water  of  1851 


On  5  nails  driven  in  top  of  snubbing  post  near  southeast  comer  of  Cunning- 
ham's warehouse  at  Alexandria,  Mo 

On  elm,  1,200  feet  below  mouth  of  Fox  River,  at  Gregory's  Landing,  Mo 

On  northeast  corner  Camejary's  warehouse.  Canton,  Mo 

On  top  of  eye- bolt  of  mooriiig-ring  at  southwest  comer  of  K.  N.  L.  Packet 
Coniuauy 's  warehouse,  La  Grange,  Mo 

On  spike  on  northeast  comer  of  abutment  at  west  end  of  railroad  bridge 
eleventh  joint  from  top  of  parapet  at  Quincv,  HI 

On  northeast  comer  of  top  of  abutment  at  A^issouri  end  of  railroad  bridge 
nt  Hannibal,  Mo 

On  pecan  tree  near  right  bank  of  river  opposite  head  of  Gilbert's  Island 

On  elm  tree  15  inches  diameter,  50  feet  from  right  bank  of  river,  1,000  feet 
above  Magee's  house  at  Mnndy 's  Landing,  Mo 

On  top  of  stone  foundation  at  southwest  comer  of  engine-room  of  Louisiana 
Lumber  Company's  mill  at  Louisiana,  Mo 

On  lower  southeast  comer  of  stone  door-siU  of  Vinegar  Factory  at  upper 
en<l  of  Clarksville,  Mo 

High  water-mark  on  upper  warehouse,  Falmouth,  Mo 

On  elm  tree,  24  inches  diameter,  on  right  bank  of  river  800  feet  below  lower 
houne  at  St^rlin^:,  Mo  

On  5  nails  driven  in  top  of  snubbing  post,  51  feet  in  front  of  Vance  &  Har- 
vey's store  at  Cap  Au  Oris,  Mo 

On  northeast  corner  of  northeast  comer-stone  of  first  derrick  foundation 
below  steamboat  landing,  Grafton.  Ill 


> 

o 

-i 

M 

Feet. 

578. 682 
578. 838 

576. 872 

580.844 

565.355 

570. 436 
533.761 

546.064 
550.102 
540.904 

53a  171 

533. 016 

533.157 

t 

527.507  . 
535.  979 
516. 356 

506.176 

493.082  ' 

491. 672 
479.556 
475. 484 

473.470 

471. 363 

475. 337 

44y.  lloV 

449.009 

455.547 

446.997 
441.440 

431. 440 

431.438 

415. 188 


0* 


I 

2 


Feet. 

559. 740 
559.150 


556.530 
554.620 

'533.' 76i 

530.360 
526. 730 
523.606 

519. 180 

517. 630 

516.890 

509.820 

505.089 

496.557 

493. 583 

472. 330 

469.787 
466.805 
401. 288 

453. 179 

444.547 
439.062 

437.820 

430. 970 

426. 930 
417.640 

415. 740 

4n.04O 

399.440 


96   E 
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Lh'ainage  areas  of  tributaries  of  the  Mississippi  above  the  Missouri  Biver. 


S 

d 


LocalitieH. 


"^   : 

i 

1  £ 

s 

•  k'^ 

a 

o  a   ■ 

§ 

ss  ■ 

Ui 

s 

s    - 

<? 

1 ; 

o 

3 

4 

^ 

^  ■ 

8  , 

9| 
10 

11  ' 

12  . 

13  , 
14 

15  I 
16 

18  ' 
19; 

20  I 

21  i 
22 

23: 

24 

25  i 

26  i 
27 
28  ' 


Upper  MissiHHippi  (above  tlie  Minncsotn) 19, 903 

MiiineaotA R.  ■    12,119 

Saint  Croix  ..    . ,"  L.  7, 14i 

Trimbclh?,  Isabelle,  ami  Rimh I«.  379 

Cannun    ,  R.  1,696 

Chippewa '  L.  I      8,530 

Ziimbro ]  B.  1,«M 

Whitewater  and  Imliaii  Creek [  K.  511 

liiiffalo,  Eaule,  and  Trempealeau L.  1,43S 

Blaek  and  La  CroBiie L.  3, 381 

Hoot R.  .      i,ga 

Upper  Iowa ■  R.  '       1, 175 

Yellow ' R 

WiHCtmMiii ,  L.  ■     11,1 

T  u  r  key •  R.  ,       1 ,  i 

(f  alena L.  1,  i 

Maqnoketa R.  2, 299 

Wapsipinicon 1  R.  '      S^967 

Rock L.  '      S,8R 

Iowa I  R.  I     12,1 

Edwards !  L.  i  ( 

Henderson ■  L.  i      1,1 

Bkunk  R.  ;      4,79 

PesMoinea |  R         18.8R 

Fabius  (and  two  creeks) '  R  '      8,9M 

Salt I  R.  '      2;ai 

(/uivre  (and  two  creeks) i  R.  L90f 

IlHpoiiJ '  L.  :    27,90 

I  . 

Tot^l  drainage  area,  square  miles ,  159^  90f 


Table  of  diMances  by  low-icater  channel,  hUjh  and  low  wafer  eh  rations  abore  ike  9ea,  ni 

slopes,  from  Saint  Paul  to  month  of  Illinois  Hirer. 


L<K*ality. 


Saint  Paul  IJrid;;e 

Newjiort 

llnstiu^fH 

Diamond  JJlufT  . .  - 

Ked  Win« 

Waoontn 

Rei'd's  Landing  . . 

Wabaslia 

Alma 

Minneiwka 

Ftmntaiu  City 


Winona 

Trempealeau 

Dresbach 

La  Crosse 

Brownsville 

Genoa 

Victory 

Lansing 

L^nxville 

Allamakee 

Prairie  du  Chien 

Clayt<m 

Glen  Haven 

Gassvillo 

Waupeton 


♦J     . 
5,    T. 

""  S 


a 


T 


2IiUii.  I  Miles. 


s.  r>o 
IH.  r>«» 

{>.  5() 

7.  (K) 

24.  r>() 

2.  75 

9.<K) 

10.  00 

11.7.-. 

7.50 
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KMisaissippi  River  from  Saint  Paul  to  tiie  mouth  of  the  Illinoia  River  (excepting 
HoiDes  EUpidn),  in  B3  alieeta,  forms  a  part  of  this  report,  aa  also :  1.  Profile  of  the 
Ifi—i—ippi  River  from  Saint  Fani  to  Qraftiin.    '2.  Sheet  of  platted  gaiis;e  readings. 

[NOTR. — The  sheets  above  mentioned  have  already  been  forwarded  m  inatallmeDta 
to  the  Chidf  of  Engineers.] 

Upon  the  map  are  marked  all  iDstrument  stations,  bencb  marks,  &,c. 
T&e  sonndinga  and  water  surfaces  are  recorded  as  taken  with  the  dates  at  which 
.  tii^  were  observed. 

No  redaction  to  low-wat«r  is  made,  except  by  the  drawn  curves  of  3,  4^,  and  6  feet 
below  low-water  of  1864. 
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survey  and  examination  of  the  ]vnsslssippi  riybh  betweeit 

bi'rlington,  iowa,  and  montrose,  iowa- 

United  States  Bngint:eb  Office, 

Rock  Island^  Illj  July  — ,  1880. 

General  :  I  have  tbo  honor  to  present,  as  an  appendix  to  my  aDnual 
report,  the  following^  "  report  upon  a  survey  and  examination  of  tbe  Mis- 
sissipi^i  Kiver  between  Burlington,  Iowa,  and  Montrose,  Iowa  (above  the 
mouth  of  the  Illinois  Eiver),  made  in  accordance  with  resolutions  of 
Board  of  En*^ineers,  on  im])rovement  of  low-water  navigation  of  Missis- 
8ii)pi  and  Missouri  liivers.'' 

Instructions  from  the  Chief  of  Engineers,  dated  August  30,  1878,  as- 
signed to  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  the  san^eys  aod 
examinations  of  the  Mississippi  Kiver,  at  some  point  above  the  month  of 
the  Illinois  Hiver,  desired  by  the  Board  of  Officers,  constituted  by  Sx)ecial 
Order  Xo.  71,  series  of  1878,  Headquarters  Corps  of  Engineers,  to  take 
into  consideration  the  imi^rovement  of  the  low- water  navigation  of  the 
Mississip])i  and  Missouri  rivers. 

The  information  desired  by  this  Board  was  as  follows: 

1st.  Transit  survey  of  river  banks  and  water  lines  at  low  stages  with 
soundings  to  cover  the  entire  length  of  shoals  and  to  show  the  changes 
in  the  same,  tlie  character  of  bed  and  banks  to  be  carefully  noted.  Nu- 
merous borings  should  be  made  on  the  banks  and  in  the  bed  to  deter- 
mine the  character  of  material,  and  carried  20  or  30  feet  below  the  bed, 
unless  rock  is  sooner  reached. 

A  line  of  levels  down  one  bank  in  connection  with  gauges  to  determine 
the  river  sl(>i)e  at  various  i)oints  and  various  stages.  Permanent  bench 
marks  and  reference  points,  which  will  be  safe  for  many  years,  should 
be  established. 

LM.  Deteriiiiniitioiis  of  cross-sections  at  shoalest  place  and  also  at  a 
deep-water  section  in  the  vicinity.  Tiu\se  cross-sections  to  be  i*epeatcd 
for  every  ."»  fe(»t  of  ('liang^^  in  tln^  river  height  and  as  much  oftener  as 
practi(rable  (lining  (mk^  year,  their  object  being  to  determine  all  facts 
connected  with  the  motion  and  dimensions  of  sand  waves. 

3(1.  Sediment  observations  at  tin*  surface  and  Avithin  1  foot  of  the  bot- 
tom, to  be  ('ontinued  throughout  a  year  on  tiie  ^lississi[»pi  and  Missouri 
rivers,  at  distances  above  tlui  mouth  of  the  latter  sufficient  to  be  out  of 
reach  of  backwater,  also  at  Saint  Louis,  Columbus,  and  up  the  Ohio, 
Arkansas,  and  lied  rivers.  Thes(i  observati(ms  shouhl  determine  not 
only  the  amount  of  the  seiliment,  but  the  proportional  quantities  referred 
to  at  least  three  standard  sizes.  Discharge  observations  to  be  obtained 
when  i)racticable,  and  Iow-wat<»r  discharge*  to  be  obtained  for  the  Miss- 
ouri, and  for  the  ]\lississij)pi,  at  Colonel  Farquhar's  Point,  Saint  Louis, 
C(jlumbns,  M(Mni)liis,  and  Vicksburg. 

Ft  is  also  desirable  that  sediment,  cross-section,  and  discharge  obser- 
vations be  made  in  accordance  with  the  above  ])rogramme  on  the  Cum- 
berland, Tennessee,  Whit(%  and  St.  Fraiujis  rivers,  far  enough  above  their 
mouths  to  be  (Mit  of  r(»ach  of  backwater.  Tiiese,  however,  are  of  sec- 
ondary injportance. 

A  iM)rtion  of  the  Mississippi  Kiver  between  Burlington  and  Montrose, 
and  (extending  some  7  miles  above  I>urlington  (total  length  42  miles)  was 
selectiMl  f(jr  survey  and  examination,  an(l  the  immediate  vicinity  of  Bur- 
lington was  chosen  for  special  observations.  The  survey  and  examina- 
tion, under  innnediate  charge  of  Assistant  (r.  A.  Marr,  was  commenced  in 
1878,  and  carrit^d  on  during  the  following  fall  and  winter,  and  the  spring 
of  1870.  T\w  work  of  tiie  survey  consisted  in  a  triangulation,  transit, 
and  level  liIu^  the  entire  distance.    The  soundings  were  taken  withsuf 
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ftcient  detail  to  locate  the  bars  quite  accurately.  The  level  line  was 
connected  with  water  gauges  at  various  points,  and  readings  to  the  water 
surface  were  taken  once  in  a  thousand  feet.  Permanent  bench  marks 
were  established,  and  borings  were  made  at  several  points.  Four  bars 
in  the  vicinity  of  Burlington  were  selected  for  special  observations,  their 
outlines  and  sections  being  found  by  leveling.  The  results  of  the  survey 
and  examinations  have  been  platted  on  a  scale  of  1  inch  to  400  feet, 
and  are  shown  in  sheets  2,  3,  4,  5,  and  6.  Two  cross-sections  were  se- 
lected in  the  vicinity  of  Burlington  and  used  in  connection  with  gaug- 
ings  of  the  river.  Cross-section  No.  1  was  sounded  3  times,  showing  a 
material  change  in  form,  as  was  expected  from  the  movement  of  a  sand- 
bar above  it. 

Cross  section  No.  2  was  sounded  twice,  with  an  interval  of  4  months 
and  0  days,  and  shows  but  slight  changes.  Cross-sections  are  shown  on 
sheet  8.  These  sections  do  not  aiford  much  assistance  in  a  study  of  the 
movement  of  sand  waves  or  motion  of  sand-bars,  but  taken  in  connec- 
tion with  the  special  bars,  whose  changes  were  carefully  noted,  as  shown 
on  sheet  2,  some  idea  can  be  formed  of  the  movement  of  the  particular 
bars  under  consideration. 

The  observations  made  during  the  progress  of  this  special  survey,  as 
well  as  information  obtained  from  work  on  the  upper  river,  and  from  the 
best  sources  now  obtainable,  indicate  that  each-bar,  being  composed  of 
varying  materials  and  influenced  by  diiferent  circumstances,  has  a  rate 
of  motion  of  its  own,  these  rates  varying  from  10  to  1,000  feet  in  a  year's 
time.  The  hydrographic  survey  of  the  42  miles  of  river  from  Henderson 
Creek  to  Montrose  is  in  sufficient  detjiil  to  aiford,  from  comparison  with 
fature  surveys,  quite  an  accurate  estimate  of  the  general  movement  and 
changes  of  the  bars  included. 

Gaugings  of  the  river  were  made  for  each  change  of  1  foot  in  stage, 
7  being  taken  in  cross-section  No.  1,  and  5  on  cross-section  No.  2.  The 
results  of  gaugings  are  shown  on  sheet  11.  Cross-section  No.  2  re- 
mained comparatively  constant  during  the  entire  season,  and  the  gaug- 
ings taken  on  it  are  probably  entitled  to  more  weight  than  those  taken 
on  section  No.  1.  Sediment  observations  were  made  in  May  and  June, 
1879,  and  the  results  are  shown  on  sheet  12. 

The  following  sheets  form  a  part  of  this  report: 

[Note. — Sheets  1, 2, 3, 4, 5, 6, 8, 9, 10,  are  not  attached  to  this  report.  Sheets  2  (ex- 
cepting horings  and  uieasnrcnient  of  sand-bars),  3, 4,  and  5  form  a  part  of  general  sur- 
vey of  Mississippi  River  from  Saint  Panl  to  Grafton,  and  have  been  forwarded  with 
that  series.     Sheets  6, 8, 9, 10,  and  a  sheet  of  borings,  &e.,  are  forwarded  separately.] 

Sheet  1. — Index  map  of  survey. 

8heet2. — Map  No.  1  detailed  survey  of  Mississi^ipi  River  from  7  miles  above  Burling- 
ton to  2  miles  below  ;  shows  also  boriujfs,  movement  of  sand-bars,  &c. 

Sheet  3. — Map  No.  2,  detailed  survey  from  2  miles  below  Burlington  to  foot  of  island 
No.  382. 

Sheet  4. — Ma])  No.  3,  <li?tailed  survey  from  foot  of  island  No.  382  to  2  miles  below 
Port  Madison,  Iowa. 

Sheet  5. — Map  No.  4,  detailed  survey  from  2  miles  below  Fort  Madison  to  Moutrose. 

Sheet  6. — Profile  of  Mississippi  River  from  7  miles  above  Biu'lin^ton  to  Montrose. 

Sheet  7. — Index  map  showing  location  of  cross-sections  1  and  2,  borings  near  Bur- 
lington, sand-bars  observed  for  motion,  and  gauges. 

Sheet  8. — Cross-sections  1  and  2  at  different  dates. 

Sheet  9. — Shows  method  of  sounding  and  of  computing  mean  depth  and  area  of  cross- 
sections. 

Sheet  10. — Shows  method  of  determining  and  computing  quantities  entering  general 
eqnation  for  velocity,  discharge,  &c. 

Sheet  II. — Results  of  gaugings,  &c.,  tabulated. 

Sheet  12. — Results  of  sediment  observations  tabulated. 

Sheet  13.— Platted  sheet  of  veloci       ;     . 

Sheet  14. —  Li»|.ia  i    »     t    .  -  j  .    .  • 
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There  follow  some  extracts  from  the  report  of  Assistant  G.  A.  Marry 
made  September  12, 1879,  on  methods  of  observation,  compatatiou,  &c. 

GAUGING. 

Method  of  observing. — Gaugings  were  made  at  two  places  in  front  of 
the  city  of  Burlington.  The  first  designated  cross-section,  No.  1,  is  op- 
posite the  Burlington,  Cedar  Hapids,  and  Northern  freight  deiK>t,  tiie 
second,  called  cross-section  No.  2,  is  opposite  the  foot  of  Locost  street 
The  two  cross- sections  were  laid  out  in  the  same  manner  as  follows: 

A  base  line  200  feet  long  was  carefully  measured  on  the  Illinois  side 
of  the  river  and  a  similar  base  parallel  with  and  opposite  to  the  first 
was  measured  on  the  Iowa  side.  The  line  joining  the  upper  extremities 
of  the  2  bases  is  called  the  upper  section,  and  the  corresponding  Hue  at 
the  lower  extremities  of  the  bases  is  called  the  lower  section.  The  up- 
per and  lower  sections  are  perpendicular  to  the  bases.  In  making  the 
observations  for  mean  velocity  and  discharge,  a  skiff  with  10  double 
floats  was  anchored  100  feet  above  the  upper  section  successively  at 
different  distances  from  the  base,  the  distance  being  so  selected  as  to 
give  the  best  determination  of  the  variation  of  the  velocity  at  different 
points  in  the  widtli  of  the  river.  Observers  were  stationed  at  the  upper 
and  lower  ends  of  the  Illinois  base  with  theodolites  pointed  across  the 
river  so  as  to  mark  oat  the  ui>per  and  lower  sections.  A  thinl  observer 
was  stationed  at  a  located  point  on  tlie  river  bank  about  1,000  feet  from 
the  base  to  locate  the  floats  by  theodolite  readings.  Eaeh  observer 
was  provided  with  a  telegraph  key  and  sounder,  and  telegraphic  com- 
munication was  established  between  them.  A  finirth  observer  with  a 
mean  time  chronometer  was  stationed  near  the  key  at  upi>er  base.  A 
double  float  with  the  jmrts  joined  by  a  cord  of  suflicient  length  to  allow 
the  center  of  the  lower  one  to  leadi  the  mid-depth  of  the  river  at  that 
point,  was  dropped  from  the  anchored  skiff.  As  it  api)roached  the  upjier 
section  warning  of  its  approach  was  given  by  tlie  observer  at  upi>er 
section  tai)ping  the  telegraph  key  twice  in  quick  succession  about  20 
seconds  before  tin*  float  reached  tlie  ui>i»er  section.  As  it  crossed  the 
section  the  observer  at  uj^per  section  tapped  his  key  once,  the  time  was 
noted  by  the  observer  at  the  chronometer,  and  a  reading  was  taken  to 
the  tloat  by  tin*  observer  whose  duty  it  was  to  locate  it.  Similar  ol)ser- 
vations  were  made  when  tho  float  crossed  the  lower  section,  after  which 
tiie  Hoat  was  i^icked  up  by  a  skitt'  stationed  below  for  that  puriK)se. 
The  ditterence  of  the  observt^d  time  of  crossing  the  two  sections  gives 
the  time  re^piirecl  by  the  tloat  to  move  200  feet  in  a  direction  parallel  to 
the  base,  and  the  theodolite  readings  determine  the  distance  from  the 
base.  Ten  floats  wert»  sent  down  from  each  i)ositi(m  of  the  skiff  except 
in  very  slioal  water  wljeri^  a  lesser  number  was  sent.  The  total  numlier 
of  floats  sent  from  eaeli  jM)siti(Hi  of  the  skiff  is  called  a  series. 

In  the  gangin^^s  previous  to  May  !>,  1S71>,  which  were  all  taken  ou 
cross-se(*.tion  No.  1,  tiie  th)ats  used  eonsist(»d  of  a  sheet  of  tin  22  by  11 
inches,  with  j>ieees  11  inchc^s  squaie  liinged  to  it  at  its  middle  point  in 
ea<*h  side,  forming,  when  ready  for  use,  2  j)lanes,  intersecting  at  right 
angles,  and  so  placed  in  the  water  that  the  line  of  intersecti(m  of  the 
l)hines  should  be  vertical.  This  lower  i^irt  of  the  tloat  was  joined  by  a 
cord  0.02.")  inch  in  iliaineter  to  the  upper  part,  wliich  was  made  by  solder- 
ing together  tiie  bases  of  two  hollow  tin  cones  0  inches  in  diameter  by 
o  inches  high.  In  order  to  be  more  easily  seen,  a  Hag  about  ."5  inches 
sqiinve  was  attached  to  the  upi)er  i)art  of  the  float.  In  the  gaugings 
juiule  on  and  after  Mav  ^>.r>  \\vv,\\s  v\t*  the  form  above  described  were  used 
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in  each  complete  series,  and  also  5  floats  in  which  a  weighted  paiutkeg, 
11  inches  high  by  11  inches  in  diameter,  was  substituted  for  the  tin  wings 
forming  the  lower  part  of  the  float.  The  cord  joining  the  two  i)arts  of 
this  float  was  tied  to  two  cross- wires,  intersecting  as  nearly  as  possible 
in  the  center  of  figure  of  the  paintkeg.  In  the  reduction  of  the  gaug- 
ings  a  mean  of  all  the  observations  of  a  series  which  were  made  with  the 
same  kind  of  floats  was  adopted,  as  giving  the  time  required  bj^  the  float 
to  pass  the  base.  In  gaiigings  where  both  kinds  of  floats  were  used,  the 
•entire  computation  has  been  made  independently  for  the  tin  floats  and 
paint-kegs,  and  the  results  derived  from  each  are  given  in  the  tabula- 
tion. Numerous  soundings  were  taken  upon  each  cross-section  to  deter- 
mine its  area,  and  levels  were  taken  on  each  side  of  the  river  between 
the  base  and  the  water's  edge,  to  determine  the  eftect  which  a  change  of 
stage  has  upon  the  area  of  the  cross-section.  The  first  soundings  on 
cross-section  No.  1  were  taken  early  in  A])ril,  1879.  It  being  afterwards 
suspected  that  considerable  changes  had  taken  place  in  the  river  bed, 
the  cross  section  was  resounded  early  in  June,  when  it  was  discovered 
that  changes  had  taken  place.  The  first  soundings  were  used  in  the 
computations  of  gaugings  from  April  18  to  May  9, 1879,  inclusive ;  the  June 
soundings  are  used  in  the  reduction  of  gaugings  of  June  2  and  18,  and 
a  mean  of  the  April  and  June  soundings  for  the  gauging  of  May  26.  To 
determine  the  slope  of  the  river,  gauge-stafts  were  set  up  and  the  difter- 
cnce  in  the  elevations  of  their  zeros  ascertained  bj*  leveling. 

Headings  of  these  staffs  were  taken  in  connection  with  the  gaugings. 
Different  combinations  of  these  gauges  were  made  upon  different  days, 
the  distance  between  the  2  gauges  used  for  measuring  the  slope  ranging 
from  i  a  mile  to  1 J  miles. 

Computation, — In  the  computation  of  the  gaugings  the  position  of  the 
mean  of  a  series  of  floats  was  first  determined  from  the  readings  to  the 
several  floats ;  then  the  mean  velocity  given  by  tlie  series  was  computed, 
and  from  the  mean  velocities  the  velocities  of  different  portions  of  the 
river,  called  sections,  were  obtained.  These  velocities  multiplied  by  the 
areas  of  the  sections  give  the  approximate  discharges  of  the  sections 
from  which  the  mean  velocity  and  discharge  of  the  whole  river  are  ob- 
tained by  the  rigorous  method  given  on  page  314  of  **  Humphreys'  and 
Abbot's  Report  on  tlie  jNIississippi  liiver,"  all  of  which  will  be  treated 
more  in  detail  l)elow. 

Position  of  floats, — For  each  cross  section  a  table  was  constructed 
giving  the  distance  from  the  base,  of  points  hi  the  upper  and  lower  sec- 
tions corresponding  to  given  readings  at  the  station  commonly  occupied 
for  locating  floats. 

A  mean  of  all  tlie  readings  to  floats  on  each  section  which  were  to  be 
combined  in  the  reduction  was  taken,  and  the  distance  corresponding  to 
this  reading  lookecl  out  from  the  table.  A  mean  of  the  distances  to  the 
same  series  of  floats  on  the  upper  and  lower  sections  was  then  taken 
and  assumed  as  the  distance  of  the  series  from  the  base,  corresi)onding 
to  the  velocity  deduced  from  that  seriiss.  These  velocities  in  feet  i)er 
second  were  next  obtained,  by  dividing  the  length  of  the  base  by  the 
mean  of  the  observed  times  of  transit  past  the  base. 

Division  of  the  river  into  sections, — The  plan  first  adoi)ted  and  used  in 
the  gaugings  of  April  18,  19,  A])ril  28  and  May  2,  1879,  for  the  division 
of  the  width  of  the  river  into  sections,  was  to  assume  as  many  sections 
as  there  were  series  of  floats  in  the  gauging,  the  limits  of  the  sections 
being  midway  between  the  positions  of  the  several  series.  A  profile  of 
the  river-bed  was  plotted  from  the  soundings  from  which  the  mean  depth 
of  each  section  was  obtained  and  the  observed  velocity  was  aiiSkV\vAft.i'5s». 
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the  iiieau  velocit>"  of  the  section  in  which  it  occurred.  This  metliod 
being  found  neither  convenient  nor  sufficiently  accurate,  the  following' 
method  was  adopted  for  the  remaining  gangings.* 

Commencing  at  a  point  assumed  at  an  arbitrary  distance  from  the 
Illinois  base,  for  cross-secticm  Xo.  1,  174  feet,  and  for  cross-section  Ko.2, 
SS  feet,  the  river  wa«  divided  into  sections  each  100  feet  wide.  The  river 
varying  somewhat  in  width  with  the  stage  of  water,  it  is  evident  that 
the  sections  contiguous  to  the  shore  cannot  be  assumed  as  of  any  con- 
stant width,  and  a  profile  of  the  shore  was  therefore  constructed  from 
the  levels  and  the  soundings,  by  means  of  which  profile  the  width  and 
mean  depth  corresi)onding  to  any  stage  can  be  readily  obtained.  For 
all  sections  except  the  shore  sections,  a  mean  of  all  the  soundings  on  each 
section  reduced  to  zero  stage  wa§  taken  as  the  mean  depth  of  the  sec- 
tion at  that  stage  and  a  table  formed  for  each  cross-section  giving  these 
mean  depths. 

The  mean  depth  corresponding  to  any  stage  of  the  river  is  found  by 
adding  the  figures  representing  the  stage  to  the  tabular  number,  and 
since  the  width  of  the  section  is  100  feet,  the  area  is  found  by  moving 
the  decimal  i)oint  two  places  to  the  right.  The  mean  velocities  of  the 
100  feet  sections  were  taken  from  a  curve  platted  by  using  as  abscissas 
the  distances  from  the  Illinois  base  and  as  ordinates  the  observed  veloci- 
ties. 

Solution  of  the  filial  equation, — The  formula  given  by  Humphreys  and 
Abbot  for  deteruiining  the  mean  velocity  of  the  whole  river  is 

2'  a  (r)  +  I  (a  -i-  M  M)  =  -  («  V  J  D). 

in  which 

,  l.GO 

\/i)  +  i.r> 

I)  being  the  depth  of  the  river  at  any  i)oint. 

Values  of  the  quantity  ^V  h  i  have  been  computed  for  values  of  D 
from  0  to  .'^0  feet  and  have  been  tabulated.  The  values  of  the  coefficients 
used  in  the  computations  are  obtained  from  this  table. 

The  ecpiation  for  determining  v  .J  becomes  by  dividing  by  J  a 

^  la  -  la 

Wliich  is  a  ({uadratic  crpiation  of  the  form 

.r"^  -f  p  X  =  q 
which  hitter  may  be  solved  by  putting 

m  sin  ]\1~  y/q 

m  cos  ^I  =  ?T^> 
when  the  value  of  .r  becomes 

x=  —  ?«  cos  M  i  m. 

In  the  actual  application  of  the  formula  the  ])ositive  sign  of  "  m^  is 
used  for  the  reason  given  on  i)age  ,'H4  of  Humphreys  and  Abbot.  In 
the  computation  of  the  gaugings  the  difference  of  the  numbers  cos  M 
and  m  was  obtained  by  the  use  of ''  Wittstien's  subtraction  logarithms." 
The  solution  of  the  above  ecpiation  determines  the  square  root  of  the 

*Th«;  gjiuj^iugs  of  April  IH,  19,  April  2-^  and  May  2,  above  ine:Uioned,  were  after- 
w.'irrl.vj  n?c(>?npute(l  and  \datt(.'d  according  to  nietliod  described  below,  aii<l  only  the 
ri'siilts  of  this  rocomnutatiou  vvw  '^'weu  m\  ?v.\!VHm\\v^\\vu\g  sheets. 
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mean  velocity  of  the  whole  river  at  the  particular  cross-section  under 
consideration.  The  mean  velocity  multiplied  by  the  area  of  the  crqss- 
section  gives  the  discharge  per  second. 

General  remarks, — Cross-section  No.  2  is  much  better  adapted  for  suc- 
cessful gaugings  than  cross-section  No.  1,  and  the  results  obtained  from 
it  are  entitled  to  greater  confi^dence  than  those  from  No.  1.  A  sand-bar 
above  section  No.  1  kept  moving  down  until  it  encroached  upon  the  sec- 
tion before  the  last  gauging  was  taken.  At  section  No.  2  there  was  uo 
I)erceptible  change. 

SEDIMENT   OBSERVATIONS. 

Sediment  observations  were  made  at  Burlington,  Iowa,  during  the 
months  ot  April,  May,  and  June,  1879,  to  ascertain  the  amount  of  sedi- 
ment held  in  suspension  by  the  water  of  the  Mississippi  River  at  that 
point.  The  water  was  taken  from  the  river  in  a  sediment  measure  con- 
structed especially  for  this  survey  at  Rock  Island  Arsenal.  The  meas- 
ure consists  of  a  hollow  steel  cylinder  closed  at  the  top  and  bottom  by  fixed 
brass  plugs,  the  top  plug  being  provided  with  an  opening  closed  by  a 
conical  valve  which  is  held  firmly  to  its  seat  by  a  spiral  spring,  and  by 
means  of  a  cord  attached  is  opened  as  desired.  By  means  of  brass 
clamps  the  measure  may  be  attached  to  a  pole  and  lowered  to  any  depth 
desired. 

The  water  was  taken  at  depths  of  1  and  12  feet  below  the  surface  at 
a  point  where  the  river  was  13  feet  deep.  The  amount  of  water  obtained 
at  each  observation  was  equal  to  the  capacity  of  the  measure,  which  was 
found  to  be  2,375  grams. 

The  water  was  emptied  into  glass  jars  and  allowed  to  settle.  It  was 
at  first  intended  to  determine  the  size  of  the  particles  composing  the 
sediment,  and  a  glass  micrometer  and  a  powerful  microscope  were  pro- 
cured for  that  purpose,  but  the  operation  was  found  to  be  unsatisfac- 
tory on  account'  of  the  difficulty  of  separating  the  sediment  from  the 
filter-pai)ers  upon  which  it  was  deposited  without  mingling  with  it  par- 
ticles of  the  paper.  The  water,  having  been  allowed  to  settle  a  given 
time,  was  siphoned  off,  except  about  half  an  inch  in  the  bottom  of  each 
jar.  The  siphoned  water  was  placed  in  a  new  jar  for  further  examina- 
tion, and  the  residual  water,  after  being  thoroughly  shaken,  was  filtered 
through  a  pair  of  filter-papers,  which  had  previously  i)een  carefully  bal- 
anced, so  as  to  be  of  exactly  the  same  weight.  After  the  filtration,  the 
papers  were  dried,  and  the  ditterence  in  weij»ht  was  adopted  as  the 
weight  of  the  secliment.  The  above  ])roces8  was  repeated  until  no 
deposit  was  perceptible.  It  was  found  that  sand  antl  the  coarser  detri- 
tus would  settle  in  about  15  minutes,  all  except  clay  would  settle  in  24 
hours,  and  clay  in  about  100  hours,  although  in  some  cases  the  water 
would  retain  a  milky  appearance  for  several  weeks.  The  proportion  of 
sediment  to  water  is  so  small  that  a  long  series  of  observations  would 
be  necessary  to  give  definite  data. 

BORINGS. 

Borings  were  made  with  a  2-inch  auger  having  a  stem  of  gas-pipe,  to 
which  joints  were  added  as  the  boring  progressed.  Great  difficulty  was 
exx>erienced  in  boring  under  water,  owing  to  the  filling  in  of  fine  sand  and 
mud,  so  that  it  was  found  necessary  to  first  drive  a  gas-pipe  shaft,  pump 
it  onty  and  bore  inside  of  it.    The  blade  of  the  auger  was  also  inclo&ed. 
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in  a  sheet-iron  casing  in  order  to  prevent  the  water  from  washing  off 
the  material  as  the  auger  was  drawn  up.  The  results  of  the  various 
borings  are  shown  on  sheet  2. 

Very  respectfully,  your  most  obedient  servant, 

A.  Mackenzie, 


Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


S  4. 

improvement  of  the   MISSISSIPPI  river  FROM   LA  CROSSE,  WISCON- 
SIN, TO  MOUTH  OF  ROOT  RIVER. 

No  work  was  executed  under  this  appropriation  during  the  past  year 
other  than  frequent  examinations  of  the  locality.  The  closing  dams 
built  in  1878  have  settled  slightly,  but  they  have  well  answered  the 
purpose  for  which  they  were  built  in  holding  the  main  channel  of  the 
river  along  the  city  front.  The  channel  in  the  vicinity  of  La  Crosse, 
which  for  several  years  was  very  changeable  and  troublesome,  owing 
to  the  movement  of  large  bodies  of  sand  caused  by  dosing  the  cnute  to 
the  east  of  Minnesota  Island,  has  now  had  time  to  regulate  itself,  and 
no  trouble  is  anticipated  in  this  immediate  vicinity  during  the  present 
season. 

ABSTRACT  OF   APPROPRIATION'. 

By  act  approvoa  Jnwa  IH,  1878. $12,500 

No  further  api)ropriatioii  is  asked  for. 

Money  statement 

.July  1.  1h71>,  amount  availabh* ' ^«2  33 

July  1, 18H0,  amount  expeudrd  «luiin«r  iUvnX  year. 782  33 
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REMOVAL   OF   HAH    IX    TlIK    MISSISSIPPI    KIVKR,   OPPOSITE    DUBUQUE, 

IOWA. 

A  proji^ct  for  this  work  was  presented  in  February,  187G  (Report  of 
Chief  of  Engineers,  I^jirt  I,  i)age  090).  A  modified  i)rqject,  eonteinplat- 
in/;»-  the  removal  ot  tli(^  bar  by  (hvd^ing,  was  a])i)roved  June  20,  1877 
(Keport  of  Chief  of  Hnj^ineers,  Part  1,  pa*(e  52.")).  On  July  1>,  1878, 
Major  Farquhar,  in  his  annual  rci)()rt,  snbnn'tted  a  new  project  for 
dred<;:in;;:,  chanjiin^  foiincr  estiinat(\s.  In  May,  1S79,  a  Board  of  En- 
gineers snbniitted  a  rei)ort  on  Dubncine  Harbor,  from  which  the  follow- 
ing* extract  is  taken  : 

Tin'  follo\vin«^  plan  is  ])roiM)soil  for  the  iMTinancnt  iniprovcnu'iit  nl*  the  harI>or :  To 
prcNrnt  tlu'  rcforniin;;  of  tin'  l)ar  it  is  proposiMl  to  diniinisli  the  x>re8ent  low-watcir 
cr().s.s-s»»ction  of  the  rivt;r  at  the  landiujj:  by  <'onstnn-tin^  two  low  spur  <1aui8  ou  the 
I)iinl<'itli  shore,  as  shown  on  thf  traciii;^  hcirto  atlachrd,  risiii;^  only  a  foot  above  low- 
water,  ami  <'xtenclin«^  out  to  the  :»-foot  rurve  at  low-water,  or  fiirtlier  if  fouuil  neceti- 
Hary.  The  etfeet  of  these  s]»nrs  on  the  opposite  shore  should  he  carefully  watched, 
and  no  nioro  eontraetion  should  he  produced  than  is  necessary  to  secure  the  deaired 
eti'cct.    The  cost  of  the  s\mvs  \s  o^WwwvXod  wt  ^I'i^tJG*:^ :  but,  as  the  dredging  already 
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neaily  completed  has  secured  easy  access  to  the  landing,  and  as  for  two  years  the 
dredged  space  has  shown  little  or  no  tendency  to  fill  np,  although,  indeed,  there  haye 
been  no  marked  high- water  periods  in  this  time,  it  is  not  proposed  to  begin  construc- 
tion until  the  present  dredged  area  shows  signs  of  filling  up,  when  the  work  should 
be  done  without  delay. 

The  construction  of  the  spurs  will  force  the  current  against  the  bar  and  Dnbuqne 
shore,  but  the  shore  below  the  bar  is  already  protected  by  stone,  either  loose  or  in 
paving;  hence,  any  serious  cuttiing  of  it  is  not  anticipated.  The  spurs  may  cause  a 
slight  shoaling  at  the  Dunleith  Ferry  Landing,  but  tiie  cost,  shonld  it  be  necessary, 
of  a  short  causeway  200  to  300  feet  in  length  to  the  new  shore-line  would  be  very 
small.  As  the  bar  is  now  so  far  removed  as  to  meet  the  present  requirements  of  com- 
merce, it  is  proposed  to  discontinue  dredging,  and  the  available  appropriation  can  be 
retained  to  commence  the  proposed  spurs.  In  case  there  should  be  no  filling  up  in 
the  next  high-wat^r,  the  dredging  should  be  continued  in  accordance  with  the  recom- 
mendation of  Maj.  F.  U.  Farquhar,  in  his  report  of  July  2,  1878. 

As  recommended  by  the  Board,  an  examination  was  made  August  24, 
1879,  and,  as  no  filling  was  apparent,  the  balance  on  hand  was  expended 
in  dredging.  The  details  and  present  condition  of  work  are  shown  in 
appended  report  of  M.  Meigs,  United  States  civil  engineer. 

To  carry  out  the  existing  project,  the  work  remaining  to  be  done  is  to 
construct  the  spur  dams  from  the  Illinois  shore  and  continue  dredging 
on  the  bar,  but  as  there  is  a  possible  danger  that  the  channel  may  leave 
the  draw  span,  and  as  there  is  also  a  probability  that  a  large  portion  of 
the  material  from  which  the  bar  is  fonned  comes  from  the  caving  island 
banks  above  the  bridge,  I  propose  before  doing  this  work  to  make  a 
thorough  low-water  examination  of  the  channels  and  shores  above  the 
railroad  bridge.  The  appropriation  of  June  14,  1880,  will  be  expended 
for  dredging  and  the  (commencement  of  spur  dams,  unless  it  appears 
that  the  work  above  referred  to  is  of  greater  importance.  To  carry  out 
the  project  of  the  Board  of  Engineers'  construction  of  spur  dams  is  es- 
timated to  cost  $12,GG8,  and  to  comi)lete  the  dredging  as  estimated  by 
Major  Farquhar,  in  his  report  of  July  2,  1878,  will  cost  $9,102.03,  or  a 
total  of  $21,770.03. 

ABSTRACT    OF   APPROPUIATIOXS. 

By  act  approved  August  14,  1876 $15, 000 

By  act  approved  J  uue  18,  1878 10,000 

By  act  approved  March  3,  1879 4,000 

By  act  approved  June  14,  1880 7,000 

Total 36,000 

Money  statement 

July  1,  1879,  amount  available $3,995  76 

Amount  appropriated  bv  act  approved  June  14,  1880 7,000  00 

$10, 995  76 

July  1,  1880,  amount  expended  during  fiscal  year 3, 995  13 

July  1,  1880,  amount  available 7,000  63 

Amount  (estimated)  re(iuired  for  completion  of  existing  project 14, 770  03 

Amount  tbat  ran  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     14, 770  03 


report  of  mr.  m.  meigs,  united  states  civil  engineer. 

United  States  Engineer  Office, 

Rock  Island,  III.,  July  1,  1880. 

Captain  :  I  have  the  honor  to  submit  my  report  on  the  "  Removal  of  a  bar  in  the  Mis- 
sippi  River  opposite  Dubuque,  Iowa/'  for  the  fiscal  year  ending  June  30,  1880.  An 
examination  of  Dubuque  Bar  made  August  24, 1879,  after  the  subsidence  of  high-water, 
showed  no  change  of  importance  subsequent  to  the  completion  of  dredging  o\>eratv<VD& 
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in  1878.  A  few  patches  that  ha<l  heen  left  from  0.1  to  0.3  of  a  foot  above  grade  were 
still  lu  place ;  in  a  few  spots  the  bottom  had  been  raised  0.1  or  0.2  of  a  foot ;  in  some 
others  deepened  the  same  amount ;  there  was  no  filling  up  that  conld  be  discoveted. 
The  dredging  was  therefore  continued  according  to  the  plan  previously  punned,  and 
as  recommended  in  the  report  of  the  Board  of  Kngincers  convened  at  Dabaqae  May 
19,  1879.  The  accompanying  sketch  shows  the  areas  drcdge<l  in  diftereut  years  and 
the  present  position  of  the  l>ar. 

The  work  alnrady  piTlbrmed  has  be»*n  of  great  benefit  to  the  shipping  interests  of 
Dubuque,  and  has  prove<l  satisfactory  to  steamboat  men. 

The  excavatiou  carried  on  in  18^0  was  in  the  upper  and  heavier  portion  of  the  bar. 
The  grade  was  4^  feet  l>elow  low-watt*r.  being  the  same  as  in  previous  work,  (187tf,) 
and,  if  the  work  is  carried  further  up  stream,  the  excavation  will  be  in  sand  averaging 
5  feet  above;  grade,  and  consequeutly  expensive. 

The  work  was  done  under  agrei'ment  with  H.  S.  Brown  *fe  Co.,  of  Hamilton,  111. 
But  two  offers  wen*  made,  that  of  Brown  &  Co.,  and  by  Whitney  &  Son,  of  Keokuk, 
Iowa.  Both  bid  the  same  price,  17  cents  per  cubic  yanl,  and  the  work  was  given  to 
Brown  &  Co.,  as  they  owneil  the  only  idle  dredge  on  the  river.  The  appropriation 
ran  out  before  the  cleaning  up  was  quite  finished,  and  a  small  patch  was  left-  2  feet 
above  grade,  but  it  will  probably  wash  down  nearly  even  with  the  rest  of  the  bottom. 
I  would  suggest  that  no  further  work  be  done  until  a  survey  at  low-water  shall  have 
shown  what  the  tendency  of  th<*  bar  may  be  either  to  fill  up  or  wash  away. 


Summary  of  work  to  date. 


Itouis. 


Cubic 


Dredged  during  year  ending  Jun»»  :iO.  1878 39, 261 

Dredged  during  year  ending  June  30.  1879 37, 043 

Dredged  during  year  ending  June  30.  1880 j  19, 573 

Total '  85.876 


('o>it  of  dredging  ll»,r>73.*24  cubic  yardn  at  Dnhuque,  Iowa. 


Itom.s. 


Cost  per        fp„*„i 
cubic  yard.      ^°"' 


19,r)73.'J4  eubie  yards  dnnlgiMl  and  reiiiovt-d. 
i>uperinteMd(!n('«*  and  ollirr  rx|M*iisr.«< 

Total  co.st 


$0  17  '  93. 337  44 
0  03  .        667  69 

0  20       3. 995  13 


Very  r(?sj)e(*t fully,  your  obrdieiit  servant. 


Capt.  A.  Mackknzii:, 

Corpn  of  EnginnrA,  f.  S.  A. 


M.  MKUis, 
lliited  .Statfff  Ciril  Engineer, 


S6. 


IMPROVEMKXT  OF  KOCK   ISLAND  RAPIDS,  MISSISSIPPI  RIVER. 

The  original  project  for  this  work  was  presented  in  1866,  and  was  to 
make  cuts  through  the  various  chains  of  rock,  giving  an  available  depth 
at  extreme  low-water  of  4  feet  and  a  channel  width  of  200  feet.  The 
work  remaining  July  1,  1879,  to  complete  the  existing  project,  was  to 
remove  some  patches  of  rock  at  Saint  Louis  chain ;  to  make  a  thoroagh 
examination  of  the  channel  and  remove  any  projecting  points  of  rode, 
if  such  were  found ;  to  dredge  out  all  loose  rock  and  bowlders  which 
had  been  carried  into  the  channel  by  ice ;  and  to  establish  and  main- 
tain a  system  of  channel  marks. 
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The  very  small  appropriatiou  of  March  3,  1879,  only  permitted  of  the 
blasting  of  the  patches  of  rock  at  Saint  Louis  chain  and  the  placing  in 
position  of  a  few  experimental  buoys.  The  details  of  the  past  season's 
work,  together  with  methods  used,  are  fully  given  in  the  annual  report 
of  Assistant  Engineer  E.  F.  Hoifmann,  who  has  been  in  local  charge  of 
this  work  from  its  commencement. 

The  establishment  of  buoys  on  the  rapids  is  difficult,  but  their  ne- 
<5essity  is  jsuthciently  great  to  justify  a  trial  of  various  forms  until  the 
•one  is  found  which  best  resists  the  blows  received  at  certain  stages  from 
steamboats  and  rafts. 

These  buoys,  once  established,  should  be  carefully  maintained ;  and 
to  do  this  will  require  the  services  of  a  small  steamboat  which,  it  is  es- 
timated, will  cost  about  $1,200.  In  reply  to  a  resolution  of  the  House 
of  Representatives,  a  report,  dated  March  15,  1880,  was  submitted, 
giving  a  brief  history  of  the  Kock  Island  Rapids  improvement,  with 
reasons  and  estimates  for  increasing  the  width  of  channel  to  400  feet. 
(House  Ex.  Doc.  67,  Forty -sixth  Congress,  second  session.) 

The  work  projected  for  this  fiscal  year  is  to  thoroughly  examine  the 
outs  through  the  various  chains,  dredge  out  loose  rock,  and  remove  any 
projecting  points,  and  establish  channel  marks  for  the  aid  of  navigation. 
As  much  of  this  work  will  be  carried  out  as  the  $8,000  appropriated  by 
act  of  June  14,  1880,  will  permit.  At  the  beginning  of  the  last  fiscal 
year  it  was  estimated  that  an  appropriation  of  $12,000  would  comx>lete 
the  existing  project,  and  it  would  have  done  so,  but  the  reduction  of 
this  amount  to  $8,000  will  carry  a  portion  of  the  work  into  the  fiscal 
year  ending  June  30, 1882,  and  increase  its  cost  materially.  I  now  es- 
timate that  an  additional  appropriation  of  $8,000  will  be  needed  to 
•complete  the  existing  project  and  maintain  buoys  and  channel  marks. 

ABSTRACT  OF   ATPROPRIATIOXS. 

By  act  approved  .June  23,  1866 $100,000 

By  act  approved  March  2,  1867 200,000 

By  allotment  from  appropriation  of  July  25,  1868 156, 000 

By  allotment  from  appropriation  of  April  10,  1869 133, 050 

By  act  approved  July  11,  1870 150,000 

By  act  approved  March  3,  1871 150,000 

By  act  approved  June  10,  1872 50,000 

By  act  approved  March  3,  1873 50,000 

By  act  approved  June  23,  1874 50,000 

By  act  approved  March  3,  1875 50,000 

By  act  approved  August  14,  1876 25,000 

By  act  approved  June  18,  1878 30,000 

By  act  approved  March  3,  1870 6,  OCO 

By  act  approved  June  14,  1880 8,000 

Total 1,158,650 

Money  statement. 

July  1,  1879,  amount  available |9, 176  93 

Amount  appropriated  bv  act  approved  June  14,  1880 8, 000  00 

17, 176  93 

July  1, 1880,  amount  expended  during  fiscal  year 7, 742  72 

Jnly  1,  1880,  amount  available 9,434  21 

.  Amount  (estimated)  required  for  completion  of  existing  project 8, 000  00 

.Amoirnt  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.    8, 000  00 
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RKPORT  OF  MR.  E.  F.  IK'FKMAX,  ASSIBTANT  ES'OIXKEK. 


C'AiTAis:  I  hHvi'tln'  iimicir  tOBiilniiit  iiiv  ri'iiortiif  operiitiouBforthe  "  ImproTement 
of  the  K<H-k  iHluiiit  RupiUx"  fur  ttu'  llwul  yi>ur  t-niliiiK  Juitc  30,  IBM. 

Acciiriliii);  to  the  apiirovi^d  nriijvi-t  it  wiu>  proiiuenil  lo  cxctivatt!  at  Saint  Loiiischain 
Hevvriit  iintthi'H  iif  nx-k  n-hicli  mcrouclieil  iiu»ii  the  rha»iio1.     On  Jnly  Ij  tlio  small 
Htoamer  Ireui'  tuned  thu  Httiim-ilrill  acovr  lu 
work  nriiliiHtiiit'  ^ith  <lvuniiiilt.-  wnH  bi-Kiii 
tli<!  following  tobl.': 


1  Is 


\Sj.ft.  Aft.    'ctA.yd*. 

'  Asm  2.S  ]         M> 

I  T,iw  1.U  I         art 

Z.STO  ZM  ,             IM 


,.^ I........  - „^ — f,  ^..,„  , „  ...  .„^h  (Irill-hule,  of  which 

one-thinl  was  K».  1  aud  twivf hinln  Kii.  2.  An  aviTa};u  of  0.72  pouDd  (Ivuaniile  to  1 
cubic,  yani  of  rock  wnM  nxiuiri'd.  The  cjst  pir  ciihii;  yard  wua  $3.1:!.  Tlie  work  wa« 
much  lurcrfiired  with  by  poHniiiK  Mtcaiiii'rs  anil  rafts,  as  thi>  plant  hnrt  to  be  ftvtiucntly 
inoTui]  out  of  tlirii'  way. 

Sevtii'al  chnixiiBwen'  fired  HiinnUaucuiwly,  the  ftvorajji'  niimhcr  of  coimectcil  churgra 
lieiiiK  five,  but  from  twclvv  to  fiinrlifi)  i-haiv<<smiVHiiuicti]iii>N  exploded  at  on<fc  where 
thi-  li'i'tiLutiiiti  of  till'  riviT  1>c<l  inmlH  it  dpsinilile.  A  diiith  niatiiictiMilectriu  bnttory 
wiiH  I'liietly  uwil  tor  tiriiijt  the  cliarKi-s,  aiid  a  frii-lion  el<'Ctriii  l>att*ry  alwi  did  good 
wrviri'.     Kiir  ti'stinjt  lliii  connection  a  Kxl^'iiiometvr  wa»  priH'iircd, 

Tliii  dn-ilKiiiff  of  the  broken  nwk  nt  Saint  Louin  clkain  Hhoald  In-  porfiimied  dnrin|{ 

the  coniiii){  Hi-awni,  and  it  is  rcN[ tfiillv  n>cnmnii>iidifl  that  a  dred^  for  thlx  pnr]Kwe 

ht!  hin-d  by  tlii>  day.  The  iib<>vi--nieiilioned  work  is  tlic  ftnit  which  has  been  solelv 
executed  by  habiKiniiius  MnsI  inj;  dnriiiK  the  progri'iM  of  this  inipnircilient.  and  it  wiil 
Ih'  of  inteii'sl  to  know  if  kiiolis  or  pnints  of  ruck  liave  been  liift  ubovo  grade,  in  whii^ 
case  the  Hteiiin  ilrill  will  liuvi-  lo  lie  uwrt  liefore  tlie  places  are  drvtlgei),  ntid  fur  this 
reason  Ihi:  liiii:  of  a  ditilKo  by  tin-  <lay  is  im-fcrabk^.  A  sum  of  SU,00O  will  he  Hnflleiont 
til  dretl^e  the  iinpriivcd  chiiiini'l  at  Saint  I.ouis  rhain  and  to  do  as  uin<'h  sul)«|iieaui 
blasliiiK  an  may  Ik-  iierc-Hsiiry  fur  removiiifc  |>oiuls  foiiixl  to  be  alHtve  graite. 

Thi>  Kteam  drill  was  ul'tu  iisiil  diirliiK  Ihewasun  in  brt^akinj;  up  piect'N  of  rock  which 
had  heeti  rarriol  by  ice  iiilo  the  cuts  at  Smith's,  CaroiilMlI'm  and  Duck  Creisk  chains. 
Onleii*  were  n-ii'ived  flimi  yi>u  tu  place  bnoys  uf  ditt(>n'ut  shape  at  cerlniu  places  on 
the  riipiiN,  wheii-  tlii-y  couiil  bi<  li-ied  willi  refen'iieu  to  Korviutf  !<^  t!"bl<'a  to  iinvigs- 
tiuti,  aud  to  wilhsluudinf;  eulliHioiis  with  ixiNHin);  steamers  ami  rafts.  Two  of  these 
trial  liiioy*  ivi'H'  luaile  «f  1  imlwr  Id  inehes  M|iian'  and  I'i  fct't  hmg,  faHteiied  to  a  ring- 
boU  let  into  the  lueky  buttum  by  a  j-ineh  chain.  Two  other  liao.vs  were  i>ear-iihaport, 
the  lar^re  e[iil  -ii  iiii-hi>H  diameter,  the  small  end  S  inches,  and  t^feet  in  icngtii;  through 
the  nxU  a  linle  3  iurhed  diiuneter  was  bon-d,  anil  a  itmieal  holo  cut  out  uf  the  top  of 
the  liiioyH  fill'  r]i(>  piirpuse  of  rti'elring  a  i-HHi-iroii  eoaieal  bullow  piece  with  a  bar  of 
wrungbt  iiiin  artmniL  which  llie  i-haiii  is  faslenedwhieh  leads  to  the  ring-bolt  lusDrt«d 
in  tlu-  liver  iHittum.  The  slack  of  the  chain  lies  alongside  of  thchohling  chain  In  the 
inteiiur  of  the  biiuy.  aud  the  lenglh  of  the  chain  can  Ih-  regulated  ut  pleasure  by  ro- 
iiioving  thu  cast-iiiiii  coue.  During  the  wiiiler  of  1^9-lt^)  eleven  new  bno^s  w«n 
eon  Hi  rue  ted,  sis  uf  the  pear-shaiied  pal  tern  and  live  H|>ar  Ituii.ys.  The  Utter  were  pro- 
vided with  an  extrii  weiicht  of  «0  )iinin<ls  attached  tu  the  chain,  which  nt  low-water 
rests  oil  Ihi!  lii>ltom.  and  at  high-water  iictu  as  a  compensating  spring  when  the  bii«7 
pulls  liK>  strong  ou  the  ring-bolt. 

AH  Ihe  buoys  were  placed  In  iHwilion  iH-tweeu  Manh  si8  and  Apnl  I  laso.  The  M> 
cuuipanying  sketch  shows  tlM^ir  1oi>ation.  Additional  buoys  will  be  ]>laccd  as  soon  U 
a  lower  Htage  of  wntiT  iHTinits.  The  anchoring  of  the  huoyii  on  some  of  tlie  most  dif- 
/icillt  )iiai-es  huH  iiiel  with  gciieiiil  approval  from  stciimbonl  men,  and  it  is  of  maeh  im- 
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portance  to  navigation  that  the  plan  of  buoying  the  channel  be  adhered  to^  and  that 
Deacons  or  landmarks  be  established  for  the  same  purpose. 

It  is  necessary  to  remove  and  store  away  the  buoys  when  ice  begins  running^  and  to 
replace  them  in  the  spring.  Rafts  and  steamboats  sometimes  displace  them,  and  in 
such  cases  they  should  be  promptly  restored. 

For  accomplishing  this  work,  and  for  other  puri)0>ies,  the  use  of  a  small  steamer  on 
the  rapids  is  indispensable,  which  can  tow  the  steam-drill  scow  or  n  smaller  flat-boat 
provided  with  conveniences  for  drilling  by  hand.  Such  a  steamer  could  be  built  for 
fl,200,  and  its  c(mstruction  is  most  rehpectfully  recommended.  A  survey  of  the  cuts 
through  the  various  chains  is  quite  necessary  ^or  ascertaining  what  obstructions  have 
been  brought  into  them  by  ice  during  the  x)ast  nine  years. 

The  sounding  machine  belonging  to  this  improvement  is  provided  with  an  adjusta- 
ble rake  by  means  of  which  small  objects  on  the  river  bottom  may  be  found  and 
located. 

To  make  the  survey  the  hire  of  a  small  steamboat  from  two  to  three  weeks  will  be 
necessary  for  towing  the  rake.  The  notes  of  the  snrvey  can  be  plotted  during  the 
winter  so  as  to  be  used  when  another  appropriation  gives  the  means  of  dredging  over 
the  entire  improved  channel  of  the  river. 

SUMMARY  FOR  FISCAL  YEAR  ENDING  JUNE  30,  1880. 

Blasting  1,513  cubic  yards  of  rock  at  Saint  Louis  chain,  at  $3.12  per  cubic 

yard $4,720  56 

Removing  obstructions  washed  in  by  ice  at  Smith's,  Campbell's,  and  Duck 

Creek  chains 1, 675  00 

Constructing  and  establishing  buoys 1, 347  16 

Total  expended 7,742  66 

Very  respectfully,  your  obedient  servant, 

E.  F.  Hoffmann, 
Assistant  Engineer. 
Capt.  A.  Mackenzie, 

Corps  of  Engineers,  V,  S,  A, 


special  report. 

United  States  Engineer  Office, 

Rock  Island^  IlLj  March  16, 1880. 

General  :  I  have  the  honor  to  acknowledge  the  receipt  of  a  letter 
from  your  office,  dated  March  9,  1880,  containing  a  resolution  of  the 
Hoase  of  Eepresentatives  calling  for  ceitain  maps  and  reports  in  refer- 
ence to  a  proposed  widening  of  the  Rock  Island  Rapids. 

The  accompanying  map,  whj^ch  shows  the  present  200-foot  channel  and 
the  work  required  for  increasing  this  width  to  400  feet,  was  prepared 
last  winter,  but  as  yet  no  rei)orts  on  the  subject  have  been  made.  I 
would  therefore  submit  the  following : 

The  Rock  Island  or  Upper  Rapids  of  the  Mississippi  River  extend 
from  Le  Claire,  Iowa,  to  Rock  Island,  111.,  a  distance  of  14  miles.  The 
river  over  this  reach  consists  of  a  succession  of  deep  pools  separated  by 
chains  of  rocks,  through  which  the  water,  in  the  course  of  centuries,  has 
cut  irregular  chanDels. 

The  fall  from  the  head  to  the  foot  of  the  rapids  is  about  20  feet,  giv- 
ing a  velocity  of  current  of  from  2  to  10  feet  per  second  at  the  shoal 
places. 

Previous  to  improvement  the  rapids  could  not  be  passed  by  the  larger 
class  of  steamboats  at  a  2-foot  stage,  and  at  medium  stages  boats  draw- 
ing from  3  to  4  feet  could  only  pass  on  calm  days  and  by  using  extreme 
caution. 

Congress  caused  a  survey  and  report  on  the  improvement  of  the 
rapids  to  be  made  in  1866. 

97  e 
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Ill  1807  the  work  of  excavation  was  commeuced,  in  accordance  with 
the  approved  plan,  which  was  to  give  a  channel  over  the  chains  200  feet 
in  width,  witli  a  dei)th  of  4  feet  below  low- water  of  1864.  From  1867  to 
1879,  inclusive,  $1,150,050  were  appropriated,  for  which  sum  about  90,000 
cubic  yards  have  been  removed,  virtually  completing  the  above-men- 
tioned plan. 

The  work  already  accomplished  has  greatly  benefited  navigation,  but 
still  certain  dilticultics  are  met  with. 

1.  The  channel  is  so  crooked  that  it  is  not  practicable  in  its  present 
condition  to  provide  a  system  of  lights,  and  the  naNigation  of  the  rapids 
is  suspended  dunng  the  night. 

2.  The  width  of  2(K)  feet  is  not  suflQcient  to  admit  of  2  boats  with 
barges  passing  each  other,  so  that  either  the  ascending  or  descending 
boat  nuist  wait  in  one  of  the  deep  pools  until  the  other  has  passed 
through  a  cut. 

3.  A  fresh  breeze,  acting  against  the  very  long  and  high  Mi8^i8sippi 
steamers,  endangers,  and  a  strong  wind  prohibits,  navigation  thnmgh 
the  narrow  channels. 

4.  A  large  steamer  ascending  the  rapids  through  the  comparatively 
narrow  2()0-foot  channels  draws  down  the  water  to  such  an  extent  as  to 
materially  reduce  the  depth  in  the  cuts,  so  that  a  4-foot  channel  is  not 
really  available  at  all  parts  of  the  rapids  during  a  low-water  stage  of  the 
river. 

The  most  available  plan  thnt  can  be  suggested  for  overcoming  these 
diiliculties  is,  as  shown  on  the  accompanying  map,  to  widen  the  present 
cuts,  givhig  a  new  channel  400  feet  in  width.  By  this  widening,  the 
second  and  third  difficulties  would  be  done  away  with,  the  fourth  would 
be  greatly  reduced,  and  by  so  straightening  the  channel  as  to  obtain 
long  reiiches,  lights  could  be  established  which  would  overcome  the  first 
difficulty. 

To  increase  the  width  of  the  channel  to  400  feet,  giving  a  depth  of  4J 
feet  biOow  low-water,  which  will  insure  a  grade  as  low  as  that  of  the 
present  cut,  will  require  the  removal  of  209,811  cubic  yards  of  rock,  and 
wall  cost  approximately  $1,25«S,8(>(). 

Boats  drawing  live  feet  can  pass  through  the  Des  Moines  Bapids  Canal 
during  extreme  low-water. 

If  it  is  <leenie<l  advisable  to  give  the  same  available  depth  and  a  per 
fectly  safe  channel  over  tlu*  llo(!k  Island  Rapids,  the  cuts  should  be 
made  400  feet  wide*,  and  oxcavate<l  to  a  de])th  of  at  least  6  feet  l)elow 
low-water  of  1S(M.     This  would  re(juire  the  removal  of  581,835  cubic 
yards  of  rock,  wliicli  woiihl  cost  a])])roximately  $3,491,010. 

1  have  estimated  the  (*()st  of  removing  rock  at  80  per  cubic  yard, 
wliicjh  would  l)e  siitUcicnt,  inovided  an  a]>pi'Opriation  was  large  enough 
to  justifv  th(^  building  ofcolfer dams  an<l  a  systematic  nu»thod  of  work- 
ing. 

The  ])lans  ])n'scnt  could  undoubtedly  be  so  modified  during  the  prog- 
ress of  the  work  as  to  require  cutting  on  but  oiu>  side  of  the  channel, 
where  it  is  now  su])posc(l  to  r<Miuire<*utting  on  both  sides ;  such  changes, 
when  i)racti(^ablc,  will  reducre  the  cstiniatcMl  cost. 

The  interests  of  navigation  of  course  require  that  in  time  all  the  pro- 
])osed  work  shall  be  done,  but  as  the  obstructions  at  the  Kock  Island 
liapids  are  made  up  of  a  succession  of  shoals,  the  improvement  of  each 
nuiy  be  considered  as  separate,  complete  within  itself,  and  benefiting 
navigation  Just  so  nuu'li. 

The  only  point  in  connection  with  the  proposed  widening  of  the  chan- 
nel which  has  not  yet  been  considered  is  the  effect  which  the  straight- 
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-ening  and  improving  of  present  channel  would  have  on  the  depth  of  the 
water  and  the  rapidity  of  the  current. 

No  effect  which  can  be  measured  by  the  most  delicate  instruments  we 
have  has  been  produced  by  the  work  already  done,  and  it  can  be  safely 
predicted  from  exijeriences  here  and  elsewhere  that  by  using  the  rock 
excavated  for  reducing  the  flow  of  water  at  other  points  the  required 
depth  can  be  maintained. 

Should  the  current  be  slightly  increased,  it  will  not  interfere  with 
navigation,  provided  a  sufficient  width  and  depth  of  channel  is  given. 

During  the  past  season  the  number  of  boats,  &c.,  passing  through  the 
draw  of  the  Rock  Island  bridge  was  as  follows : 

SteamboatH    2, 514 

Barges 750 

Rafts 571 

All  these  boats  and  rafts  passed  over  the  rapids,  but  it  is  perhaps  un- 
fair to  judge  of  benefits  resulting  from  an  improvement  of  this  kind  from 
these  figures,  for  the  increased  width  and  depth  of  channel,  by  facilitat- 
ing navigation  and  reducing  cost  of  water  transportation,  would  develop 
new  interests. 

Very  respectfully,  your  obedient  servant, 

A.  Maokbnzie, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Ungineers. 


S7. 

IMPROVEMENT  OF  HARBOR  AT  ROCK  ISLAND,  ILLINOIS. 

In  compliance  with  instructions  from  the  office  of  the  Chief  of  Engi- 
neers, under  date  of  September  13, 1879,  a  report  was  made  by  me  on 
November  5.  Said  report,  which  is  printed  in  House  Ex.  Doc.  'No.  32, 
Forty-sixth  Congress,  second  session,  proposes  the  removal  by  dredging 
of  the  bar  along  the  levee  and  of  a  portion  of  the  large  bar  which  ex- 
tends down  from  the  foot  of  the  island  of  Rock  Island  and  Covers  the 
steamboat  landing.  It  is  proposed  during  the  present  season  to  remove 
by  dredging  as  much  of  the  bars  above  mentioned  as  can  be  accom- 
plished with  the  funds  available. 

ABSTRACT  OF  APPKOPRIATIONS  FOR  IMPROVING  HARBOR  AT  ROCK  ISLAND,  ILLINOIS. 

By  act  approved  June  14,  1880 $6,000  00 

Money  statement, 

Amouut  appro]mat<»(l  by  act  approved  Jime  14,  1880 6, 000  00 

July  1,1880,  amount  available 6,000  00 

Amount  (estimated)  recpiired  for  completion  of  existing  project 20, 759  15 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  20,759  15 


S   8. 
IMPROVEMENT  OF  HARBOR  AT  MUSCATINE.  IOWA. 

A  report  on  an  examination  of  the  steamboat  landings  in  front  of 
Muscatine,  submitted  January  25,  1879,  estimated  the  cost  of  removing 
the  accumulated  deposit  of  mud  at  $19,250. 
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The  act  of  Congress  approved  March  3, 1879,  appropriated  $7,500  for 
conimenciug  the  work,  which  amount  was  made  immediately  available 
by  the  Secretary  of  War.  Dredging  was  begun  May  12,  and  between 
this  date  and  June  30,  1879,  $3,831  were  expended,  leaving  a  balance  of 
$3,669  available  July  1,  1879. 

Dredging  was  continued  until  July  12,  at  which  date  the  high-water 
caused  a  suspension  of  Avork,  leaving  the  harbor  in  comparatively  good 
condition. 

By  letter  of  the  Chief  of  Engineers  dated  August  12,  1879,  authority 
was  given  to  expend  the  balance  of  this  appropriation  in  the  removal 
of  an  obstruction  in  the  channel  just  above  the  city,  and  a  dredge  wa» 
sent  to  Muscatine  for  this  ])ur])08e.  A  more  detailed  examination  of 
the  obstruction  showed  that  what  had  been  reported  as  a  mass  of  bowl- 
ders was  too  solid  to  be  removed  by  the  dredge,  and  this  work  bad  to 
be  temporarily  abandoned,  tlie  small  balance  avail 'ible  being  used  in 
removing  by  dredge  a  gravel  point,  which  caused  in  part  the  deposit 
along  the  city  front. 

The  removal  of  the  mass  of  rock  above  the  city,  amounting  to  about 
10,000  cubic  yards,  will  be  necessary  in  the  future,  but  does  not  demand 
immediate  attention,  as  good  channels,  which  are  now  found  on  both 
sides  of  it,  render  it  less  of  an  obstruction  than  is  found  at  many  other 
points.  If  a  low-water  examination  of  this  harbor  shows  that  a  filling 
is  still  taking  place,  I  propose  expending  as  much  of  the  $7,500  appro- 
priated by  act  ai)i)rovecl  June  14, 1880,  as  may  be  necessary  for  continuing 
dredging,  usingany  balance remainingforthecommencemeutof  such  work 
as  ihi^y  be  necessary  for  preserviug  the  harbor  and  channel  of  the  river 
in  this  vicinity.  The  estimate  of  January  25, 1879,  which  gave  the  total 
cost  of  dredging  required  as  $19,250,  was  based  upon  a  survey  made  at 
that  time,  but  a^  changes  are  constantly  talking  place  at  this  as  well  as 
other  localities  on  the  river,  the  ticcuracy  of  this  estimate  cannot  well  be 
determined  for  some  time  to  come.  Assuming  this  estimate  to  be  cor- 
rect, tliere  remains  to  be  ai)i)ropriated,  to  complete  the  work,  $4,250,  and 
this  amount  can  be  i)rolitably  expended  either  in  dredging  in  Muscatine 
Harbor  or  in  the  improvement  of  the  river  in  the  vicinity  during  the 
fiscal  year  ending  June  30,  1882. 

SUMMARY   OK   WORK   FOR   FISCAL   YEAR   KND1N(3   JUNE   30,  1880. 

15,1()7  cubic.  ynnU  material  (Iredjrcd,  at.  '20  cents 8^},  0:21  40 

Engineering  anil  eontin^eneicH (>47  60 

Total 3,6(39  00 

ABSTRACT   oT   APPROPRIATIONS. 

By  act  a]>prove(l  Mnreli  3,  1879 f7,500 

By  act  apjjroved  June  14,  1K'!<0 7,500 

Totnl 15,000 

Monn/  atnivmcnt, 

.July  I,  1871),  amount  available ^3,6«)9  00 

Amount  appropri.'ited  bv  ait  a]»prove«l  June  14,  IKSO 7, F>00  00 

$11.169  00 

July  1,  1K**0,  amount  expended  dnriug  tiseal  year' 3,669  00 

July  1,  HH),  amount  available 7,500  00 

Amount  (estimated)  reipiired  for  e<MU])letion  of  existing  project 4,250  00 

Amount  tbat  can  be  protitably  expended  in  liscal  year  ending  Juno  30, 1882.       4, 250  00 
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S.  9. 
IMPROVEMENT  OF   RUSH  CHUTE  AND  HARBOR  AT   BURLINGTON,  IOWA. 

The  work  projected  in  January,  1879,  for  the  improvement  of  naviga- 
tion just  above  Burlington,  was  to  dredge  away  a  portion  of  the  bar  at 
the  head  of  Eush  Chute,  protect  the  banks,  and  contract  the  channel  at 
the  foot  of  the  chute.  None  of  this  work  was  done  during  the  fiscal 
year,  as  the  amount  of  money  available  was  not  sufficient  to  justify  a 
commencement,  and  it  was  deemed  advisable  to  wait  for  and  observe  cer- 
tain changes  going  on  at  the  foot  of  the  chute. 

The  channel  through  Hush  Chute  and  just  above  Burlington  is  trouble- 
some, and  though  it  did  not  give  as  much  annoyance  last  season  as  many 
other  points,  it  continues  threatening  to  be  very  bad.  As  the  proposed 
work  did  not  immediately  follow  the  presentation  i>f  the  project,  many 
changes  may  be  found  necessary  when  the  work  is  carried  out.  What 
these  changes  will  be  cannot  be  definitely  stated  until  a  new  low- water 
examination  is  made,  but,  as  the  changes  will  certainly  not  reduce  the 
cost  of  the  work,  the  original  estimate  is  still  adhered  to. 

With  the  money  available  and  the  amount  asked  for  for  fiscal  year 
ending  June  30,  1882,  it  is  proposed  to  remove  the  bar  at  head  of  Bush 
Ohute,  protect  the  banks,  and  build  such  spur  dams  at  the  foot  of  the 
chute  as  will  prevent  a  shifting  of  the  channel. 

ABSTRACT  OF  APPROPRIATIONS. 


• 


By  act  approved  August  14,  1876 $10,000 

By  act  approved  June  18,  1878 : 10,000 

By  act  approved  March  3,  1879 5,000 

By  act  approved  June  14,  1880 5,000 

Total 30,000 

Money  statement, 

July  1,  1879,  amount  available $7, 670  92 

Amount  appropriated  by  act  approved  June  14,  1880 5, 000  00 

$12, 670  92 

July  1,  1880,  amount  expended  during  fiscal  year 19  21 

July  1,  1880,  amount  available 12,65171 

Amount  (estimated)  required  for  completion  of  existing  project 39,656  87 

Amount  that  can  be  ])rofitably  expended  in  fiscal  year  ending  June  30, 1882.  39, 656  87 


S.  10 

IMPROVEMENT  OF  HARBOR  AT  FORT  MADISON,  IOWA. 

The  original  project  for  this  work  was  presented  December  6, 1876. 
(Beport  of  Chief  of  Engineers,  1876,  part  I,  page  688.)  It  consisted  in 
closing  Niota  Chute  for  the  purpose  of  throwing  more  water  into  the  main 
channel  and  removing  the  bars  which  obstruct^  thei landing  at  Fort  Mad- 
ifion  and  assisting  through  navigation  of  the  river.  The  construction  of 
a  closing  dam  was  commenced  in  1877,  and  completed  in  1878.  The 
effect  of  this  dam  was  to  somewhat  improve  the  channel  in  front  of  the 
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city  wharf.  The  work  proposed  at  the  beginning  of  the  last  fiscal  year 
was  to  build  a  spur  dam  from  the  head  of  Niota  Island  to  contract  the 
channel  and  direct  the  current  along  the  Fort  Madison  landing.  On 
September  9, 1879,  a  modified  project  for  the  expenditure  of  the  Imlance 
on  hand  was  submitted  and  ai)proved  September  13, 1879.  This  latter 
project  proposed  postponing  the  construction  of  a  dam  fh)ih  head  of 
Niota  Ishmd,  as  such  dam  might  endanger  the  raft  channel,  and  recom- 
mended the  raising  of  Xiota  Chute  Dam,*  the  protection  of  Island  391, 
the  connecting  of  this  island  with  main  shore  by  a  causeway,  and  such 
dredging  as  miglit  be  necessary  for  the  relief  of  Fort  Madison  Harbor 
and  the  Ferry  Landing  on  the  Illinois  shore.  Tliis  wx>rk  was  all  carried 
out  during  the  irdst  fiscal  year. 

Fort  Madison  is  badly  located  for  river  commerce,  and  it  is  difficult  to 
preserve  a  channel  along  its  front,  but  the  works  already  constructed  are 
having  a  beneficial  eftect,  and  the  narrow  but  deep  channel  between  the 
bar  and  wharf  s(»ems  to  be  improving. 

Before  the  improvement  of  the  river  in  this  vicinity  can  be  considered  as 
completed,  sj^ur  dams  must  be  built  out  from  islands  391  and  392,  Niota, 
and  the  channel  between  392  and  393  must  be  closed,  and  for  the  accom- 
plishment of  the  above  work  $8,580.87,  the  balance  of  the  original  esti- 
mate, is  respectfully  asked  for. 

SI^MMARY  OF  WORK   FOR  FIWCAL  YEAR  ENDING  JUNE  30,    1880. 

Niota  Chute  Dam. 
2,083.7  cubic  yawls  rock,  at  ^1.30 |2  708  81 

Xaher^s  Island  Dike, 

1,517  cubic  yards  rock,  at  $1.30 1,972  !(► 

604.9  cubic  yards  brush,  at  75  cents 453  87 

Naher's  Island  Shore  Protection, 

"iin^,!  cubic  yards  rock,  at  ljl.30 358  41 

114  cubic  yards  brush,  at  7r>  cents 85  50 

Dredging  at  Ferry  Landing, 

310  cubic  yards  sand,  at  16  cents 49  60 

Superiuteudonce  and  oilice  ex]>enses 1,250  45 

Total 6,878  54 

ABSTRACT  OF   APPROPRIATIONS. 

By  act  approved  August  14,  lS7Vi IIO^OOO 

By  act  approved  .June  IH,  IH?-* 8,000 

By  act  approved  March  3,  1870 3, 600 

Total    21.600 

Money  utatemeni, 

July  1,  1H71),  amount  available (6,878  54 

July  1,  1«80,  amount  «»x]M*nded  durin;^  tisral  yrar 6,878  54 

Amount  («».stimat4*«l)  n'(|uircd  tor  completion  of  rxistin^  project 8,586  87 

Aimnint  that  can  be  profitably  expended  in  lisral  year  ending  June  30, 1882..     8, 588  87 

*The  Nlota  C'lmte  Dam  was  built  to  a  height  of  2  feet  above  low-water.  An  exami- 
nation made  in  March  l'^"^)  .showed  that  the  dam  had  settled  but  slightly. 
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Abstract  of  proposals  received  and  opened  August  27, 1879,  for  building  dams  and  shore  pro- 
teciions  of  brush  and  stone  in  the  Mississippi  Biver,  near  Fort  Madisonj  Iowa, 


m 

£         Names  and  reRidences  of  bidders. 

^! 

H.  S.  Brown,  Hamilton,  111 

2  Ednxmd  H.  Rand,  Pontoosuo,  111. .. 

3  Whitney  and  Son,  Keokuk,  Iowa    . 


2,000  cubic  yards 
stone. 


1,500  cubic  yards 
brush. 


Aggregate. 


^•"Ja^rS!""  ^  A^-t.    !•« -We  |  ^„.„„j. 


$1  30  $2,  600  00 
1  28  2,  560  00 
1  30  2,  600  00 


$0  90  $1,  3.50  00 

1  23  !  1,845  00 

75  1, 125  00 


$3,950  00 
4, 405  00 
3,  725  00 


S  II. 

IMPROVEMENT  OF  THE  MISSISSIPPI  RIVER  AT  AND  ABOVE  THE  CITY  OF 

ALEXANDRIA,  MISSOURI. 

A  report  on  this  subject  with  accompanying  project  was  made  by  Maj. 
F.  U.  Farquhar,  Corps  of  Engineers,  January  7,  1879. 

The  project  proposes  tlie  construction  of  three  spurs  from  the  right 
bank  and  one  from  the  left  bank,  with  a  view  to  contracting  the  natural 
water-way.  It  is  proposed  to  expend  during  this  season  the  amount 
now  available  in  commencing  work  under  the  project  indicated. 

ABSTRACT  OF   APPROPRIATION. 

By  act  approved  June  14,  1880 $10,000  00 

Money  statement 

Amonnt  appropriated  by  act  approved  June  14, 1880 $10, 000  00 

July  1,  1880,  amount  available 10,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 20, 94«5  75 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  20, 945  75 


S    12. 


IMPROVEMENT  OF  NAVIGATION  OF  THE  MISSISSIPPI  RIVER  AT  QUINCY, 

ILLINOIS. 

The  act  of  Congress  approved  June  18, 1878,  provided  for  a  survey 
or  examination  of  the  harbor  of  Quincy. 

A  rex>ort  on  the  survey  with  estimates  of  cost  of  improvements  was 
submitted  by  Maj.  F.  U.  Farquhar,  Corps  of  Engineers,  under  date  of 
January  13, 1879. 

An  appropriation  of  $20,000  for  improving  navigation  of  Mississippi 
Biver  at  Quincy,  III.,  was  made  by  act  of  Congress  approved  March  3, 
1879,  and  a  project  for  the  expenditure  of  tiiis  money  was  submitted 
April  8,  1870.  This  project  was  the  same  as  in  that  portion  of  the  report 
of  January  13,  1879,  which  referred  to  improvements  in  the  Mississippi 
River  proper,  and  consisted  in  the  construction  of  certain  wing  and 
dosing  dams  for  the  removal  of  Quincy  Bar. 

Proposals  for  this  work  were  asked  for  by  advertisement  in  several 
pax>er8,  and  coming  in  this  way  to  the  knowledge  of  the  citizens  of 
Quincy,  the  mayor  of  that  city  addressed  a  letter  to  the  Secretary  of 
War  requesting  that  if  possible  a  portion  of  the  appropriation  might  be 
expended  for  the  improvement  of  Quincy  Bay.    This  letter  was  referred 
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to  nie,  and  I  submitted  a  report  dated  August  16,  1879,  which  sag- 
gested  that  if  it  was  deemed  expedient  and  admissible  the  sum  of  $10,(NN) 
could  be  exi)ended  in  dred«j:ingia  Qnincy  Bay,  as  tbe  remaining  $10,000 
expended  on  tbe  river  would  a  Jord  as  much  relief  as  was  being  given 
at  other  troublesome  points.  In  reply  to  this  report  1  received  the 
following : 

Office  of  thk  Chikf  of  Enginkkrs, 

WaHhiugion,  /).  C,  August  ^'•Ij  1879. 

Sir:  The  following  wa8  tel(?gr»  jj  ed  you  to-da.v,  ainl  is  hereby  confirmed: 
**  Secretary  of  War  deciden  that  >iij>plication  of  .filO,000  of  appropriation  for  Mimis- 
aippi  River  at  Quincy  is  applical/d  to  dredging  the  bay,  and  you  are  authorized  ac- 
cordingly." 
By  coniniand  of  Brigadier-Gen-  ral  Wright. 
Very  respectfully',  your  obedient  servant, 

Geo.  H.  Elijot, 
^  Major  of  £ngineen. 

Capt.  A.  Mackenzie, 

Coi'ps  of  Enginetrs. 

Tbe  work  of  constructing  dams  was  commenced  October  15  under  con- 
tract witb  Wbitney  and  son  December  11.  Two  spur  dams  were  bnilt 
out  from  the  right  bank  of  the  liver :  the  first  (jSIo.  1,  sheet  68)  starts 
about  2,G00  feet  below  the  railroad  bridge  and  is  some  1,500  feet  in 
length ;  the  second  (No.  2,  sheet  68)  runs  out  from  head  of  Island  427  and 
is  completed  for  a  length  of  300  feet,  leaving  some  600  feet  yet  to  be 
built. 

The  dredging  in  Quincy  Bay  waa  begun  under  a  contract  with  Whit- 
ney &  Son,  October  13,  1879,  continued  until  December  11,  resumed 
February  17,  1880,  and  closed  May  11,  in  consequence  of  appropriation 
being  expended.  (Jhannels  4  feet  deep  at  low-water  wei-o  dre<lged 
through  the  bars  both  below  and  above  the  railroad  bridge,  the  former 
being  200  feet  and  the  hitter  100  feet  in  width. 

A  survey  in  the  vicinity  of  Quincy  made  in  November,  1878,  showed 
a  very  narrow  4-foot  channel  across  the  bar.  In  the  fall  of  1879  this 
crossing  Vjccanie  shoaler  and  moie  troublesome  than  for  several  years 
previous.  A  survey  madc^  in  May,  1880,  since  the  constmction  of  the 
dams,  indicates  most  benelicial  results,  and  shows  a  wide  and  deep  chan- 
nel acjross  tbe  bar.  The  latter  survey  was  made  at  the  comparatively 
hi^li  stage  of  8  feet  above  low  water  and  its  results  are  tlierefoi*e  not 
given  in  (h^tnil.  A  thorough  low-water  examination  will  be  made  in  the 
fall,  when  tlu  results  etin  he  njore  aeeuiat(»ly  determined  and  repoi-ted. 
I  think  that  but  litlh*  more  work  will  be  recjuired  to  render  the  channel 
in  the  immediate  vicinity  of  Qniney  i>ennanently  good,  but  Just  l>elow 
the  eity  the  bank  is  caving  lor  a  long  distancje,  and  its  protection  in 
the  near  future  may  become  neeessjiry.  This  work  would  proi^iily  some 
undl'r  this  iippro])ri2ition,  although  it  was  not  considered  in  the  original 
report  an<   estimate  of  January  13,  1870. 

The  p)  si'^rX  submitted  January  13,  1879,  has  not  yet  been  approved 
or  orde'  I  to  be  carried  out,  but  as  the  ai)i)roi)riations  made  by  Con- 
gress i»  based  upon  this  report,  and  a  decision  has  been  rendered  by 
the  Sr  tary  oC  War  that  the  money  api)ropriated  under  the  title  of 
"hn  'iug  navigation  of  Mississipjn  Kiver  at  Quincy,  111.,"  can  be 
pr'  exjM'niled  in  the  bay,  I  assume  that  1  am  restricjted  in  my 

r*  Midations  to  this  i)n)ject,  and  would  therefore  i^JspectfuUy  re- 

id  that  of  the  82r),'000  ai>i)ropriated  by  act  approved  June  14, 
•iie  sum  of  810,0(M)  be  expended  in  continuing  dredging  in  Quincy 
iUd  that  the  balance  be  reserved  until  a  thorough  low-water  ex- 
tion  shows  the  condition  of  the  bank  below  the  city  and  what  work 
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may  still  be  required  in  the  river  for  securing  the  permanency  of  the 
channel.  In  this  case  as  in  many  others  it  is  impossible  to  make  other 
than  an  approximate  project  and  estimate  for  improvements  to  be  made 
in  the  future  or  after  a  year  or  more  has  ela])8ed,  inasmuch  as  the  fre- 
quent changes  which  take  place  in  the  river  channel^  may  necessitate 
a  radical  change  of  plan,  and  perhaps  an  increase  of  cost  of  the  work. 
If  the  project  for  improving  Quincy  Bay  is  to  be  carried  out,  the  sum  oi 
$50,000  can  be  profitably  expended  on  this  work  during  the  fiscal  year 
ending  June  30,  1882. 

Summary  of  work  for  fiscal  year  ending  June  30,  1880. 


Description. 


Bam  No.  1  (sheet  68),  1,500  linear  feet 
Dam  No.  2  (sheet  68),  300  linear  feet 
Dredging  in  Quincy  Bay 


I 


Totals !    7,811.1 

Xngineering  and  contingencies 

Total  amount  expended 


9,47L76 
1,298.51 
7.58L9r 

18^802.24 
1,445.04 

19,747.28 


ABSTRACT  OF  APPROPRIATIONS. 

By  act  approved  March  3,  1879 $20,000 

By  act  approved  June  14,  1880 25,000 

Total 46,000 

Money  statement 

July  1, 1879,  amount  available $20,000  00 

Amount  approi>riated  by  act  approved  June  14,  1880 25, 000  00 

Julv  1,  1880,  .amount  expended  during  fiscal  year 19, 622  28 

July  1,  1880,  outstanding  liabilities 125  00 


$45,000  00 


19,747  28 


July  1,  1880,  amount  available 25,252  72 


Amount  (estimated)  reriuired  for  completion  of  existing  project 179, 109  87 

Amount  that  can  be  ]>rotitably  expended  in  fiscal  year  ending  June  30, 1882.     50, 000  00 


Abetract  of  proponala  recehrd  and  opened  this  '27th  day  of  August,  1879,  hy  Capt.  A,  Mao- 
kemiey  Corps  of  Engineers^  U,  S.  A.j  for  building  dams  and  shore  protections  of  brush 
and  stone,  near  Quincy,  III. 


I 

1 
2 
8 

4 
5 
« 


Names  and  rcsideneeH  of  bidders. 


H.  S.  Brown,  Hamilton,  111  

Frnin  &.  Co.,  Saint  Louis,  Mo 

Whitney  &.  Son,  Keokuk,  Iowa 

W.  B.  Larkworthy,  Quincy,  111 

Samuel  S.  Sample,  Keokuk,  Iowa 

Fred.  W.   Menke  and  J.  H.  Bitler, 
Qninoy,  111. 


9,000  cubic  yards 
stone. 


I 


8,000  cubic  yards 
brush. 


Per  cubic  1  a *  i  Per  cubic 


yard. 


Amount. 


yard. 


$1  30 
1  60 
1  15 

lis 

1  09 
1  19 


$11,700 

$0  90 

14,400 

80 

10,350 

64 

10,620  1 

64 

9,810 

82 

10,710 

69 

Amount. 


$7,200 
6,400 
5,120 
5,120 
6,560 
5,520 


Aggregate. 


$18,900 
20,800 
15, 470 
15,740 
16,370 
16,230 
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S  13. 
IMPROVEMENT  OF  THE  MISSISSIPPI  RIVIJR  AT  HANNIBAL,  MISSOITSI. 

UDder  instructions  from  the  office  of  the  Chief  of  Engineers,  a  report 
was  made  JamiarJ*  17, 1880,  chiefly  from  data  in  this  office,  upon  ob- 
stnictions  in  the  Mississippi  Eiver  in  the  vicinity'  of  Hannibal,  Mo. 
This  report,  whicli  was  intended  simply  as  a  preliminary  one,  not  having 
been  preceded  by  an  adequate  survey,  contiiins  a  project  for  the  im- 
provement of  the  river  at  Hannibal. 

Said  i)r()j(M't  proposes :  1.  Tlie  removal  of  a  large  gravel  bar  lying 
along  the  front  of  the  city.  2.  The  confining  of  the  main  channel  and 
principal  current  to  the  ^lissouri  shore,  to  be  effected  by  win^-dams 
thrown  out  from  the  Illinois  shore ;  the  closing  of  Glasscox  Island  Clmte, 
and  protection  of  a  portion  of  the  west  side  of  that  island. 

It  is  proi)Osed  to  defer  the  exi)enditure  of  the  amount  now  available 
until  a  thorough  low-water  survey  shall  enable  us  to  make  more  definite 
plans  and  estimates. 

ABSTRACT  OF   APPROPRIATIONS. 

For  iinproviug  MitMissip))!  River  at  Haimibnl,  Mo.,  bv  art  api>rovcd  June  14, 

iy«o 9^,000 


J 


Motley  statement. 


Amount  a))])ropriat(Hl  by  act  approved  June  14,  ISBO $25, 000  00 

Jnly  1,  IHSO,  amount  available 25,000  00 

Amount  (intimated)  remiired  for  com]>lotion  of  existing;  project 35,000  00 

Amount  that  can  bo  prontably  expended  in  fiscal  year  ending  June  30, 1882.  35, 000  00 


special  rbport. 

United  States  Enginbeb  Office, 

Rock  Island^  IlL,  January  17,  1880. 

General  :  As  instructed,  as  per  indorsement  fh)m  office  of  the  Chief 
of  Engineers,  dated  January  13,  1880,  on  letter  written  by  the  Hou.  W. 
H.  Hatch  to  the  honorable  the  Secretary  of  War,  1  have  the  honor  to  re- 
port as  follows : 

During  November,  1879,  by  direction  of  the  Chief  of  Engineers,  a 
dred/;(e  was  sent  to  Hannibal  and  a  little  work  for  the  tem])orary  reliefs 
of  the  steamboat  landing  done. 

While  this  work  was  going  on  some  soundings  were  taken  in  the  vi- 
cinity, and  the  results  are  shown  on  tlie  accompanying  tracing. 

A  large  gravel  bar,  about  one-half  mile  in  length,  lies  along  the  Mis- 
souri shore  above*  the  IJannibal  landing,  and  causes  a  continual  deixisit 
in  front  of  the  city  wharf.     This  bar  should  be  removed. 

To  conllne  the  current  to  tlu^  ^lissouri  shore  and  hold  the  sand-bars 
opposite  Hannibal,  dams  should  be  thrown  out  from  the  Illinois  ahore. 

The  shoaling  <'aus(Ml  by  these  dams  will  probably  destroy  the  present 
ferry  landing,  and  thereibre  one  of  the  <lams  should  be  built  in  the  form 
of  a  causeway,  furnishing  a  new  landing  in  dee])  water. 

The  lirst  work  to  be  done  would  be  the  removal  of  the  gravel  bar,  the 
construction  of  causc^way  or  dam  Xo.  2,  the  ccmstruction  of  a  low  dam 
from  the  Illinois  shore  to  (Jlasscox  Island,  and  1,00()  feet  of  shore  pro- 
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tection  on  the  west  side  of  the  island,  as  shown  on  the  accompanying 
tracing. 

Should  these  dams  fail  to  confine  the  channel  to  the  Missouri  shore, 
dams  Nos.  1  and  3  could  be  subsequently  built. 

The  material  removed  from  the  bar  can  be  used  in  the  construction  of 
dams. 

E8TIMA.TES> 

For  removal  of  bar,  60,000  cubic  yards  of  gravel  and  clay,  at  50  cents  per 

cubic  yard $30, 000 

For  dam  No.  2,  about  1,000  feet  long  and  12  feet  high,  containing  10,000  cubic 

yards,  at  |1.*25  ]>er  cubic  yard 12, 500 

For  cloHJng  dam  No.  4,  behind  Glasscox  Island,  containing  (),000  cubic  yards, 

at  $1.25  per  cubic  yard 7, 500 

For  1,000  feet  shore  protection,  at  $2.50 2, 500 

Total 40,000 

This  work  could  be  done  in  one  season  if  commenced  at  an  early  date. 

Should  the  above  work  i)rove  insufficient  and  dams  Nos.  1  and  3  bo 

subsequently  found  necessary,  they  would  cost  approximately  as  follows : 

Dam  No.  1 $5,000 

Dam  No.  3 15,000 

Total 20,00a 

The  price  estimated  for  dredging  is  very  large  and  undoubtedly  it  can 
be  done  for  much  less,  but  the  uncertainty  as  to  hardness  and  the  small 
number  of  dredges  at  present  available  for  such  work  render  it  unsafe 
to  reduce  the  estimate. 

Very  respectfully,  your  obedient  servant. 

A.  Mackenzie, 


The  Chief  of  Enchneebs,  U.  S.  A. 


Captain  of  Engineers. 


S  14. 

PROTECTING  PIERS   AT   ROCK   ISLAND  BRIDGE   BY  MEANS   OF  8HEEE- 

BOOMS. 

The  sheer-boom  built  and  placed  in  position  in  May,  1878,  for  the  pro- 
tection and  guidance  of  rafts  passing  the  Bock  Island  Bridge  was  of  but 
little  service  during  the  low- water  season  of  1879.  At  low- water  stages^ 
owing  to  the  narrow  channels  in  the  upper  river  and  on  the  rapids,  rafts 
are  made  of  smaller  size  than  at  high  stages,  seldom  exceeding  8  or  9 
Strings  in  width,  which,  with  the  tow-boat  attached,  readily  pass  through 
the  outer  draw  opening,  there  being  no  necessity  for  using  either  raft- 
span  or  sheer-boom.  At  the  close  of  season  of  1879  the  booms  were 
towed  into  winter  quarters  in  Sylvan  Water. 

On  account  of  the  small  balance  of  appropriation  remaining,  the 
booms  were  not  put  in  position  at  the  opening  of  navigation  of  1880. 

On  March  26,  1880,  they  were  turned  over  to  Maj.  D.  W.  Flagler^ 
Ordnance  Department,  commanding  Rock  Island  Arsenal. 

The  absence  of  the  main  booni  during  the  high-water  of  this  spring 
developed  its  usefulness  at  such  i)eric^s,  as  a  number  of  rafts  were 
dashed  to  pieces  on  the  bridge  piers,  which  might  have  been  avoided 
had  the  boom  been  in  position.    In  the  early  part  of  May  the  sheer- 
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boom  wa«,  at  my  request,  kindly  put  in  place  by  Major  Fla^ler^  and  has 
since  that  time  been  care^l  for  by  him.  As  the  appropriation  made  by 
act  approved  June  14, 1880,  of  $1,000,  and  calling  for  an  eqaal  sam  fiom 
the  Chicago,  Kock  Island  and  Pacific  Kailroad  Company,  provides  for 
the  care  of  the  sheer-booms,  1  would  respectfully  suggest  that  they  be 
again  placed  in  charge  of  the  Engineer  Department. 

ABSTRACT  OF  APPROPRIATIONS. 

By  act  a])proved  August  14,  1876  $15, 000 

By  act  approved  June  14,  lfc<dO • 1,000 

Total 16,000 

Money  statement. 

July  1,  1879,  amount  available , f723  74 

Amount  appropriated  by  act  approved  June  14, 1880 1, 000  00 

$1,723  74 

July  1,  1880,  amount  expended  during  fiscal  year 407  75 


July  1,  1880,  amount  available 1,315 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     1, 000  00 


S  15. 

IMPR0VP:MENT  of  galena  river  and  harbor,  ILLINOIS. 

A  report  on  a  survey  of  Galena  Eiver^  submitted  by  Maj.  P.  U. 
Farquhar,  Corps  of  EugineerH,  December  29,  1873  (Report  Chief  of 
Engineers  1874,  Part  1,  page  289),  suggests  a  plan  of  improvement,  the 
cost  of  whicli  is  estimated  at  $400,000.  Dredging  was  commenced 
September  10,  1878,  in  accordance  with  the  proposed  plan,  and  has  been 
continued  during  the  past  fiscal  year  under  two  contracts:  1.  An  exten- 
sion granted  II.  S.  Brown  &  Co.,  who  completed  their  work  AuguHt  7, 
1879;  and,  2.  A  contract  with  Whitney  &  Son,  who  commenced  work 
April  11,1880. 

For  the  ])ur])ose  of  furnishing  relief  to  the  commerce  of  this  river  as 
soon  as  possible,  a  narrow  cut  atfording  4J  feet  at  low-water  is  first  being 
made  over  the  entire  length.  At  present  date  this  cut,  which  commenced 
at  tlie  mouth,  is  within  7,900  feet  of  Galena,  and  it  c^n  be  <M)inpleted 
with  tlie  money  now  available.  As  new  a])propriations  permit  a  con- 
tinuation of  the  work,  this  cut  will  be  widened. 

An  excellent  survey  of  the  river  from  (4alena  to  its  junction  with  the 
Mississipi)i  was  made  by  InsjK'ctor  J.  0.  McElherne,  in  August,  1879. 

Kesults  accomi)lished  to  June  30,  1S80:  A  channel  5^  miles  long,  35 
to  100  feet  wide,  and  affording  a  least  dei)th  of  4  feet  at  low-water,  has 
been  cut  from  the  mouth  of  the  river  to  a  point  IJ  miles  from  the  city  of 
Galena.    Total  excavation,  174,090  cubic  yards  mud  and  sand. 

SUMMAJIY    FOR  FISCAL  YEAK  KNI>ING  JUNK  30,  1880. 

72,1)02.40  nibic  yards  mat«Tial  excavated $13, 067  17 

Supmntfiideiice,  ottioe  expenses,  &e 1,270  06 

Total  expended 14,336  U 

The  $12,000  appropriated  for  fiscal  year  ending  June  30, 1881,  will  be 
expended  in  continuing  dredging. 


COUMERCIAL  8TATIST1CB. 

Staipmenta  for  one  month  of  1879: 

Hogprodaet poonde..  2,278,000 

Lead do....  460,000 

Grain bunhelB..  370,000 

Hides ponnda..  45,000 

Zinc  ore do 74,400 

Lumber    feet..  518, 14& 

General  tuerabaudiHe pounds..  230,000 

ABBTRAer  OK   APPROPRIATIONS. 

By  act  approved  June  18,  1878 (30,000 

By  act  approved  March  3,  1879 12,000 

By  act  approved  June  U,  1880 12,000 

54,000 

Jfonej/  gtatemmU. 

117,981  07 

el4,  1880 12,000  00 

$29,981  07 

Jnly  1,  1680,  amount  expended  during  fiscal  year 13,351  S3 

July  1 .  1880,  oulstaudin);  liabilities 986  89 

14,338  12 

Jnly  1,  1880,  amount  available 15,642  95 


M  Mid  reatdencea  of    "35'°  a  :  'aB'^'a  '  ■a-9'='=  ,  ■&3'"  =     Tt9'°o      "5.2  -  "  '   AgBte- 


Whitney  &  Sou,  Keokuk, 


IMPROVEMENT  OF  CUIVRE  RIVER. 

The  act  of  Congreae  approved  March  3,  1879,  provided  for  a  survey 
or  examination  and  estimates  of  cost  of  improvement  of  Cuivre  River, 
Hissouri. 

This  survey  was  assigned  to  me,  aud  $600  allotted  for  the  work.  The 
snrvey  was  made  in  the  fall  of  1H79,  and  a  report  submitted  January 
10, 1880,  which  is  printed  in  Senate  Ex.  Doc.  No.  36,  Forty-sixth  Con- 
gress, second  session. 

The  project  contained  in  the  above  report  proposed: 

1  The  excavation,  by  dredging,  of  a  channel  80  feet  wide  through  the 
fbtir  eh<KiU  in  the  Cuivre  River. 
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2.  Tlie  excavatioD,  by  dredging,  of  a  chanuel  100  feet  wide  through 
the  three  sand-bars  in  the  upper  part  of  Cuivre  Sloagh. 

3.  The  construction  of  a  dam  with  its  crest  6  feet  above  low-water 
across  the  lower  part  of  Cuivre  Slough,  for  the  purpose  of  backing  up, 
and  thereby  increasing  the  depth  in  the  upper  part  of  the  sloagh. 

4.  The  removal  of  snags,  wrecks,  and  overhanging  timber. 

The  above  project  was  made  with  reference  to  a  2  feet  mihimam 
depth  on  the  bars  at  extreme  low- water. 

It  is  prox>osed  to  apply  the  amount  now  available,  or  as  much  of  it  as 
may  be  necessary,  to  the  removal  of  snags,  wrecks,  and  overhanging 
timber  during  the  present  season. 

ABSTRACT  OF   APPROPRIATION. 

By  act  approved  June  14,  1880 1:2,000 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  IfiSO fi,  000  00 

July  1, 1H80,  amount  available 2,000  00 

Amount  (estimated)  reipiired  for  completion  of  existiug  project 28, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.  28, 000  00 


examination  and  survey  of  cuivee  biyeb,  missouri. 

United  States  Engineer  Office, 

Kock  Islandy  IlL^  December  29,  1879. 

General  :  I  have  the  honor  to  Biibmit  herewith  map  of  Cuivre  River, 
Missouri,  together  with  a  report  upon  the  8ur\'ey  and  examination  of 
this  stream,  made  in  iiccordance  with  your  iustructions  dated  July  25, 
1879. 

A  preliminary  examination  of  the  river  showed  that  a  point  known 
as  *' Chain  of  llocks,"  14A  miles  from  the  mouth  of  Cuivre  River,  might 
be  properly  considered  as  the  head  of  navigation. 

From  tliis  point  to  the  mouth  a  good  depth  of  water  was  found  in  the 
stream,  (excepting  at  four  jMHiits,  where  gravel  Dars  formetl  obstructions 
to  navigation  cluring  ordinary  stages. 

Cuts  through  those  gravel  bars  HO  feet  wide,  and  averaging  2  feet 
deep,  and  the  removal  of  snags  will  n»nder  the  river  navigable  for  boats 
drawing  4  feet  at  ordinary  stages  of  low- water. 

From  the  character  of  the  stream,  its  banks  and  bed,  and  the  absence 
of  all  current  excei)t  in  times  of  fn^shets,  it  (;an  be  assumed  that  tlie  im- 
provement of  the  river  proper  would  he  reasonably  permanent. 

Tin?  river  empties  into  ( -uivre  Slough,  which  connects  it  with  the  main 
channel  of  tiie  Mississip])i  Kiver. 

This  slough  being  lilled  with  moving  sand,  and  fresh  supplies  of  sand 
above  being  ready  to  move  in  during  high  water,  its  imi)rovement  pre- 
sents diHicultics,  and  permanency  cannot  be  insured. 

The  plan  of  improvement  pro[M)sed  is  by  a  dam  at  the  lower  end  of 
the  sh)ugh,  to  raise  the  water  at  the  mouth  of  the  river  about  1  foot,  and 
by  doing  away  witii  current  through  slough  at  onlinary  stages  of  the 
river,  to  enable  a  dredge  to  cut  a  channel  through  the  thin  bars  in  up- 
per branch  of  slough,  which  channel  will  probably  be  permanent  until 
the  next  high-water  following  the  imi)rovement. 

To  insure  a  permanent  channel  a  little  dredging  must  be  provided  for 
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yearly.     The  approximate  cost  of  the  improvement  of  the  river  and 
slough  so  as  to  give  4  feet  of  water  at  a  2-foot  stage  is  $30,000. 

A  very  rich  country  is  tributary  to  the  river,  and  undoubtedly  much 
good  would  result  from  its  improvement ;  but,  as  no  reliable  statistics 
could  be  obtained,  it  is  impossible  to  give  more  than  an  approximate 
comparison  of  results,  with  the  cost. 

The  detailed  report  of  Assistant  Engineer  C.  W.  Durham  is  appended. 
Very  respectfully,  your  obedient  servant, 

A.  Mackenzie, 


The  Chief  of  Engineers,  U.  S.  A. 


Captain  of  Engineers. 


report  of  mr.  c.  w.  durham,  assistant  engineer. 

United  States  Engineer  Office, 

Rock  Island,  III.,  December  24,  1879. 

Captain  :  I  have  the  honor  to  present  the  following  report  and  accompanying  map 
of  a  survey  of  the  Caivre  River,  Missouri,  made,  under  your  direction,  by  Assistant  J, 
H.  Morrison,  November,  1879.  The  report  includes  a  plan  and  estimate  for  the  im- 
provement of  the  river  from  Chain  of  Rocks  to  its  mouth,  a  distance  of  14^  miles,  and 
also  for  the  improvement  of  the  slough  into  which  it  debouches,  in  order  to  make  a 
navigable  outlet  to  the  main  channel  of  the  Mississippi  River.  1  have  made  use  of 
much  information  contained  in  the  excellent  report  of  Mr.  A.  H.  Blaisdell,  assistant 
engineer,  on  a  survey  of  this  river  made  by  him  under  direction  of  Lieut.  Col.  W.  F. 
Reynolds,  Coq)S  of  Engineers,  August,  1871,  which  report  may  b*^  found  in  the  Report 
of  the  Chief  of  Engineers  for  1872,  page  391. 

DESCRIPTION. 

The  Cuivre  River  is  formed  by  the  junction  of  the  North  and  West  Forks,  the  for- 
mer rising  in  Ralls  and  the  latter  in  Audrain  County.  Both  forks  are  augmented 
by  numerous  small  streams,  which  scarcely  deserve  the  name  of  creeks  in  the 
dry  season,  but  in  times  of  continued  rain,  flowing  as  they  do  from  the  high  blnfGs, 
they  become  turbulent  in  their  character,  and  bring  considerable  sediment  into  the 
stream  to  which  they  are  tributary.  The  general  trend  of  the  river  is  easterly,  through 
Lincoln  and  Saint  Charles  Counties,  pursuing,  however,  a  very  tortuous  and  winding 
course,  with  many  sharp  bends  and  elbows.  The  total  drainage  area  is  about  l,6w 
square  miles. 

MOSCOW   MILLS  TO  CHAIN   OF   ROCKS. 

The  upper  portion  of  the  river  from  Moscow  Mills  to  Chain  of  Rocks  is  full  of  shoals  and 
narrow  passages  or  island  chutes,  with  insufficient  water  at  low  stages  to  float  a  skiff. 
Great  numbers  of  snags  and  drift  piles  also  add  to  the  difficulties  of  navigation,  in 
view  of  which  facts  it  was  considered  inadvisable  to  make  plans  and  estimates  for  the 
improvement  of  this  part  of  the  river,  as  the  business  is  not  commensurate  with  the 
onormous  cost  which  would  result  if  any  effectual  improvement  were  attempte<l. 

CHAIN    OF    ROCKS   TO    MOUTH    OK    RIVKK. 

The  lower  portion  of  the  rivcjr  from  Chain  of  Rocks  to  its  mouth  is  included  within 
the  scoiHi  of  this  Hurvey,  and  for  the  improvemeut  of  this  ])ortion  plans  and  estimates 
are  submitted.  It  n^senibles  in  character  the  bayous  of  the  Lower  Mississippi  and 
other  Southern  rivers,  there  being  no  perceptible  current  except  in  times  of  freshets, 
its  rise  and  fall  corresi)onding  with  the  fluctuations  of  water-surface  in  the  larger 
river.     It  varies  in  width  from  300  feet  at  mouth  to  150  feet  at  Chain  of  Rocks. 

A  little  below  Chain  of  Rocks  there  is  an  excellent  landing  with  ample  depth  of 
water.  Passing  down  the  river,  we  And  a  good  channel  of  from  4  to  9  feet  at  extreme 
low-water  for  al)<)Ut  1,000  feet,  when  Seed  Tick  Island  Bar  is  reached. 

Seed  Tick  Island  Bar. — A  reach  of  shallow  water  about  2,000  feet  in  length.  A  portion 
of  this  bar  is  dry  at  low- water,  and  the  average  depth  is  only  a  few  inches.  It  forms 
the  worst  obstruction  in  that  part  of  the  river  under  consideration.  From  here  to 
flood's  Bar,  about  half  mile  below  Monroe,  a  distance  of  some  four  and  a  half  miles,' 
we  find  from  4^  to  IH  feet  of  water. 

FlootPs  Bar. — About  850  feet  in  length,  with  an  average  depth  at  low- water  of  about 
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1  foot.  From  here  to  Shelton  Bar,  a  distance  of  nearly  two  miles,  we  have  from  4  to 
12  feet  in  the  channel. 

Shtsltan  Bar. — A  very  shallow  reach  abont  850  feet  in  length,  situated  ina  bend  of  the 
river,  and  of  an  average  depth  of  about  6  inches  at  low-water,  a  great  part  of  it  being 
dry  at  that  stage. 

Mmrison^s  Bar, — About  300  feet  below  Shelton  Bar;  550  feet  in  length,  and  of  an 
average  depth  at  low- water  of  about  6  inches. 

From  Morrison's  Bar  to  the  mouth  of  the  river,  a  distance  of  about  eight  miles,  there 
is  a  good  channel  of  from  4^  to  8  feet. 

The  bars  above  mentioned  are  composed  of  sand  and  gravel,  material  probably  easily 
taken  up  by  dredge. 

OUIVRK  8LOUOH. 

The  Cuivre  River  empties  into  the  Mississippi  River  through  Cuivre  Slough,  in- 
eluded  between  Cuivre  Island  (No.  504)  and  the  Missouri  shore.  In  the  slough  going 
Muth  from  the  mouth  of  the  river  the  water  is  very  shoal,  and  hardly  susceptible  cke 
effectual  improvement  without  great  e-xpeuse.  Going  north  we  find  much  better  depths 
there  being,  however,  three  shallow  sand-bars,  which  may  be  removed  by  dredge  at 
inconsiderable  cost.    These  are — 

Cuivre  Slough  Bar  No.  1.  Near  head  of  Cuivre  Island,  700  feet  long,  and  of  an  aver- 
age depth  at  low-water  of  about  1  foot. 

Cuivre  Slough  Bar  No.  2.  About  900  feet  long ;  average  depth,  1  foot. 

Cuivre  Slough  Bar  No.  3.  Near  mouth  of  Cuivre  River;  850  feet  long;  average  depth, 
about  9  inches. 

With  the  exception  of  these  bars,  there  is  a  good  passage  to  the  channel  of  the  Mis- 
sissippi River. 

SNAGS. 

There  are  a  larj^e  number  of  snags  in  the  channel  between  Chain  of  Rocks  and 
the  mouth  of  the  nver,  and  several  in  the  upper  part  of  Cuivre  Slough.  There  is  also 
considerable  overhanging  timber  and  a  sunken  barge  a  short  distance  below  Monroe. 

BRIDGES. 

There  is  a  skew  diaw-bridge  of  the  Saint  Louis  and  Keokuk  Railroad  near  Monroe, 
with  openings  of  60  feet.  There  being  no  current  in  the  river,  the  passage  of  the  bridge 
can  be  safely  made  except  in  a  high  wind. 

STATISTICS. 

The  country  tributarj^  to  the  river  is  tliickly  settled  and  in  a  high  state  of  cultiva- 
tion, the  products  beinj;  wheat,  «'.orn,  hay,  tobacco,  and  fruit.  Large  numbers  of 
cattle  and  hogs  are  annually  sent  to  market.  There  is  a  large  business  done  in  timber 
and  cord-wood,  cut  on  the  bottom-lands  adjacent  to  the  river. 

Coal  and  iron  abound  in  Lincoln  County.  The  principal  shipping  point  is  Chain 
of  Rocks,  a  village  of  alxuit  one  hundred  inhabitants.  At  Monroe  considerable  traffic 
is  carried  on.  It  was  impossible  to  obtain  accurate  statistics  of  the  amount  of  ship- 
ments, no  systematic  record  beiiijij  kept  by  shippers. 

PROJKCT. 

For  the  improvement  of  Cuivre  River  and  Cuivre  Slongh,  a  minimum  depth  on  the 
shoals  of  2  fcf t  at  extreme  low-water  is  assumed  as  the  object  desired.  This  will 
afford  from  4  to  5  feet  during  the  greater  part  of  the  navigable  season  of  the  Upper  Mis- 
sissippi, or  for  about  six  months  in  the  year,  and  is  amply  snfhcient,  being  in  fact 
nearly  as  uhkjIi  water  as  there  is  in  the  larger  stream  at  a  corresponding  stage.  Any 
increase  of  this  minimnni  depth  wonld  greatly  augment  the  cost  of  the  proposed 
improvement,  as  may  be  s««eu  by  reference  to  the  2-foot  curves  drawn  on  the  map. 

I  would,  then,  n'spectfully  propose — 

Ist.  The  excavation  by  dredginj;  of  a  channel  80  feet  wide,  and  of  a  minimum  depth 
of  2  feet  at  low- water,  throngh  the  4  shoals  in  the  Cuivre  River.  As  there  is  no  per- 
ceptible current  and  bnt  v(My  little  sediment  in  this  part  of  the  river,  and  the  material 
of  the  bottom  and  shores  being  generally  of  a  comparatively  stable  nature,  it  is  believed 
that  no  addditional  work  won  hi  be  necessary  for  many  years.  A  comparison  of  the  map 
.  of  this  survey  with  the  report  on  the  survey  of  1871  shows  but  a  trilling  enlargement 
of  the  bars  during  the  intervening  i)eriod. 

2d.  The  excavation  by  dredging  of  a  channel  100  feet  in  width  and  of  a  minimam 
depth  of  2  feet  at  low-water  through  the  three  sand-bars,  in  the  upper  part  of  Cuivre 
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Sloa(;)i.  Aa  Mlilitioual  width  of  20  feet  is  given,  m  the  materiat  is  less  atable,  nnd  the 
ont  IB  more  liable  to  Ije  tilled  nith  sbiftlDg  sand.  It  'm  beliovetl,  hownver,  that  the 
■work  will  be  reasonably  pennaueiit,  auil  that  a  few  days'  dredging  each  yiiar  will  sinf- 
floe  to  keep  the  passage  open. 

3d.  The  constructioii  of  a  dam  across  the  lower  part  of  Cuivre  gloiigli,  2,r)D0  feet 
from  the  foot  of  Cuivre  Island.  The  dam  will  be  abont  450  feet  long,  conntructed  of 
brush  and  rock,  with  its  crest  6  feet  above  low.water  mark.  With  the  uecesaary 
■bore  protections  it  will  contain  about  3,000  cubto  yards  of  material,  aui' 
for  this  quantity  placed  in  position  at  |1.50  per  cabicyard,  will  cost  a 


1  prevent  in  great 


the  alough  and  river,  and  by  checking  tl 

fllling  up  of  the  npper  portion  of  the  bIo-h-  "j  «•-'■  —,.■>■  uuu  .^^,^^aa 

4th.  The  remoYal  of  snags,  wrecks,  and  overhaDginK  timber.     The 
work  is  (1,000. 

The  locatiou  of  all  the  proposed  work  is  shown  on  the  map. 


CdIym  Bloagb  Bu  ITo.  1. . . 
Cnlvn  Slough  Bar  No.  2 . .. 
Cd1tt«  SlDOgb  Bar  No.  3 . . . 

MotTiaoD'a  Bar 

SbeltouBkr 

FIoDd'aBar'. 

Bead  Tick  laland  Bar 


Dredging  and  removal  of  44,920  cnbicyardssaod  and  gravel,  at  SOeAits |22,  IIO 

Dam  across  Cuivre  Slough 4,500 

Bemoval  of  snags,  wrecks,  &a 1,000 

Engineering  contingencies,  &c . . 2,390 

Total  estimate 30,000 

Tliese  flgnres  provide  for  the  improvemeut  of  the  upper  part  of  Cuivre  Slough  and 
of  CnivreSivor  to  Chain  oi  Rocks,  a  distance  of  16^  miles. 
Very  respectfully,  jour  most  obedient  servant, 

C.  W.  Ddrhah. 
Atiiitant  Enginttr. 
Cftpt.  A.  Hackbnzie, 

Corpi  of  Eitgineen,  TJ.  S.  A. 
98  E 
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IMPBOVEIVIENT  OF  THE  DES  MOINES  BAPIDS  OF  THE  MISSISSIPPI  RIVEE 

AND   OPERATING  THE   CANAL. 


REPORT  OF  CAPTAIN  AMOS  STWKXFA^  CORPS  OF  ENGINEERS,  BVT, 
MAJOR  U,  S.  A.,  OFFICER  IN  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30,  1880. 

United  States  Engineer  Office, 

Keokuk,  loica,  July  23, 1880. 

General  :  I  have  the  honor  to  transmit  herewith  my  annual  report 
of  the  work  on  the  improvement  of  the  Des  Moines  Eapids  of  the  Mis- 
sissippi River  and  for  operating  and  maintaining  the  canal  under  my 
charge  during  the  fiscal  year  ending  June  30,  1880. 
Very  respectfully,  your  obedient  servant, 

Amos  Stickney, 

(Japtain  of  Engineers. 
The  CmEP  of  Engineers,  U.  S.  A. 


improvement  of  des  MOINES  RAPIDS,  MISSISSIPPI  RIVER,  AND  OPER- 
ATING THE   CANAL. 

The  work  has  consisted  principally  of  removal  of  rock  from  river  chan- 
nel, between  Nashville  and  Montrose,  by  means  of  a  stream-drilling 
Bcow  and  dredge ;  grading  and  inclosing  lock  grounds ;  laying  riprap- 
face  wall )  operating  the  canal  for  navigation,  including  dredging  and 
repairs. 

All  work  on  this  improvement  during  the  past  year  has  been  done  by 
hiring  the  labor  and  purchasing  material  in  open  market. 

CHANNEL  EXCAVATION. 

The  scow  which  was  fitted  up  with  Ingersoll  steam-drills,  for  use  in 
drilling  and  blasting  rock  in  river  channel  between  Montrose  and  Kash- 
Tille,  and  which  was  described  in  the  annual  report  for  the  fiscal  year 
ending  June  30,  1879,  has  been  in  operation  during  the  greater  portion 
of  the  past  year. 

Owing  to  the  delay  caused  by  the  non-arrival  of  a  shipment  of  dyna- 
mite the  drilling  scow  did  not  commence  work  until  the  latter  part  of 
August,  1879.  The  work  has  continued  except  during  a  portion  of  the 
winter,  when  the  river  was  frozen  over,  or  ice  running  so  thick  as  to 
jirevent  the  handling  of  the  scow.  Some  very  useful  work  was  accom- 
plished during  a  portion  of  the  winter  on  patches  of  rock,  whose  prox- 
imity to  the  channel  used  by  steamers  ma<le  work,  except  during  a  ces- 
sation of  navigation,  very  slow  and  costly  if  not  impossible. 
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Work  with  this  diilling  scow  is  conducted  as  follows :  Iron  tripods, 
resting  on  the  bottom  of  the  river,  are  located  opposite  each  range  to 
be  worked  over,  parallel  to  the  channel-line  and  10  feet  distant  from  it : 
their  positions  being  determined  by  an  instrument  from  established 
stations  on  shore. 

The  drilling  scow  is  moved  in  positicms  parallel  to  the  trijKKls,  its 
length  being  up  and  down  stream,  the  distance  from  the  tripods  being 
determined  by  measurement  with  a  chain,  and  the  location  up  and  down 
stream  being  maintained  by  ranges  on  the  shore.  WTien  in  position 
for  work  tbe  spuds  are  set,  and  a  line  of  holes  3^  inches  diameter  and 
4  feet  apart  (10  in  all  if  so  many  are  required  on  one  line)  are  drilled  to 
a  depth  of  18  inches  below  grade;  a  small  flat  boat  is  then  broaght 
alongside  the  scow,  and  from  this  flat-boat  the  work  of  filling  the  holes 
with  charges  of  dynamite  is  carried  on. 

A  long  copper  tube  2|  inches  diameter,  with  a  slot  one  inch  wide 
extending  its  entire  length,  is  first  inserted  in  the  down-stream  hole^ 
and  a  stream  of  water  from  a  steam  pump  is  carried  down  into  the 
hole  through  a  pipe  attached  to  a  hose ;  this  is  for  the  purpose  of  wash- 
ing out  tbe  sand  and  gravel  which  in  some  places  is  carried  along  the 
bed  of  the  river  in  large  quantities.  After  the  hole  is  clean,  the  dyna- 
mite, made  up  into  cartridges  2^  inches  diameter  and  containing  i  pound 
each,  is  passed  down  the  copper  tube,  the  wires  which  connect  with  the 
cap  contained  in  the  upper  cartridge  extending  out  through  the  slot ; 
sand  is  then  poured  down  the  tube  to  weight  the  cartridge  and  so  pre- 
vent its  being  lifted  out  by  the  current. 

The  number  of  cartridges  placed  in  each  hole  is  regulated  by  the 
depth  of  hole.  Under  20  inches,  one ;  between  20  and  30  inches,  two : 
from  30  to  36  inches,  three.  After  an  entire  line  of  holes  has  been  filled 
in  this  manner,  and  the  wires  connected  between  the  cartridges,  the  end 
wires  are  connected  with  heavier  insulated  wires  run  on  reels  on  the 
drilling  scow  to  facilitate  paying  out.  The  spuds  are  then  raised,  and 
the  scow  is  swung  out  of  danger,  usually  from  30  to  50  feet  from  the 
blast,  by  means  of  a  headline  and  side-lines.  A  magneto-elcQtric  blast- 
ing machine  is  connected  with  the  reels,  and  a  current  sent  through  the 
line  which  heats  the  i)latinum  wire  contained  in  the  exploiiers,  and  thus 
discharges  the  dynamite.  After  the  explosion  of  the  blast  the  scow  is 
moved  into  a  new  position,  4  feet  nearer  the  tripods  than  on  the  former 
occasion,  and  the  process  of  drilling  and  blasting  repeated  as  before. 
By  this  method  there  is  the  advantage  of  working  back  from  a  face  cut- 
ting after  the  outside  line  of  holes  has  been  blasted. 

The  work  was  commenced  August  27,  on  a  long  reef  or  series  of  ree& 
on  the  east  side  of  channel,  nearly  opposite  Miller's  Hun.  Owing  to  Uie 
peculiar  chaiaeter  of  the  rock,  which  we  learned  only  by  experience,  and 
after  some  trouble  and  slight  delays  in  the  work,  the  depth  of  the  holes 
drilled  was  found  insufficient  (the  original  depth  used  in  drilling  being 
6  inches  below  grade).  Since  increasing  the  depth  to  IS  inches  below 
grade  the  work  has  been  i)rosecuted  with  great  success. 

The  drilling  scow  was  moved  up  to  the  head  of  Montrose  coffer-dam 
Fehniary  24,  and  excavation  of  channel  at  that  point  commenced. 

This  work  is  in  continuation  of  the  channel  excavated  bj'  coffer-dam 
in  1875  and  1870. 

The  high-water  of  June  compelled  the  suspension  of  work  with  the 
drilling  s(50w,  and  the  scow,  tiat-boats,  &c.,  were  moved  down  and  placed 
in  the  canal  for  safety  June  24. 

The  character  of  the  rock  operated  on  varies  greatly  in  different  locali- 
ties and  at  different  depths  in  the  Siime  locality.    It  consists  of  compact 
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limestone  with  cherty  bands  and  shales,  sometimes  alternating  in  layers 
and  sometimes  consisting  of  only  one  of  these. 

The  shale  contains  many  geode  formations,  with  Millerite  zinc-blende 
and  calcite  crj'stals,  the  whole  series  of  rock  forming  a  conglomerate 
which  is  calculated  to  resist  a  ra]>id  movement  of  the  steam-drills. 

Where  the  rock  wfis  firm  compact  limestone  the  best  execution  was 
done,  both  in  drilling  and  in  the  eifect  of  the  blast;  the  rock  seeming 
to  lift  np  from  the  seam  nearest  the  bottom  of  the  hole.  Where  the  rock 
consisted  largely  of  shale,  with  some  chert,  the  blast  was  expended  in 
creating  a  crater,  and  it  was  to  insure  keeping  the  highest  point  of  the 
sides  of  these  craters  below  grade  that  the  depth  of  18  inches  below 
grade  for  the  hole  was  adopted. 

The  steam -dredge  belonging  to  this  work  was  employed  removing 
£x)m  the  channel  rock  which  had  been  chiseled  in  i>revious  years  and 
rock  which  had  been  blasted  by  the  steam-drilling  scow  during  the  past 
year.  This  rock  was  placed  in  piles  along  the  Iowa  side  of  channel,  50 
feet  distant  from  the  channel  line,  and  these  piles  serve  to  indicate  the 
position  of  channel. 

During  the  prosecution  of  the  work  of  dredging  the  dredge  was  sev- 
eral times  run  into  by  passing  steamers  and  slightly  injure'd,  but  no 
serious  damage  was  done.  Some  repairs  were  necessitated,  which  will 
be  alluded  to  elsewhere  in  this  report. 

A  table  herewith  appended  shows  the  amount  of  work  performed  in 
excavating  channel  by  steam  dredge  and  drilling  scow,  together  with 
statistics  of  interest  regarding  the  drilling  scow  specially. 

The  drilling  scow  having  been  at  work  most  of  the  time  since  April 
11  (the  date  when  dredge  ceased  work  in  channel  excavation  and  moved 
into  canal),  there  remains  a  quantity  of  blasted  rock  yet  to  be  dredged. 

• 

Summary  of  work  done  hy  drilling  scow. 
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*  The  namber  of  yards  blasted  as  giyen  above  refers  t-o  rock  above  grade ;  a  considerably  greater 
qnABtitj  "was  actually  blasted  in  order  to  make  sure  of  grade. 

SUMMARY  OF  WORK  DONE  BY  DREDGE. 

Bemoved  chiseled  rock cubic  yards..      913.8 

Bemoved  blasted  rock  up  to  April  11,  1880 do 1, 317 

Total  quantity  dredged 2,230.8 


Ooflt  per  cubic  yard  of  rock  blasted $3  08 

Cost  per  cubic  yard  of  rock  dredged  and  placed  in  piles 2  09 


Total  cost  per  cubic  yard 


5  17 


A  considerably  greater  qaautity  than  above  given  was  actually  dredged, 
owing  to  the  blasting  being  below  grade  at  points,  and  to  the  accuma- 
lation  of  sediment.  The  cost  ^er  yard  is  the  whole  cost  of  blasting  and 
dredging  divided  by  the  number  of  yards  of  material  above  grade. 
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REPAIRS  TO  DREDGE,  DRILLING  SCOW,  ETC. 

During  the  winter  and  at  other  times  the  dredge  has  been  repaired  and 
improved.  The  old  auxihary  engine  used  to  operate  the  spuds  and 
capstans  having  become  worn  out  was  replaced  by  a  new  double-cylin- 
der engine,  the  cranks  set  at  an  angle  of  90  degrees  with  each  other; 
the  valve  gear  consisting  of  forward  and  backing  eccentricsAon  each  side 
connected  witl\  a  common  reverse  lever,  so  that  the  engine  can  be  run 
in  either  direction  without  trouble  from  standing  on  the  centers.  This 
engine  has  given  perfect  satisfaction  ever  since  it  has  been  in  use.  Gen- 
er^  repairs  have  been  made  to  the  machinery,  including  spud-gear  and 
spuds.  The  dipper  used  on  rock  work  -was  thoroughly  repaired  during 
the  winter,  and  new  steel  t^eth  riveted  on.  The  deck  of  dredge  has 
been  repaired  by  the  insertion  of  some  new  plank  and  calking. 

On  June  27,  the  overturning  of  a  kettle  containing  boiling  tar,  which 
was  being  used  in  making  repairs,  caused  a  fire  in  the  after  cabin  of  the 
dredge,  and  but  for  prompt  action  on  the  part  of  the  crew,  and  the  as- 
sistance rendered  by  crew  of  H.  S.  Brown's  dredge,  must  have  resulted 
in  the  total  destruction  of  the  hull  and  great  injury  to  the  machinery. 
The  fire  was,  however,  confined  to  the  after  cabin,  and  finally  extin- 
guished. The  sides,  roof,  and  all  partitions  were  so  injured  as  to  make 
it  necessary  to  replace  them.  A  part  of  the  cabin  furniture  was  en  tirely 
destroyed.  None  of  the  framing  timbers  were  seriously  ii^jured :  and, 
as  the  fire  was  not  permitted  to  reach  the  machinery,  the  work  of  dredg- 
ing has  gone  on  without  interruption. 

Carpenters  are  now  employed  restoring  the  cabin,  according  to  the 
original  plan. 

ScowSj  (be. — The  dump-scows  and  Hat-boats  have  been  repaired  when 
necessary.  ^  For  this  purpose  temporary  ways  have  been  established  on 
ground  owned  by  the  government  just  above  the  guard  lock,  this  being 
the  nearest  available  point  to  tlie  scene  of  oi)erations  of  both  dredge 
and  drilling  scow. 

Two  capstans  have  been  placed  on  the  dump-scows  to  facilitate  hand- 
ling them  in  the  river  current. 

The  drilling  scow  has  been  liauled  out  on  the  ways  and  thoroughly 
calked,  new  planking  being  inserted  where  required.  Two  capstans 
for  handlin;^  the  scow  have  been  purchased  during  the  past  year,  and 
also  a  small  Cameron  steam-purai)  for  use  in  supplying  water,  under 
high  pressure,  for  cleaning  the  drill  holes  of  sand  and  gravel. 

The  boiler  used  to  furnish  steam  to  tlie  Ingersoll  steam  drills  is  an 
old  one,  having  been  in  use  on  this  work  since  August  20,  1873.  It  was 
originally  used  in  pumping  out  coffer-dams,  and  has  become  worn  out  in 
some  parts  louring  the  month  of  May  leaks  started  from  cracks  in  flue- 
sheet  and  sides  of  fire-box,  and  although  temporary  repairs  were  luade 
at  the  time,  yet  it  was  found  necessary  to  have  thorough  repairs  made, 
including  a  new  flue-sheet  and  resetting  the  flues  and  a  new  chimney. 

While  it  was  at  the  boiler  shops,  a  manhole  was  cut  in  the  top,  and 
supplied  with  cover  clamps,  &c.,  to  facilitate  the  cleaning  of  the  flues  and 
removal  of  scale. 

GRADING  AND   COMPLimNG   LOCK  GROUNDS,  ETC. 

At  the  lower  lock  it  was  found  necicssary  to  protect  the  slope  between 
the  wagon  road  and  the  sluice  with  sod,  as  the  angle  of  slope  w^as  too 
great  to  admit  of  grass  seed  taking  root,  the  wa«h  from  rains  being  con- 
siderable.   Accordingly  this  portion  of  the  lock  grounds  was  covered 
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with  sod.  Fourteen  tlionsand  eight  biiudred  square  feet  iu  all  were  laid 
carefully  aud  rolled.  Tlie  season  being  very  favorable  it  has  bikea 
root  and  is  growing  well.  Several  trees  which  have  beea  injured  by 
frost  have  l>een  removed  and  new  trees  snbstituted. 

At  the  middle  lock  a  bridge  has  been  constructed  over  the  sluice  ex- 
actly similar  in  size  and  design  to  the  one  at  the  lower  louk,  a  row  of 
shade  trees  has  been  planted  aloug  thu  road  leading  through  the  lock 
grounds,  and  grass-seed  planted  on  both  sides  of  the  road. 

At  the  gtiard  lock  a  force  of  cariieuters,  laborers,  aud  teams  have 
been  employed  constructing  a  fence  similar  iu  design  to  the  middle 
and  lower  locks,  to  inclose  the  lock  grounds ;  iu  grading  the  lock  grounds, 
and  constructing  permanent  roa4ls  where  required;  in  leltnilding  the  old 
tempoi-ary  shops,  and  making  such  changes  in  them  as  were  necessary  to 
adapt  them  to  present  purposes  for  storage  and  repair  work  These 
buildings  are  generally  similar  to  those  meutioned  iu  a  previous  annual 
rei>ort  as  having  been  constnicted  at  the  lower  and  middle  locks. 
Painters  are  now  engaged  in  painting  aU  exposed  wood-work  thoroughly 
in  two  coats. 

LAYING   RIPRAP  PACE   WALL. 

A  force  of  laborers  was  set  at  work  August  1  building  up  the  riprap 
face  wall  on  the  inside  of  the  river  embankment  of  canal,  and  on  the 
approaches  to  guard  lock,  and  a  small  quantity  of  wall  as  a  foiinda^ 
tion  for  a  wall  to  be  heareafter  constructed  about  one  mile  below 
Sandusky,  on  the  shore  side  of  canal ;  the  stone  used  in  this  work 
"being  delivered  on  the  bank  where  required  by  Messrs.  Wells,  Timber- 
man  &  Co.  Tills  work  was  continued  throughout  portions  of  the  months 
of  August,  September,  October,  November,  Febrnary,  and  March. 
Four  thousand  and  twenty-three  cubic  yards  of  new  wall  were  laid  in 
the  canal. 

The  guide  pier  above  the  guard  lock  which  marks  the  position  of  the 
channel  was  found  to  be  in  very  bad  shape,  several  steamers  having 
collided  with  it  aud  torn  the  stone  out  of  place.  A  gang  of  laborers 
was  set  to  work  rebuilding  it.  When  the  stone  wa«  partly  removed  it 
wasdiscovered  that  the  gieater  portion  of  it  had  so  deteriorated  from  the 
action  of  the  frost  and  current  that  it  would  be  necessary  to  replace  it 
■with  new  stone.  One  hundred  and  fifty  cubic  yards  of  new  wall  were 
laid  on  this  pier,  the  bottom  courses  for  a  distance  of  4  feet  above  low- 
water  being  laid  in  hydraulic  cement.  The  stoue  oiiginaUy  used  in  the 
construction  of  this  pier  had  been  taken  from  the  ex(a.vation  in  Nash- 
ville cofl'er-dam  No.  1,  and  had  seemed  snificiently  good  for  the  pui-pose. 
Small  gangs  of  laborers  have  been  from  time  to  time  engaged  in  making 
slight  repairs  on  the  wall  on  inside  of  canal  embankment,  at  places 
where  stone  had  been  displaced  by  steamers  striking  it. 

The  bank  on  ^hore  side  about  one  mile  below  Sandualty  being  too  low 
io  admit  of  carrjing  the  wall  above  the  water  surface  and  there  being 
danger  of  the  railroad  embankment  wasliing,  a  force  of  men  and  teams 
were  employed  during  the  winter  mouths  when  the  canal  was  dmned, 
iu  hauling  material  with  which  to  raise  this  bank.  The  work  extended 
during  (tortions  of  the  months  of  January,  February,  aud  March,  during 
which  time  the  bank  was  raised  to  a  point  2  feet  above  high-water  in 
canal,  and  the  front  protected  with  i-diigh  stone  reiHly  for  wall  lajlng; 
2,657  cubic  yards  of  earth  were  hauled  and  jilaced  in  the  bank  at  this 
time.  Since  the  opening  of  the  canal  for  the  season  of  1880  a  quantity 
of  refnse  stoue  and  gravel  wiis  it-moved  fW>iu  the  guard-lock  grounds 
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daring  the  progress  of  the  grading,  conveyed  by  flat-boat«  to  this  new 
bank  and  placed  on  top  as  an  additional  protection. 

OPERATINa  AND  MAIKTAIKINa  CANAL. 

The  canal  was  in  continnoas  operation  without  serious  accident  or 
delay  during  the  season  of  1879,  until  December  9. 

On  December  1  the  use  of  the  hydraulic  machinery  for  operating  the 
lock  gates  was  discontinued,  the  joints  of  all  wat^r  connections  with 
the  cylinders  broken,  and  the  wells  which  contain  the  cylinders  packed 
with  straw  to  prevent  a  recurrence  of  the  accident  of  the  previous  winter. 

The  locks  were,  however,  operated  by  hand  for  the  accommodation  of 
stray  steamers  until  December  9,  when,  due  notice  having  been  given 
to  steamboatmen,  the  canal  was  closed  and  both  levels  drained. 

During  the  winter  at  the  three  locks  the  machinery  was  overhauled 
and  slight  general  repairs  made  by  the  lock  hands. 

At  the  lower  lock  the  boiler  was  supplied  with  a  wooden  jacket  cov- 
ered with  Eussia  sheet  iron  and  secured  by  brass  bands.  Since  using 
the  boiler  protected  in  this  manner  a  considerable  economy  in  fuel  has 
been  eifected. 

At  the  middle  lock  the  old  distributing  valve  which  had  given  trouble 
from  leakage  was  replaced  by  a  new  valve  of  similar  size  and  design 
to  the  one  in  use  at  the  guard  lock,  and  this  new  valve  has  given  entire 
satisfaction  ever  since  it  has  been  in  use. 

The  canal  was  opened  for  navigation  in  the  spring  March  8, 1880,  and 
continued  in  operation  until  June  24,  when,  on  account  of  very  high 
water  in  the  Mississippi,  it  was  closed  to  the  public. 

On  June  22  the  river  had  risen  to  a  level  with  the  water  in  the  canal, 
and  both  sets  of  gates  at  the  lower  lock  were  thrown  open,  permitting 
steamers  to  pass  directly  through  this  lock.  The  water  continuing  to 
rise  the  lock-gates  were  entirely  submerged  on  the  24th,  and  although 
the  small  steamers  employed  in  towing  dredged  material  out  of  the 
canal  continued  to  pass  through,  yet  it  was  deemed  unsafe  for  large 
steamers,  or  those  having  tows,  to  pass  through,  on  account  of  the 
danger  of  injury  to  the  exposed  portions  of  the  machinery. 

The  canal  was  accordingly  closed  on  the  24th  as  above  stated,  due 
notice  having  been  given  to  steamboatmen. 

The  water  continued  to  rise  until  it  became  stationary  on  June  28,  and 
on  June  Ii9  began  to  fall,  but  slowly. 

The  highest  i)oint  reached  was  17.5  feet  above  low-water  mark  of 
18(J4,  being  .35  feet  higher  than  the  high-water  of  1876. 

The  lock-walls  were  submerged  to  a  depth  of  1.75  feet. 

Observation  thus  far  has  shown  no  injury  done  the  canal  as  the  result 
of  this  flood,  but  it  was  deemed  wise  to  put  a  small  force  of  laborers  at 
work  protecting  the  embankment  at  places  where  the  wall  had  not  been 
carried  to  its  full  height,  and  where  the  bank  threatened  to  cave. 

The  winter  rains  conveyed  a  great  quantity  of  sand,  gravel,  &c.,  fh>m 
the  creeks  which  drain  into  the  canal,  and  besides  this  there  had  been 
an  accumulation  of  sand,  mud,  &c.,  ever  since  the  completion  of  the 
canal,  and  this  had  been  only  partially  removed  by  dredging  at  various 
times. 

At  a  point  in  the  canal  oi)posite  Price's  Creek,  the  sand  had  formed  a 
bar  extending  entirely  across  the  canal,  and  so  high  as  to  practically 
blockiule  passa<r(*.  At  this  point  a  force  of  laborers  and  teams  were  em- 
ployeci  ilurnig  tiie  luinter,  when  the  canal  was  drained,  cutting  a  chan- 
nel 100  feet  wU\o  down  to  grade,  in  order  to  admit  of  the  passage  of 
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steamers  when  the  canal  should  be  opened,  until  such  time  as  the 
dredge  could  complete  the  work. 

The  dredge  belonging  to  this  work  was  employed  dnriug  portions  of 
the  months  of  July  and  August,  1879,  and  of  April,  May.  and  June, 
1880,  in  removing  bars  which  had  formed  at  various  points  m  the  canal, 
notably  at  points  opposite  Price's  and  Lamallee's  creeks.  The  dredged 
material  was  towed  out  into  the  river  and  dumped ;  the  steamer  Cricket, 
owned  and  operated  by  Messrs.  Wells,  Timberman  &  Co.,  being  em- 
ployed to  tow  the  loaded  dump  scows. 

The  dredge-steamer,  and  four  dump  scows,  constituting  the  outfit, 
owned  and  operated  by  H.  S.  Brown  &  Co.,  were  hired  to  assist  in  the 
work  of  removing  sand  and  mud  from  canal.  This  outfit  commenced 
work  May  10,  and  continued  working  up  to  June  30,  the  dredged  mate- 
rial being  dumped  in  the  river. 

SUMMARY  OF   WORK   DONE   IX  REMOVING    SAND  AND     MUD    FROM    CANAL  FOR  J'ISCAL 

YEAR   ENDING  JUNE  30,  1880. 

Cubic  yards. 

Removed  by  teams  (luring  the  winter 1,288.0 

Removed  by  United  States  dredge 26,495.5 

Removed  by  H.  S.  Brown  «fe  Co.'s  dredge 11,552.5 

Total 39,336.0 

In  my  last  annual  report  I  called  attention  to  the  necessity  of  build- 
ing a  i)art  of  the  lock- walls  higher  at  the  middle  and  lower  locks,  and 
placing  a  structure  to  facilitate  entrance  of  guard  lock,  and  made  esti- 
mates therefor.  The  amount  appropriated  for  this  improvemjent  for  the 
coming  season  is  so  small  that  it  will  allow  of  nothing  being  done  to  the 
lock-walls,  and  but  a  commencement  of  the  guard-lock  structure.  The 
other  work  remaining  to  be  done  on  the  canal  consists  principally  of 
building  riprap  face- wall,  and  the  funds  provided  will  permit  but  little 
to  be  done. 

The  cost  of  tliis  wall  will  be  increased  by  every  year's  delay,  owing  to 
tlie  wash  of  the  embankment. 

The  appropriation  for  operating  the  canal  this  yejir  is  $30,000,  a  reduc- 
tion of  |lO,000  from  the  amount  estimated. 

The  canal  can  be  kept  in  operation  with  the  amount  provided,  but 
a  large  amount  of  dredging  must  be  powstponed,  and  portions  of  the 
canal  in  the  vicinity  of  the  creeks  which  empty  into  it  will  be  reduced 
in  depth  and  navigable  width.  After  a  thorough  dredging  at  these 
points  it  is  probable  that  a  comparatively  small  amount  of  dredging  each 
year  will  keep  the  canal  in  good  condition,  and  the  annual  ai)propriation 
of  $30,000  will  be  sufficient  for  operating  and  maintaining,  except  in 
case  of  extraordinary  repairs.  * 

The  canal  is  at  present  in  good  navigable  condition,  with  normal  depth 
somewhat  reduced  at  points  opposite  creek  mouths.  The  locks  and  their 
machinery  are  in  good  order.  The  channel  of  the  river  from  the  head 
of  the  canal  to  Montrose  will,  with  a  little  dredging,  be  in  such  condi- 
tion that  boats  carefully  handled  will  have  no  difficulty  in  making  the 
passage,  except  in  times  of  high  wind. 

During  the  fiscal  year  ending  June  30, 1881,  it  is  proposed  to  continue 
the  excavation  of  tl^e  river  channel  between  the  head  of  the  canal  and 
Montrose ;  commence  the  structure  of  cribs  and  timber  fenders  at  guard- 
lock  entrance ;  build  a  small  amount  of  ri]>rap  face- wall,  and  continue 
operating  and  maintaining  the  canal  for  navigation.  It  is  proposed  to 
^pply  the  amount  asked  for  the  fiscal  year  ending  June  30, 1882,  to  the 
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completion  of  the  aforeineutioned  work  and  the  building  up  of  parts  6t 
the  middle  and  lower  lock-walls  to  prevent  the  over-riding  of  the  guards 
of  boats. 

A  coniplete  survey  of  both  sides  of  the  canal  embankment,  the  two 
sides  together  being  nearly  15  miles  in  length,  made  since  last  annual 
report,  develops  the  fact  that  a  greater  amount  of  stone  will  be  needed 
for  rii)rap  face  than  was  estimate  for,  the  increase  being  accounted  for 
principally  by  the  settling  and  spreading  of  the  banks^  which,  when 
filled  up,  have  longer  slopes  than  the  original.  Portions  of  the  bank 
where  the  wall  was  finished  to  the  top  are  shown  by  the  survey  to  have 
settled  from  1  to  2  fe^t,  and  in  portions  where  the  bank  has  remained 
unprotected  by  wall  it 'has  spread  so  that  the  slopes  are  flatter  than 
when  built.  About  4,000  yards  additional  wall  will  be  required^  and  the 
bank  must  be  refilled. 

The  cost  of  dredging  in  river  channel  this  year  was  considerably 
gi^ater  than  the  estimate  on  account  of  the  accumulation  of  sand  and 
gravel  about  the  broken  rock  which  was  chiseled  four  years  before  and 
could  not  be  dredged  at  that  time  for  want  of  funds. 

The  fencing,  grading,  &c.,  of  lock  grounds  and  various  finishing  w<Nrk 
about  t^e  canal  has  also  proved  more  expensive  than  was  anticipated. 

These  items  render  it  necessary  to  add  to  the  previous  estimates  of 
cost  of  completing  the  work. 

Attention  is  called  to  the  fact  that  this  increase  in  the  estimates  is 
caused  in  great  part  by  the  fact  that  the  work  has  dragged  along  under 
insufficient  appropriations  which  compelled  parts  of  the  work  to  remain 
for  a  long  time  in  an  unfinished  condition. 

The  work  remaining  on  June  30, 1880,  to  be  done  to  complete  this  im- 
provement, is  as  follows: 

Blasting  and  dredging  4)120  yards  rock,  at  |5 $20,600  00 

Dredging  1,051  yards  rock,  at  $1.25 1,314  00 

Purcnasing  and  laying  riprap  face-wall,  23,584  yards,  at  $:J.25 76, 648  00 

Laying  riprap  face-wall,  1,500  yards,  at  75  cents 1, 125  00 

Bnilding  cribs  and  fenders  at  guard-lock  entrance 6, 000  00 

Building  up  walls  at  lower  and  middle  locks 16,000  00 

Refilling  canal  bank 3,000  00 

Finishing  lock  grounds 1,000  00 

iiugineering,  superintendence,  office,  and  other  expenses 6, 000  00 

Total 131,687  00 

The  amount  of  funds  available  for  this  work 35, 106  50 


1*1 


Total 96.580  50 

I  desire  to  express  my  appreciation  of  the  services  of  Assistant  Engi- 
neers K.  K.  Jones  and  O.  S.  Willey,  and  Messrs.  C.  P.  Comegys  and  B. 
Kailey  in  my  office. 

The  following  statement  shows  the  business  of  the  canal  daring  the 
fiscal  year : 
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»  July  1,  1879,  to  June  30,  IfSo,  ^tcal  year  ending  June  30,  leao. 
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Bern.— The  canal  wu  cloBed  33  dsTK.  Aiim  December  B  to  Usrch  S,  on  acoonnl  of  oe«uUon  of  rlreT 
nurlcatian,  aod  7  cU;a,  from  Jaoe  24  to  June  SO,  on  iccount  of  aitreme  hl^li-water.  The  boot*  and 
baifU  tit  work  In  Cfae  canal  are  oot  inoludetl  Id  tbia  etat«inent  eioept  in  the  number  of  locliages, 

ThU  work  U  located  in  the  collection  ilistrict  of  New  Orleans.  Saint  Louie,  Mo.,  is 
the  D«aT«st  port  of  entry. 

The  following  is  a  statement  of  the  collections  at  the  iKtrt  of  Saint 
Loois,  Mo.,  during  the  fiscal  year  ending  June  30, 1880: 

Datieson  importB 81,143,7:16  88 

Harine  Hoapital  tax 13,680  93 

Finea  and  peaallieB ,,. , 331  97 

Inspections — steam  veiwels 6,097  70 

Xjioenaes — offloerti  of  steam  veauels 8, 275  00 

Storage 1,466  69 

Official  fees • 2,419  40 


Total 1.176,003  57 

n  resseU  enrolled,  I6S tons.,  59,699.13 

ea  eorolled 157 tons..  82,275.81 


Total 319... tona..  141.974  91 

^le  estimated  compleM  cost  of  this  work  as  now  being  carried  oa  is...  14,437,515  00 
Cost  of  operating  and  maintenance  of  can&l  &om  Angiut  S3,  1877,  to 

Jiin^3R18Sl ; 157,565  00 

Eotimated  cost  of  operating  and  maintenance  of  canal  for  fiscal  year 

ending  June  30, 1882 40,000  00 

4,635,080  00 

IS  up  to  June  30,  1880 4,498,500  00 


Money  statement. 

Jnlyl,  1379,  amount  available $85,875  06 

Amount  appropriated  by  act  approved  June  14,  1880 50,000  00 


ABMnnt  (estimated)  required  for  completion  of  existing  project 96, 580  00 

Amount  (estimated)  for  operating  and  maintaining  canal  for  Bscal  year 

endingJnneSO,  1882 40,000  00 

AmonnttliatcaDbeprofitabljexpended  in  fiscal  yearendingjnne  30, 1882.  136,C;aQ  QQ 
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PBESEBYATION  OF  THE  FALLS  OF  SAINT  ANTHONY  AND  IMPROVE- 
MENT OP  THE  MISSISSIPPI  ABOVE  THE  FALLS — IMPROVEMENT  OP 
CaaiPPEWA  AND  SAINT  OBOIX  BIVEBS,  WISCONSIN,  AND  OP  MINNE- 
SOTA BIVEB  AND  BED  BIVEB  OF  THE  NOBTH,  MINNESOTA  AND 
J>AKOTA — SUBVEYS  FOB  BESEBVOIBS  AT  THE  SOUBOES  OF  THE 
MISSISSIPPI — CONSTBUCTION  OP  DAM  AT  LAKE  WINNEBiaOSHISH. 


bepobt  of  captain  charles  j.  allen,  corps  of  engineers,  bvt. 
major,  u,  s.  a.,  officer  in  charge,  for  the  fiscal  year  exping 
june  30,  1880,  with  other  documents  relating  to  the  works. 

Engineee  Office,  U.  S.  Abmy, 

Saint  Paulj  Minn.j  July  15, 1880. 

Genebal  :  I  have  the  houor  to  submit  herewith  the  annual  reports 
upon  the  works  and  surveys  under  my  charge  for  the  fiscal  year  ending 
June  30, 1880. 

Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 


Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers y  U.  8.  A. 


Captain  of  Engineers. 


U  I. 

PEESERVATION  OF  falls  OF  SAINT  ANTHONY,  MINNESOTA. 

The  work,  during  the  fiscal  year,  has  mainly  consisted  in  the  cou- 
stmction  of  a  sluice-way  at  the  westerly  end  of  the  apron  for  tlic  run- 
ning of  loose  logs  over  the  falls,  and  protection  and  repair  of  the  toe  of 
the  apron  which  had  been  seriously  damaged  by  running  logs  over  it. 
The  details  of  this  work  are  given  in  the  report  of  Capt.  C.  J.  Allen, 
Corps  of  Engineers,  under  date  of  December  6, 1879,  which,  together 
with  sub  report,  is  printed  in  Senate  Ex.  Doc.  "No.  37,  Forty-sixth  Con- 
gress, second  session ;  reference  is  herewith  respectfully  made  to  it,  as 
part  of  this  report.  The  sluice  was  ready  for  use  by  the  early  part  of 
October  last,  although  the  gate  was  not  mounted  untU  February. 

Daring  the  month  of  March  last,  the  toe  of  the  apron  was  further 
strengthened  by  throwing  in  large  blocks  of  limestone  of  1,000  to  2,000 
pounds  weight  each,  at  the  easterly  angle,  in  anticipation  of  floods,  as 
there  had  been  a  heavy  precipitation  over  the  water-shed  of  the  river 
during  the  past  winter.  Two  hundred  and  eighty-five  cubic  yards  of 
rock  were  placed,  at  $2  per  cubic  yard. 

The  floods  of  May  and  June  reached  a  higher  point  than  known  since 
1867,  and  the  immense  mass  of  water  had  only  the  narrow  width  of  500 
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feet  over  the  apron  for  egress  to  the  river  below,  the  mills  and  other 
private  works  having,  previous  to  the  adoption  of  the  present  .project 
for  the  preservation  of  the  falls,  already  encroached  upon  the  water- 
way so  as  to  leave  only  the  width  above  mentioned.  The  late  floods 
appear  to  have  done  considerable  damage  to  the  apron,  in  places,  but 
the  extent  of  such  damage  can  only  be  ascertained  after  the  subsidence 
of  the  water. 

The  present  plan  here  noted  as  original  project  contemplated  the 
stoppage  of  erosion  of  the  limestone  bed  of  the  falls,  by  means  of  clos-' 
ing  the  enormous  channels  worn  under  the  limestone  ledge  and  through , 
the  soft  underlying  incipient  sandrock,  by  filling  of  gravel,  clay,  &c.,the 
construction  of  a  concrete  dike  under  the  limestone  ledge  reaching  from 
extreme  banks,  remodeling  and  reconstructing  the  apron  to  prevent 
recession  of  the  crest  of  the  falls,  rolling  dams  to  maintain  sufficient 
depth  of  water  upon  the  bed  of  the  falls  to  prevent  ice  from  adhering 
to  the  ledge  in  severe  winters,  and  the  protection  of  the  toe  of  the 
apron  by  means  of  bowlder  riprapping.  The  undermining  of  the  toe  of 
the  apron  by  the  action  of  floods  and  running  of  loose  logs,  whether  by 
accident  or  design,  makes  it  evident  that  nothing  but  heavy  buttress- work 
of  tight  cribs  filled  with  stone  will  effectually  protect  it.  Should  the 
apron  be  carried  away,  the  destruction  of  the  falls  and  the  magnificent 
water-power  of  this  locality  would  follow  unless  the  work  were  imme- 
diately renewed.  Prevention  of  any  such  disaster  costs  but  a  small 
fraction  of  that  of  renewal.  If  the  United  States  retain  charge  of  this 
work,  at  least  $50,000  should  be  on  hand  with  which  to  meet  damage 
from  floods,  or  other  sources. 

During  the  month  of  June  past,  owing  to  present  and  prospective  dam- 
age to  the  works  from  running  of  loose  logs,  the  necessary  facts  were 
placed  in  possession  of  the  United  States  district  attorney  in  order  to 
enable  him  to  obtain  from  the  United  States  court  an  injunction  against 
running  loose  logs  over  or  through  the  works,  excepting  through  the 
sluice  built  in  accordance  with  the  act  of  Congress  approved  March  3, 
1879.  It  is  not  known  at  the  date  of  this  writing  that  any  steps  have 
been  taken  towards  securing  the  injunction. 

Congress,  by  act  approved  June  14,  1880,  appropriated — 

For  repairs  and  contingencicH  of  public  works  at  Saint  Anthony's  Falls,  Mionesota, 
to  meet  necessary  repairs,  present  and  prospective,  ten  thousand  dollars. 

It  is  proposed  to  expend  this  sum,  as  well  as  the  small  balance  of 
funds  on  hand,  in  the  preservation  and  further  strengthening  of  the 
timber  work  for  the  protection  of  the  i^iUs,  so  far  as  the  amount  will  go. 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entry  is 
Dalath,  Minn.,  at  which  jdace  the  revenues  collftct<>d  during  the  fiscal  year  ending 
June  30,  1880,  amounted  to  $4,964.51. 

ABSTRACT  OF  APPROPKIATIOXS  MADE  FOR  IMPROVING  THE  FALLS  OF  SAINT  AKTHOSY 

By  act  approvod  June  11,  1870  * ^,  000  00 

By  act  approved  March  3,  1871* 50,000  00 

By  act  approved  June  10,  1872* 50,000  00 

By  act  approved  March  3,  1873* 50.000  00 

By  act  approved  June  23,  1874 125,000i00 

By  act  approved  March  3,  1875 100,000  00 

By  act  approved  August  14,  187() 190,000  0(f 

*  These  sums  were  used  before  the  adoption  of  the  present  plan. 


APPENDIX   U.  1567 

By  act  approved  March  3,  1879* $10,000  00 

By  act  approved  June  14,  1880t ; 10,000  00 

Total 565,000  00 

Original  estimate  for  carrying  out  present  project 52D,  726  31 

Semainiug  to  be  appropriated 174,7"^)  31 

Money  statement 

July  1,  1879,  amount  available §13,391  87 

•     Amount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

|23, 391  87 

July  1,  1880,  amount  expended  during  fiscal  year I'i,  812  41 

July  1,  1880,  outstandiug  liabilities 135  11 

12,947  52 

July  1,1880,  amount  available 10,444  35 

Amount  (estimated)  required  for  completion  of  existing  project 174, 726  31 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  Juno  30, 18^, 

to  meet  repairs  necessary,  present  and  prospective 50, 000  00 


^ 


COMMERCIAL  STATISTICS. 
LOGS. 

There  were  4,500,000  feet  of  logs,  valued  at  $22,500,  ruii  over  the  Falls 
of  Saint  Anthony,  destined  for  the  boom  below,  during  the  season  of 
l.o79. 

It  is  stated  that  there  will  be  4,000,000  feet  of  logs,  valued  at  $28,000, 
run  over  during  the  season  of  1880. 

MANUFACTURES  AT  MINNEAPOLIS   (FALLS  OF   SAINT  ANTHONY). 

fXaken  fW>m  "Statistics  of  Minnesota  for  1879."] 

.The  growth  of  manufacturing  industries  in  the  city  in  1879  far  exceeds  that  of  any 
former  vear.  This  is  especially  true  of  the  manufacture  of  flour.  At  the  commence- 
ment of  the  year  the  entire  capacity  of  the  mills  running  was  not  over  5,000  barrels 
daily ;  at  the  close  of  1879  it  was  10,000  barrels,  and  when  the  two  mills  now  building 
and  approaching  completion  are  put  into  ox)eration  it  will  ))e  15,000  barrels.  Another 
min  will  be  erected  during  the  year  which  will  increase  the  capacity  to  about  18,000 
barrels  per  day.  Of  course  it  cannot  be  expected  that  these  mills  will  all  be  run  dur- 
ing the  year  to  their  full  capacity,  but  it  is  fair  to  estimate  the  annual  product 
at  4,500,000  to  5,000,000  barreK 

STATEMENT  OF  SniPMENTS  OF  FLOUR  FROM  MINNEAPOLIS  FOR  THE  YEARS  NAMED. 

Barrels. 

1879 1,551,789 

1878 940,786 

1877 935,544 

1876 1,000,676 

1875 843,769 

1874 727,157 

1873 585,009 

1870.. 193,814 

1865 98,000 

1860 30,000 

Minneapolis  millers  formerly  found  a  market  for  their  flour  mainly  in  America,  and 
had  introduced  it  into  nearly  every  market  East  and  South,  and  its  reputation  had 
become  national. 

•  For  sluice-way  through  public  works,  &c. 
t  For  repairs  and  contingencies,  &c. 
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Not  satisfied,  however,  with  this,  a  little  more  than  two  years  since  active  measiufes 
were  inaugurated  to  build  up  a  foreign  demand.  The  result  was  that  in  lc<78,  109,183 
barrels  were  shipped  direct  from  the  mills  to  foreign  ports,  and  in  1879  the  exports 
were  450,000  barrels.  In  1878  the  shipments  were  exclnsivoly  to  English  ports ;  in  1879 
they  have  been  to  all  ports  in  the  United  Kingdom :  several  French,  German,  Spanish, 
and  Italian  ports ;  to  Alexandria,  Egypt,  and  Soutn  American  ports,  at  all  of  which 
Minneapolis  flour  is  received  with  great  favor. 

LUMBER. 

The  mills  of  the  city  manufactured  during  the  season  of  1879,  145,000,000  feet  of 
lumber,  50,000,000  shingles,  and  21,616,000  lath  j  an  increase  of  15,000,000  over  1878. 

•        MISCELLANEOUS  MANUFACTURES. 

The  gro\vth  of  the  manufacturing  industries  of  Minneapolis  is  by  no  moans  confined 
to  the  flour  interests.  All  other  liues  are  keeping  pace  with  the  growth  of  the  conntiy. 
The  product  of  the  various  establishments  which  are  engaged  in  manofaotnring  gooos 
for  the  trade  foots  up  for  the  year  (6,950,725. 

COMPARATIVE  STATEMENT  FOR  FOUR  YEARS. 

1879*. i6, 950. 725 

1878 5,696,625 

1877 4,802,300 

1876 3,776,133 


SPECIAL  REPORT. 

ENGINEER  Office,  U.  S.  Army, 

Saint  Paulj  December  6,  1879. 

•    General:  I  have  the  honor  to  report  the  following  as  the  operations 
at  the  Falls  of  Saint  Anthony  for  the  past  season : 

Congress,  by  act  approved  March  3, 1879,  appropriated  the  sum  of 
$10,000  for  the  construction  of  a  log  sluice  at  the  falls,  in  the  following 
terms: 

For  sluice-way  through,  puhlic  Avorks  at  Saiut  Anthony's  Falls,  Minnesot-a,  $10,000: 
Provided,  That  no  part  ot  said  sum  shall  be  expended  for  right  of  Avay,  and  that 
said  improvement  can  be  made  without  expense  in  the  Unit^'d  States,  further  than tho 
actual  construction  of  said  shiice-way. 

This  appropriation  was,  shortly  afterwards,  made  available,  but  the 
commencement  of  the  work  was  delayed  from  two  causes,  viz:  1st, 
the  existence  of  high- water;  2d,  the  delay  consumed  in  acquiring  re- 
leases to  the  United  States  from  the  owners  of  water-power  at  the  falls 
for  any  water  that  might  be  drawn  off  from  their  canals  or  races  in 
order  to  float  logs  through  the  sluice.  These  releases  were  all  obtained 
by  about  the  middle  of  June,  1879;  the  plan  for  the  work  was  approved 
of  by  the  Chief  of  Engineers;  and  the  construction  was  begun  as  soon  as 
the  water  lowered  sufliciently.  The  sluice  is  located  at  the  westerly 
end  of  the  apron  protection;  is  451  feet  in  length,  over  all,  having  four 
different  slopes  or  planes  on  the  entire  length,  the  total  fall  which  gen- 
erates the  velocity  being  about  40  feet  on  312  feet  horizontal.  The 
width  is  6  feet  in  the  clear  throughout.  The  construction  is  of  crib- 
work,  from  4  feet  to  8  feet  in  width,  strongly  jmt  together,  and  the 
sluice  lined  on  the  sides  with  3-inch  plank,  securely  bolted  to  heavy 
timbers,  all  projecting  points  carefully  chamfered  with  tlie  adze,  and 
the  bottom  protected  at  exx)osed  points  with  layers  of  strap-iron.  The 
entrance  to  the  sluice  proper  is  through  a  sort  of  tunnel  through  alarge 
guard- crib  at  the  westerly  end  of  the  apron,  placed  to  protect  the  mills 
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at  that  point  from  the  impact  of  ice  and  floating  bodies.  It  is  11  feet 
6  inches  in  height  and  6  fe6t  in  width,  to  .be  closed  by  a  gate,  worked 
by  screws.  The  original  intention  was  to  make  the  entrance  8  feet  C 
inches  high  and  to  use  ordinary  stop-phink  in  lieu  of  a  gate,  but  the 
experience  of  the  past  season  proving  the  disastrous  effect  upon  the 
apron  of  running  loose  logs  over  it,  at  any  stage  of  water,  it  was  con- 
cluded to  make  the  entrance  suflBciently  high  in  the  clear  to  attbrd  no 
excuse  whatever  for  ninning  logs  over  the  falls,  excepting  through  the 
sluice-way  provided  by  law. 

The  sluice  was  ready  for  use  by  the  latter  part  of  September,  and  logs 
were  run  through  it  successfully ;  but  the  construction  of  the  gate  wa^s 
deferred,  as  the  entire  force  of  laborers  was  necessarily  diverted  to  the 
repairs  upon  the  apron,  to  be^  referred  to  further  on.  The  work  is  a 
thorough  success ;  logs  run  through  the  sluice  with  great  rapidity  and 
BO  interruption  to  their  passsige  can  possibly  occur,  unless  the  channel 
at  the  foot  of  the  chute  is  clogged  with  mill  refuse.  The  gate  will  be 
mounted  during  the  present  month. 

Early  in  the  summer  it  became  ai)parent  that  the  toe  of  the  apron 
was  suffering  considerable  damage  from  the  action  of  the  floods  upon 
the  soft  sandstone  bed  of  the  stream.  As  the  stage  of  water  receded, 
the  logs,  which  were  passing  over  the  falls  in  large  numbers,  contributed 
to  aggravate  the  damage.  The  managers  and  owners  of  the  logs  were 
requested  to  discontinue  running  them  over  the  apron,  and  were  assured 
that  the  sluice  would  soon  be  ready  for  use. 

Ko  action  being  taken  by  them  to  stop  the  logs,  the  matter  was 
brought,  through  the  Engineer  Department,  before  the  Department  of 
Justice,  and  the  United  States  district  attorney  at  Saint  Paul  having 
received  the  necessary  instructions,  an  injunction  was  obtained  from  the 
United  States  court  for  this  district,  restraining  the  running  of  logs  over 
the  apron.  There  will  be,  after  this  season,  no  possible  excuse  for  not 
mnning  the  logs  through  the  sluice  provided ;  and  the  Minneapolis  Mill 
Company  will,  as  their  agent  gave  assurance  last  June,  provide  for  the 
passage  of  logs  through  their  works  above  the  sluice.  A  boom  should 
be  i)laced,  by  the  log-owners,  in  the  pool  between  the  upper  and  lower 
roUing  dams,  so  as  to  sheer  the  logs  into  the  sluice  built  by  t\ui  United 
States  Government,  and  refuse  the  apron. 

As  seen  as  the  wate  •  subsided  sufficiently,  a  careful  examination  and 
survey  was  made  of  the  toe  of  the  apron  and  the  channel  below;  two 
large  gax)s  were  found  in  the  timber  work,  viz,  one  about  the  middle  of 
the  lower  edge  or  toe,  and  one  in  the  angle  near  Farnham  &  Lovejoy's  mill- 
pond.  The  break  in  the  middle  was  the  tirst  observable ;  the  other  not 
becoming  a])parent  until  later.  The  bowlder  protection  ]daced  below 
the  apron  in  the  winter  of  1877  jvud  1878  had,  nearly  all,  been  swept 
away  by  the  flow  of  water,  and  much  of  the  stone  filling  in  the  crib  foun- 
dation of  the  apron  had  also  moved  out,  allowing  the  timber  to  float  and 
lift  up  the  apr<m  planking  for  a  width  of  about  200  feet,  and  a  depth, 
measured  up  stream,  of  20  to  30  feet 

It  became  apparent  that  ])rompt  measures  shouhl  be  taken  to  restore 
the  work,  as  nearly  as  possible,  to  as  good  condition  as  it  was  in  when 
completed  in  1877.  The  iireservation  of  the  log-sluice  also  depended 
largely  upon  that  of  the  apron  itself.  The  balance  of  funds  avail- 
able was  totally  insufficient  for  repairs.  The  Minneapolis  Mill  Company, 
recognizing  that  their  interest  hinged  ujjon  the  preservation  of  the 
works,  donated  sufficient  timber  for  temporary  repair,  and  this  was 
worked  into  pla<?e  by  the  government  force  of  laborers.  The  repairs 
consisted  mainly  in  the  substitution  of  water-tight  cribs  for  the  ojjen- 

99s 
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work  cribs  where  the  greatest  damage  had  occurred.  If  tbe  United 
States  Government  is  to  retain  charge  of  the  preservation  of  the  £Edl8|  at 
least  $25,000  should  be  available  at  once  to  perfedt  the  work.  A  footing 
of  loose  bowlders  might  afford  protection  to  the  toe  for  some  time  to 
come,  and  cost  much  less  than  crib- work,  but  such  protection  is  preca- 
rious owing  to  the  action  of  the  floods  and  ice  in  carrying  the  bowlders 
away,  in  addition  to  the  small  resistance  oiiered  by  the  soft  sandstone 
of  the  river  bed,  the  stone  seeming  to  yield  to  the  action  of  tiie  water, 
and  the  bowlders  spreading  out  over  it  for  a  considerable  distance. 
The  toe  of  the  apron  should  be  protected  by  tight  crib-work  below  it 
and  extending  across  the  width  of  the  stream,  the  top  of  the  planking 
to  the  crib- work  to  be  about  8  feet  below  the  surface  pf  low- water,  the 
crib-work  to  act  both  as  a  protection  to  the  bed  of  the  stream  and  to 
prevent  action  of  the  eddies,  boils.  &c.,  upon  the  foundation  of  the 
apron.  The  gieater  part  of  the  proposed*  work  can  be  done  this  winter 
and  early  in  the  spring,  before  the  highest  water  sets  in,  if  funds  are 
available  at  an  early  date. 

The  injurj^  to  the  work  in  the  angle  at  the  easterly  end  of  the  apron 
seems  to  have  been  aggravated  somewhat  by  the  injudicious  placing  of 
flush-boards  by  the  owners  of  the  mill-privilege  at  that  end  of  the  apron, 
a  fact  that  was  not  discovered  until  the  flush-boards  had  been  in  position 
for  some  time. 

The  rest  of  the  work  at  tlie  falls  is  in  good  condition. 

The  report  of  Mr.  J.  P.  Frizell,  assistant  engineer,  herewith  inclosed, 
gives  the  details  of  the  work  accomplished. 

Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers. 

Biig.  Gen.  H.  G.  Wright, 

ChieJ  of  EngiiieerSj  If,  IS.  A. 


REPORT  OF   Mil.   JOSEPH  P.   FRIZKLL,    ASSIST;AXT  ENGINEER. 

Engineer  Office,  U.  S.  Army, 

Saint  Paulf  December  1,  liJ79. 

Sir:  I  have  the  honor  to  priisent  the  folhiwing  report  of  operations  at  the  Fans  of 
Saint  Anthony  during  the  past  season,  this  work  having  been  under  my  immediate 
supervision. 

The  act  of  Congress  approved  March  3, 1879,  ap]>ropriated  $10,000  for  the  construction 
of  a  sluice-way  through  the  public  works  at  the  Falls  of  Saint  Anthony.  The  amount 
was  made  avilable  shortly  after  the  passage  of  the  act,  but  the  high-wat«r  did  not 
abate  sufficiently  to  admit  of  the  commencement  of  the  work  before  the  first  of  August 

Before  the  commencement  of  the  work,  the  precaution  was  taken  to  procure  releases 
from  the  several  owners  of  water-power  at  the  falls,  exonerating  the  ^vemment  ftom 
any  claim  for  damages  by  reason  of  the  diversion  of  water  from  the  miUs  and  canals  of 
the  said  owners  by  the  operation  of  the  sluice. 

The  sluice  was  located  on  the  westerly  side  of  the  apron,  commencing  at  a  point 
about  130  feet  above  the  crest  of  the  lower  rolling  dam,  which  was  built  for  the  pur- 
])ose  of  keeping  the  limestone  Hooded  with  water.  It  discharges  into  a  channel  sepa- 
ratecl  from  the  main  river  by  a  bank  of  loose  stone  and  gravel,  being  the  channel  which 
receives  the  water  from  several  of  the  saw-mills.  It  was  constructed  of  12"  x  12" 
square  timber  fastened  with  drift  bolts.  One  side  is  formed  by  3-inch  longitudinal 
planking,  fasteno<l  to  upright  timl)er8,  which  are  bolted  to  the  Minneapolis  Mill  Com- 
puny's  high  dam  and  to  the  wall,  partly  natural  and  partly  artiiicial,  which  forms  the 
wos'terly  side  of  the  ajuon.  The  other  wall  of  the  sluice  is  of  close  crib- work,  4  feet  to 
8  feet  wide,  iilled  with  stone.  The  side  next  the  sluice  is  lined  with  3-inch  plank.  The 
rolling  dam  was  cut  through,  and  the  bottom  of  this  part  of  the  sluice,  comprising  a 
distance  of  about  <>3  feet,  consists  of  6-inch  plank  bolt'Od  to  the  lime  rocK.  l^e  slmoe 
is  (3  feet  wi«U*  inside.    For  a  distance  of  79  feet  from  the  foot  of  the  roU-ilam  it  takes 


APPENDIX    U.  1571 


^Qbe  same  siope  as  t!io  apron,  vu,  about  1  perpeadicular  In  5  base,  aad  in  thiit  part  the 
Boor  is  of  fi-moh  plunk,  boltaU  to  the  floor  of  the  apron.  Thi-nce  for  a  distauoe  of  143 
feet  it  takes  a  alopi^  of  about  71  baao  to  1  [lerpendkulu.  Thunce  level  to  the  end,  a 
distance  of  5»  feet.     In  Ihesti  two  liwt  portioiu  itn  bottom  consiBta  of  13-incli  timbnr. 


t, »  distnucc  of  nboul  160  feet,  by  6  atrnpa  of  wrought 
e  wide,  oouAned  by  19-iuvh  bolta  with  coiintarsunk 
heads.    The  snard-crtb  atthe  weslecly  eodof  theroQingdiuu  wih  taken  away  to  make 


nfortbesluiou  and  reboiU  ovec  the  Utter,  kuviiig  a  clear  opening  11  feel  6  inehes 
liigh.  The  Bluioe,  for  a  diittauoB  of  Home  69  feel,  where  the  water  from  the  saw-ntilU 
faJlu  iuto  it,  ia  covered  with  C-ineh  planking.  The  tower  enil  is  jirutectod  by  a  riprap 
of  heavy  atone. 

The  work  wae  executed'entirely  by  day  labor,  under  the  direution  of  Mr.  A,  II. 
Wooka  at  overseer.  The  materiala  have  been  puiuhaaed  in  open  mnrket,  except  the 
stone,  which  has  been  procured  mainly  in  the  immediate  tioiuity  at  the  cwtt  of  quar- 
rj-ing  and  moving.  About  219,000  feet  of  lumber  and  30,000  pounds  of  iron  were  uaml  in 
aidd^ou  to  that  contaiuPd  in  the  old  gaanl-crib.  The  greater  part  of  the  luuiberna.'i 
puruhased  for  (7.97  per  M ;  (10  and  $11  was  paid  for  small  quantities  of  better  gradn. 
The  iron  cost  3  and  3J  cents  per  pound. 

The  sluice  is  noiv  entirely  completed,  eiuept  the  uate,  which  will  be  a  plain,  old- 
faahioned,  Qp-and-down  gat«,  worked  by  screws,  The  loechaoism  is  now  in  eoune  of 
eonatmctioa. 

The  only  accideul  which  oei:urred  during  the  couslTUOlion  of  the  sluice  was  the 
~  gowning  of  George  Boyd,  a  laborer.  He  was  crossing  the  river  in  a  boat  just  nbuve 
J«  lower  rolling  dam  while  a  violent  storm  was  impending.  The  wind  coniiueuved 
Billow  with  great  fury  just  after  ho  started,  and  he  was  swept  over  the  apron. 

^^ny  logs  have  been  passed  through  the  sluice,  which  fulfills  irs  purpose  [lerfeutty. 


Ejt  became  appftront  duriog  tbe  continuance  of  high-nator  that  serious  damage  had 
n  done  to  tbe  apron.     It  gave  evideuoo  of  being  disturbed  at  the  toe  for  a  wiiltb 
'      "Bet,  and  (wo  gaps  of  considerable  width  appeared.    The  Saint  Paul  Boom 
■  ■'       -iKnt.  t -         -  ■       . 


n  of  the  sluice,  of  running  logs 

r'tke  apron,   and   acruolly  did   send   over  a  large  number,  amouutinj;  to  some 

roillionB  of  feet  of  lumber.  Tbe  damage  to  the  apron,  though  not  wholly  due  to  this 
eausis,  was  obviously  much  extended  and  aggravated  by  it.  Accordingly,  through  the 
Engineer  Department  at  Washington,  the  matter  was  brought  to  the  notice  of  the 
Dopartnieut  of  JuHtics,  and  the  district  attorney  at  Saiut  Paul  was  instructed  to  act 
in  the  matter. 

About  the  middle  of  Septemlier  an  injunction  was  iasiied  by  the  United  States  dis- 
biet  court  at  this  place  restraining  the  owners  of  logs  from  tomiog  them  into  the 
^*^ —  to  find  their  way  over  the  apron,     No  further  trouble  has  l)6en  had  from  this 
i,  though  it  is  proper  to  odd  that  no  logs  could  have  been  run  in  the  low  stage  uf 
which  has  prevailed  sinoo  thedateof  the  ii^iunotion. 

. small  anionnt  of  money  available  for  the  Falls  of  Sunt  Anthony  did  not  appear 

hi  warrant  the  coomioncement  of  the  extended  repairs  required  by  the  apron.  Tlie 
■cation  of  this  wi)rk,  however,  was  so  important  to  the  owners  of  watCKT-powor, 
^W^rislly  to  the  Hliuieapolis  Mill  Company,  that  this  company  offered  to  donate  th« 
Bher  reqilired  for  tbe  repairs.  This  put  the  government  in  a  position  to  undertake 
^  work,  and  about  tbe  first  of  October  it  wae  commenced.  The  greatest  damage 
_(Hiurred  near  the  easterly  angle,  where  the  wBt«r  comes  down  two  slopes,  which  form 
a  valley,  The  bottom  at  this  part  hod  beeu  protected  in  the  winter  of  IIOT-TS  by 
a  riprap  of  heavy  bowlders,  reaj^hing  nearly  to  the  surface  of  tbe  water.  On  oom- 
meiicing  operations  this  season  a  depth  of  2S  feet  was  found.  The  damage  to  the 
apron  ap[ieare  to  have  been  largely  due  to  the  reHex  action  of  the  water  in  undermiD- 
ing  the  crib- work  and  (akiiig  out  the  stone,  the  cribs  haviug  been  sunk  with  open 
hottmns,  as  ia  customary  in  harbor  work.  The  cribs,  deprived  of  their  ballast,  Qoated 
and  raised  the  apron  at  the  toe.  This  action  mnst  have  been  much  aggravated  by 
logs,  which,  on  Kaching  the  bottom  of  llie  apron,  do  not  always  proceed  on  their 
~t^y,  but  take  port  in  tha  rolling  and  whirling  action  of  the  water,  and  remain  pound- 
'^  ogainat  tlie  orili-work.  In  proof  of  this,  logs  vete  found  under  the  fiour  of  the 
~im,  where  the  orib-work  was  broken  through, 

n  executing  the  repairs,  the  floor,  what  remained  of  it,  was  remove<l  as  far  as  the 
tarbaoce  had  extendeit,  viz,  for  a  widtJi  of  some  300  feat,  and  SO  to  30  feet  np  and 
a  stream.  All  uosound  timber-work  was  removed,  and  even  sound  work  as  far  as 
flsary.  to  get  depth  for  suffloient  ballasting  of  the  cribs.    Dynamite  was  freely 

, I  for  detaching  tlie  timber.     The  work  below  water  consisted  of  orlbs  of  1'^"  X  is'' 

Hiart)  timber  laid  close   with  look  joints.     They  measured  16  feet  in  width,  and 
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20  fw^t  iii»  and  down  stream.  They  were  generally  built  lilgbest  at  the  down-stream 
end,  the  watijr  being  deei)e8t  there.  The  lower  timbers  were  fastened  together  with 
36-inch  screw-bolts ;  the  rest  with  drift  bolts  and  oak  treenails.  All  the  cribs  had 
ti^ht  bottoms,  i.  t.,  tight  enough  to  hold  stone.  In  the  deep  cribs  the  bottomiras 
laid  on  the  lower  cross-ties.  In  the  shallowest  the  ])lanking  was  below  the  ties,  con- 
fined thereto  by  screw  bolts,  an  arrangement  giving  more  room  for  ballast.  On  the 
cribs  were  laid  and  bolt<.*d  the  cross- ties  which  support  the  flooring  of  the  apron.  This 
consists  of  two  thicknesses ;  the  first  of  8-inch  timber,  the  second  of  4-inch  pluik. 
The  flooring  is  fastened  wholly  with  oak  j)in8  or  treenails  ;  the  8-inch  timber  oy  16- 
inch  round  pins  2  inches  diameter ;  the  4-inch  plank  by  square  pins  1^  inch  diameter, 
10  inches  long.  This  work  was  also  done  by  day  labor.  It  was  finished  in  the  latter 
part  of  November;  157,000  feet  new  lumber,  about  7,500  pounds  iron,  and  some  10,000 
treenails  were  used.  ^  n«ci    w 

The  chief  danger  to  this  structure  is  in  the  undermining  action  of  the  water  at  the 
toe.  If  the  government  is  to  be  charged  hereafter  with  the  maintenance  of  this  work, 
some  defense  against  this  action  must  be  adopted.  The  readiness  with  which  the 
heaviest  bowlders  are  washed  out  inspires  doubts  as  to  the  efficiency  of  any  loose  stone 
protection,  especially  in  the  line  of  the  junction  of  the  two  slopes,  where  the  action 
of  the  water  is  most  violent.  A  protection  of  brush  and  stone  has  been  snegeeted, 
but  probably  could  not  be  made  strong  enough  to  resist  the  action  of  ice.  Cnb-work 
appears  best  suited  to  the  purpose,  but  would  be  attended  here  with  peculiar  difficul- 
ties, as  the  problem  would  be  to  sink  cribs  with  6, 8,  or  10  feet  of  water  over  them  and 
leave  them  filled  with  stone  with  a  strong  deck  or  platform  over  the  top,  since  it  is 
obvious  that  cribs  ojien  at  the  top  would  be  deprive<l  of  their  ballast  by  the  action  of 
the  watt^r  and  float^^d  away.  The  only  method  of  constructing  and  piacinff  snch  cribs 
that  I  can  conceive  of  would  be  to  make  them  water-tight.  After  loading  them  tm 
the  water's  edge,  add  a  curb  or  bulkhead  around  the  top,  giving  them  anfficient 
buoyancy  to  float  full  of  stone.  Then  fill  and  cover  them,  protecting  the  top  witk 
iron  plates,  straps,  or  old  railroad  bars  if  necessary .  Float  them  into  position  and  sink 
them  by  cutting  through  the  curb.  The  latter,  being  of  light  material,  could  be  de- 
tached or  left  to  be  destroyed  by  the  water;  $20,000  would  be  judiciously  expended 
in  a  protection  c»f  this  kind.  In  other  respects,  the  works  for  the  preservation  of  the 
falls  are  in  excellent  condition.  The  concrete  dike,  so  far  as  can  be  observed,  fulfills 
its  purpose  well. 

Very  respectfully;  your  obetlient  servant, 

Jos.  p.  Frizell, 
Asifistant  Engineer. 

Capt.  CfiAs.  J.  Allkn. 

Corps  of  £tigineer8y  C.  S.  A. 


U    2. 

IMPROVEMENT   OF   MISSISSIPPI    RIVER   ABOVE    THE    FALLS    OF    SAINT 

ANTHONY,   MINNESOTA. 

The  balance  of  I'liiids  on  haiul  at  the  close  of  the  fiscal  year  eudiug 
June  30,  1879,  was  too  small  to  admit  of  resuming  work,  as  the  steam- 
crane  scow  would  have  required  extensive  repairs. 

Operations  have  consisted,  mainly,  in  inspection  of  work  done  be- 
tween Saint  Cloud  and  the  Falls  of  Saint  Anthony  and  the  care  of  prop- 
erty.   The  months  of  May  and  June,  1880,  were  remarkable  for  heavy' 
rainfall  and  corres])ondin<i:  floods,  doing  more  or  less  damage  along  the 
whole  length  of  the  river. 

An  examination  of  the  stream  above  Saint  Paul  was  made  in  June  by 
a  small  party,  in  order  to  obtain  data  as  to  damage,  &c. 

The  original  estimate  for  the  w  ork  between  Saint  Cloud  and  the  Falls 
was  $144,667.50,  the  work  to  consist  in  removal  of  obstnictions,  closiug 
of  secondary  channels,  island  chutes,  and  protection  of  banks. 

This  estimate  is  contained  in  rei)ort  upon  part  of  the  Third  Subdi\i8- 
ion,  Mississippi  Transportation  Koute,  under  date  of  February  8,  1875, 
in  order  to  furnish  estimates  to  meet  the  recommendation  of  the  Senate 
select  committee  on  transportation  routes  to  the  seaboard.  The  same 
report  contains  estimates  for  making  the  improvement  as  far  up  the 
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river  as  Grand  Rapids,  the  total  cost  for  a  clianuel  5  feet  deep  estimated 
at  $2,156,578,75 ;  and  for  a  channel  3  feet  deep,  $2,030,220.50. 

One  steamer,  only,  plied  prior  to  1879  between  Minneapolis  and  Saint 
Cloud.  Large  quantities  of  logs  are,  however,  run  down  the  river  and 
received  into  booms.  The  work  of  improvement  upon  this  stretch  of 
river  has  been  confined  to  the  points  between  Saint  Cloud  and  Minne- 
ai>olis,  where  the  worst  obstructions  existed,  and,  no  doubt,  some  bene- 
fit to  log-driving  accrued.  The  loggers,  however,  frequently  tear  out 
the  dams  in  order  to  obtain  short  routes  through  the  chutes  for  the 
passage  of  logs.  It  has  been  impossible  thus  far  to  detect  the  depre- 
dators. 

If  work  between  Minneapolis  and  Saint  Cloud  is  to  continue,  $40,000 
can  be  profitably  expended  during  the  fiscal  year  ending  June  30,  1882, 
as  a  dredge-boat  will  be  required  for  thorough  removal  of  bowlders  and 
gravel.    Probable  cost  of  the  dredge  $20,000. 

Congress,  by  act  approved  June  14,  last,  appropriated  for — 

Improvin<?  Mis-sissippi  River,  above  the  FaUs  of  Saint  Anthony  :  continuing  improve- 
ment, fifteen  thouHand.  dollars. 

It  is  proposed  to  expend  this  sum  mainly  in  the  improvement  of  the 
stream  between  Grand  Eapids  and  Brainerd,  the  latter  at  the  crossing 
of  the  Mississippi  by  the  Northern  Pacific  Kailroad ;  the  work  to  be 
done  by  day  labor.  The  stretch*  of  river  above  Brainerd  is  possessed  of 
better  natural  •  depth  and  has  more  commerce,  logging  excepted,  than 
any  stretch  of  equal  length  below  it. 

The  original  estimate  for  improvement  between  Couradis  Shoals,  35 
miles  below  Brainerd,  and  Grand  Eapids,  is,  for  a  5-foot  channel, 
$54,127.50,  the  improvement  to  consist  in  removal  of  ^nags,  bowlders, 
sand,  clay  and  gravel  bars,  leaning  trees,  and  the  construction  of  wing- 
dams.  The  sum  of  $25,000  can  be  profitably  expended  upon  this  reach 
of  the  river  during  the  fiscal  year  ending  June  30,  1882. 

Total  amount  that  can  be  profitably  expended  upon  the  Mississippi 
River  above  the  Falls  of  Saint  Anthony  for  the  fiscal  year  ending  June 
30,  1882,  viz : 

From  Conradis  Shoals  to  Goose  Rapids,  and  above $25, 000  00 

Between  Minneapolis  and  Saint  Cloud,  if  improvenient  upon  this  stretch  of 

river  is  to  be  kept  up  by  the  United  States 40, 000  00 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entry  is 
Dnlnth,  Minn.,  at  which  place  the  revenue  coUected  for  the  fiscal  year  ending  June  30, 
1880,  amounted  to  1^4,9(54.51. 

•  • 

ABSTRACT   OF    APPROPRIATIONS    MADR    FOR    THE    IMPROVEMENT   OF    THE  MISSISSIPPI 
RIVER  ABOVE  THE   FALI^  OF  SAINT  ANTHONY,  MINNESOTA. 

By  act  approved  June  215,  1874* $25,000  00 

By  act  approved  Aujjust  14,  1876 : 20,000  00 

By  act  approved  June  14,  1880 15,000  00 

60, 000  00 
Original  estimate  for  the  work  between  the  Falls  of  Snint  Anthony  and 

Saint  Cloud,  Minnesota 144,667  50 

Remaining  to  be  ai)T>ropriated 124, 667  50 

Original  estimate  for  the  work  between  Grand  Rapids  and  Couradis 

Shoals .• 54,127  50 

Appropriation  act  approved  June  14,  1880 15, 000  00 

Bemaining  to  be  appropriated. 39, 127  50 


* 


Ma<le  and  expended  before  the  adoption  of  the  present  project. 
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Money  statement 

July  1,  1879,  amount  available |2,646  76 

Amonut  appropriated  by  act  approved  June  14,  1880 15, 000  00 

$17,648  76 

July  1,  1880,  amount  expende<l  during  fiscal  year 1, 381  38  • 

July  1,  1880,  outstanding  liabilities 25  00 

1,406  38 

July  1,  1880,  amount  available 16,940  36 

Amount  (estimated)  required  for  completion  of  existing  project *  124, 667  56 

Amount  tnat  can  be  prohtably  expended  in  fiscal  year  ending  June  30, 18^.     *40, 000  00 
Amount  (estimated)  reauired  for  completion  of  project,  viz,  improvement 

between  Grand  Rapids  and  Couradis  Shoals 139,127  50 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.-      25, 000  06 


COMMERCIAL  STATISTICS,   SEASON  OF  1879. 

Logs  and  liimher. 


At^ 


Logs  scaled.        Logssawed. 


No.  Fe^t  Feet, 

Minneapolis ■  825, 620  145,  061, 800;  147, 416, 390 

Above   Minne- 
apolis  ]      1,216;         182,210 


Anoka. 
Saint  Cloud. 

Dayton 

Princeton . . . 


81,  985:     13,  677, 400 
1, 719  271,  450, 


27,  009,  a'VO 

2,  971. 250 

450,  000 

450,000 


Manufactured. 


Lumber. 


Feet 
157, 076, 711 20, 467, 400 


Laths. 


Shingles. 


Pickets. 


L0S8( 

Tied  over. 


52, 986,  oca  118,272 


29,355,014   4,428,350 
2,  973,  000       550,  000 

500,000' 

500,000 


9.  003, 000 
2,500,000 


TotAl.sl879. 
Totals,  1878. 


910,540   159,192,860   178.297,490 
637,041,  102,198,750   137,285,700 


190. 403.  725  25, 445,  750:64, 489, 000, 118,  272  23. 687, 0» 


145,  319,  500  23,  553,  200  48, 128, 000 


12,600,000 

7,000,000 

4,622,001 

OS.O0» 


20.075^730 


FREIGHT  AND  PASSENGERS. 


Diu-ing  the  season  of  1878  there  were  two  steamboats  plying  on  the  Mississippi  Biver 
above  the  falls  of  Saint  Anthony ;  one  plying  between  Minneapolis  and  Saint  Cload, 
and  the  other  between  Aitkin  on  the  Northern  Pacific  Railroad  and  Grand  Rapids, 
Minnesota.  The  latter  was  the  pnly  one  navigating  the  river  above  the  falls  daring 
the  season  of  1879,  the  former  having  been  purchased  by  the  Mississippi  and  Bum 
River  Boom  Company  with  the  intention  of  remodeling  and  pnttin^  her  into  serviM 
in  connection  with  their  logging  operations.  But  she  was  fonnd  inadequate,  after 
which  the  machinery  was  sold,  and  the  hull  is  now  offered  for  sale. 

On  account  of  low-water,  the  steamer  plying  between  Aitkin  and  Grand  Rapids  was 
unable  to  make  more  than  five  trips  during  the  season,  carrying  up-stream,  aboat 
300,000  pounds  and  120  passengers.  This  was  but  a  very  small  part  of  the  comineroe 
of  the  river  (shipped  from  Aitkin),  the  bulk  of  the  business  being  done  by  flat-boals 
propelled  by  men  with  ]>olo8  and  ropes.  There  is  also  a  large  {>ercentage  of  tlM 
carrying  trade  done  by  teams  in  winter,  which  would  be  done  by  boats  during  the 
season  of  navigation  if  tlio  river  was  im])roved  so  as  to  admit  of  it. 

It  is  estimated  that  2,000  men  went  up  river  from  Aitkin  last  fall,  and  200  to  308 

♦  This  is  the  project  including  only  the  stretch  of  river  between  Saint  Cloud  and  Min- 
neapolis, and  is  offered  as  an  estimate  in  case  the  United  States  orders  the  coutinnaaoe 
of  work  u]>on  this  piece  of  river. 

tThis  }>roject  was  adopted  following  thc^appropriation  of  ^ir^OOO  made  by  act  ap- 
proved June  14,  l^JrO. 
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dnriTip:  the  liayiug  season.    The  np-streara  commerce  of  tbe  river  for  the  year  ending 
Jniie  30,  18H).  is  as  follows : 

Ponnds. 

Fee^l  and  CTain 3,000,000 

Blacksmith's  coal 60,000 

Iron  and  hardware 100, 000 

Groceries  and  provisions 2, 434, 883 

Salt : 60,000 

Total 5,654,283 

Estimated  valne $275,000 

Fnrs  and  snake-root  were  brought  down-stream  by  steamer  and  flat-boats  to  the 
value  of  $6,500. 


U  3. 

CONSTRUCTION  OF  LOCK  AND  DAM  ON  MISSISSIPPI  RIVER  AT  MEEKER'S 

ISLAND,  MINNESOTA. 

Ko  work  has  been  done  here,  no  funds  being  available  for  use^as  the 
parties  holding  the  land  grant  have  not  made  the  release  to  the  United 
States  required  by  the  act  of  Congress  approved  March  3, 1873.  The 
State  of  Minnesota  should  annul  the  grant  to  the  parties  holding  the 
land  grant  and  release  the  same  to  the  United  States.  If  it  is  deter- 
mined to  commence  the  work  and  carry  it  on,  not  less  than  $300,000 
should  be  appropriated  for  the  work  for  the  fiscal  year  ending  June  30, 
1882. 

Money  statement 

Jnly  1,  l5<79,  amount  available ". $25,000  00 

July  1,1880,  amount  available 25,000  00 

Amount  (estimated)  required  foe  completion  of  exlHtiug  project 922, 121  46 

AJDiionnt  that  can  be  prolitably  expended  in  fiscal  year  ending  June  30^  It^.  300, 000  00 


U  4. 

IMPROVEMENT  OF  CHIPPEWA  RIVER.  WISCONSIN. 

Work  recommenced  in  September,  1879,  in  widening  and  repairing 
the  west  (old)  jetty,  and  the  construction  of  dams  at  Flower-Pot  Bar 
and  the  Missouri  Eiver  Chute.  Work  was  done  by  day  labor  and  pur- 
ohase  of  material  in  open  market.  The  construction  was  as  follows : 
1,030  linear  feet  of  brush  and  stone  dams  at  Flower-Pot  Bar,  to  close 
up  a  channel  behind  an  island  of  that  name ;  and  330  linear  feet  of 
Imish  and  stone  dam,  to  close  the  chute  behind  Little  Missouri  Island ; 
also,  the  base  of  a  dam  was  laid  at  Flower-Pot  Cut-off,  the  base  being 
290  feet  lon|^. 

The  repairs  consisted  in  strengthening  the  west  jetty  at  the  mouth 
of  the  river  from  its  junction  with  the  shore  for  a  distance  of  950  feet, 
and  placing  additional  enrockment  at  the  ea«t  jetty,  where  the  structure 
had  settled  from  the  effect  of  the  sudden  irruption  of  water  from  the 
dams  aboA-e  Eau  Claire  and  Cippewa  Falls  upon  the  base  of  the  work. 
The  work  thus  far  has  been  of  the  greatest  benefit  to  navigation,  and 
is  in  generally  good  condition. 

At  the  close  of  the  season's  work  a  rapid  examination  of  the  river 
was  made  between  Eau  Claire  and  the  mouth. 
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Gaugerods  were  established  as  usual,  and  their  readings  recorded 
and  plotted. 

The  report  of  Mr.  Guy  Wells,  overseer,  giving  details  of  the  work 
during  the  season  of  1871)  is  herewith  submitted.  Mr.  Wells  is  entitled 
to  thanks  for  his  zealous,  conscientious,  and  economical  conduct  of  the 
work. 

The  river,  during  the  months  of  ^Fay  and  June  past,  rea<;hed  an  almost 
unprecedented  stage,  the  gauge  at  Eau  Claire  showing,  on  the  13th  of 
June,  21.6  feet  above  low-water.  During  the  latter  part  of  June,  an 
examination  of  the  river  in  the  vicinity  of  Ban  Claire  was  made,  and 
the  data  recorded  for  future  reference. 

The  present  project  for  the  improvement  of  the  Chippewa  River,  bai^ 
upon  the  original  estinuUo  of  the  engineer  officer  in  charge,  dated  Jan- 
uary 30,  1S75,  contoni])latos  the  removal  of  obstructions,  natural  and 
artificial,  between  Eau  Claire  and  the  mouth,  at  a  cost  of  $139,892.50; 
of  which  amount  AG4, 102.50  was  estimated  as  the  cost  of  protecting  the 
five  high  sand-banks  below  Eau  Claire,  in  order  to  prevent  the  material 
composing  the  banks  from  being  carried  down  the  river  and  into  the 
Mississippi  to  form  sand-bars  in  both  streams.  Only  those  familiar 
with  this  stream  can  appreciate  the  necessity  for  an  adequate  appropria- 
tion for  the  protection  of  the  sand-banks  on  the  Chipi)ewa  River. 

The  report  of  the  officer  in  charge,  January  30,  1875,  also  contained 
an  estimate  of  the  cost,  exclusive  of  locks  and  dams,  about  $50,000  for 
improving  the  channel  and  jnotecting  the  banks  between  Chippewa 
Falls  and  Eau  Claire. 

If  the  work  of  imj^roving  this  river  is  to  continue,  it  is  recommended 
that  Congress  be  asked  to  apinopriate  the  sum  named  for  the  prot^tion 
of  the  sand-banks  on  the  stream,  and  an  additional  sum  of  $25,000  to 
continue  the  work  of  building  wing-dams  and  jetties;  all  of  which  can 
be  profitably  expended  during  the  fiscal  year  ending  June  30,  1882. 
Congress,  by  act  ai)proved  June  14,  1880,  appropriated,  for  improving 
the  Chippewa  Hiver,  Wisconsin — 

Continuing  tlio  inijuovcint'nt,  t«*n  tlioiisand  dollars:  but  this  sum  ia  appropriatoil 
subject  to  tb«?  sjunt'  conditions  and  limitations  iinpos<'d  by  section  1  of  the  act  a|>- 
l»roved  March  :>,  I'^O,  for  the  improvement  of  rivers  and  harbors,  relating  to  said 
Chippewa  River. 

With  the  money  appropriated  by  this  act,  and  the  small  balance  of 
funds  on  hand,  it  is  proj^osed  to  Continue  the  improvement  as  begun,  by 
carrying  the  removal  of  obstructions  up-stream  from  the  mouth,  and 
repairing  existing  works. 

This  work  is  in  collection  district  of  Minnesota.  Dulnth,  Minn.,  is  the  nearest  port 
of  entry,  at  which  j>lace  tin*  revenue  C(dl«'cted  for  the  fiscal  year  ending  Jnne  30, 1890, 
wa8|4,9r)4.51. 

ABSTRACT  OV   API»Koi'IJlATrOXS   MADE    FUK    IMPROVING   CHIPPEWA   RIVER,  WISCONSIN 

}<y  act  approved  Auj;hst  14,  1-^76 $10,000  00 

By  act  api»rovcd  June  IH,  li7H 10,000  00 

hy  act  approved  Mareh  3,  1H79 8, 000  00 

By  act  approved  June  14.  I'^^'O 10,000  00 

Total 38,000  00 

Original  estimate  for  carry in^jf  out  existing  project 139,892  fiO 

Kcniaining  to  be  ai>propriatc(l 101,892  50 

Of  this  amount,  ?s()4,l02.r)0  is  estimated  as  the  cost  of  protecting  tho  five  high  sand- 
hanks  below  Eau  Chiire. 
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Money  statement. 

July  1,  1879,  amount  available $ri,  <lt>l  bl 

Ammint  appro]  iri  a  ted  bv  act  approve«i  June  14,  1880 10,  (MX)  00 

S18, 061  81 

Jnly  1, 1??80,  amount  oxpomled  during  fiscal  year 7, 7r>9  90 

JqIv  1,  letfO,  oute^tanding  liabilities ". 20  <M) 

7,779  90 

July  1,  iHpn,  amount  available 10,2f^l  91 

Amount  (estimated)  required  for  completion  of  existing  project 101, 892  &0 

Amount  that  can  Im?  profitably  expended  in  fiscal  year  ending  Jun«?  30,  1m82 — 

For  protecting  high  sand-banks *4>4, 102  oO 

For  constructing  wing-dams,  jetties,  &c 2r>,  000  <H) 

rt9, 102  50 


COMMKRCIAL   STATISTICS   CHIPPEWA   RIVKR,    l?579. 

24^,9:^2,000  feet  lumber,  at  $12  per  M !B2,987,184  00 

135,152,000  shingles,  at  82  per  M 270,.104  00 

02,044,000  laths,  at  $1.2o  per  M 77,555  00 

12,000,(H>0  pickets,  at  ^10  per  M 120,000  00 

16,000  railroad  ties,  at  40  cents  each 6,  400  00 

250,000,000  idne  logs,  Beef  Shmgh.  at^-iperM 2,000,000  00 

Cost  of  running  out  24M,9:«,00O  feet  of  pine  lumber,  at  50  cents  per  M.  124, 4f)6  00 

Nnnil)er  of  steamboats  plying  on  the  river 4 

Niiml)er  of  tons  of  freiglit  carried 3, 420 

Number  of  passen^ei*s  and  raftsmen  carried 8,730 

Amount  received  for  carrying  freight  and  passengers f 31, 746  00 

Steamlxiats  Miuni<*  Uerman  and  Iowa  City  plied  between  Rejwrs  Landing,  Minn., 
and  Eau  Claire,  Wis.  Steamboat  Monitor  plied  between  Read's  Landing,  Minn.,  and 
Durand,  Wis.  Steamboat  Phil  St-heckel  plied  between  Read's  Landing,  Minn.,  and 
Dunville,  Wis. 


ijkim>i;t  of  mi:.  (JUY  wklls,  over.sekr. 


Saint  Paul,  Mhm.,  Dcrenilnr  1,  1879. 

Sir  :  In  accordance  with  your  letter  of  instructions  of  September  G,  1879, 1  proceeded 
to  Read's  Landing  to  construct  and  repair  the  works  at  and  near  the  mouth  of  the 
Chippewa  River. 

I  ^The  new  works  constructed  were  the  Little  Missouri  Dam,  330  feet  in  length,  to  closo 
up  the  channel  which  ran  behind  an  island  of  that  name;  the  Flower-Pot  Dam,  1,030 
feet  long,  to  closo  up  a  channel  which  ran  between  the  right  bank  of  the  river  and 
Flower-Pot  Island :  and  the  base  of  a  dam  across  Flower-Pot  Cut-oft',  290  feet  in  length. 
These  works  are  all  situated  about  2^  miles  above  tlie  mouth  of  the  river. 

The  repairs  made  consisted  in  strengthening  the  west  jetty  at  the  month  of  the 
river  from  its  upper  end  down  the  river  a  distance  of  9o0  linear  feet,  and  of  placing 
additional  stone  on  the  east  jetty  at  points  where  it  had  settled. 

The  material  was  furnished  mostly  by  James  Mclntire,  ho  being  the  lowest  bidder 
in  open  market.  Work  was  commenced  on  the  16th  of  September,  and  was  continued 
nntil  the  20fli  day  of  November,  when  it  was  suspended.  There  was  considerable  de- 
lay in  the  progress  of  the  work  caused  by  low-water,  in  consequence  of  closing  all  the 
mites  of  the  dams  on  the  up])er  rivers  between  the  2l8t  of  Sep^mber  and  the  8th  of 
October,  and  after  that  by  the  high  winds,  which  interfered  with  the  collection  of 
rock  along  the  banks  of  Lake  Pepin. 

The  materials  used  in  construction  and  repairs  were  all  of  the  best  quality  that 
conld  be  obtained  in  that  vicinity,  the  rock  being  of  a  hard  and  durable  quality  of 
magnesian  limestone.  The  brush  was  straight  and  of  the  kiml  which  usually  grows  in 
the  bottom  lands  along  the  river  in  that  vicinity,  consisting  principally  of  willow, 
yellow  birch,  soft  maple,  and  elm.  This  brush  was  ma<le  into  fascines  fiom  14  to  15 
inches  in  diameter,  well  choked  and  well  tied  with  lath  yarn,  with  from  4  to  5  bauds 
to  each  bundle. 

In  all  the  neAv  work  the  bases  of  the  dams  are  from  35  to  iJS  feet.  The  bottom  course 
was  24  feet  long,  of  solid  brush,  exclusive  of  the  tips.  The  next  course  above  was  20 
feet  long,  exclusive  of  tips,  and  laid  10  feet  further  up  the  stream  than  the  bottom 
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course.  This  projoction  of  10  feet  of  the  lower  course  forms  an  apTon,  which  breaks  up 
the  overfall,  thereby  preventing  the  back  action  of  the  water  from  undermining  the 
dam,  which  often  occurs  to  dams  with  a  narrow  base  and  perpendicular  fall  on  the 
lower  side.  The  bottom  course  of  brush  was  made  into  mats  from  10  to  16  feet  wide, 
floated  into  place  and  sunk  by  loading  them  with  stone  where  the  water  wan  more 
than  4  feet  deep.  When  less  than  4  feet  deep  stone  was  only  thrown  on  the  tips  of  the 
brush  and  the  mats  firmly  staked  down.  The  fancines  in  the  top  coarse  were  gener- 
ally laid  singly  and  the  whole  loaded  with  stone  from  18  to  20  feet  wide  and  1  foot 
deep  at  either  end  and  2  feet  deep  in  the  center,  making  the  top  of  the  dam  from  2  to 
2|  feet  above  the  surface  of  low- water.  The  whole  work  was  economically  done,  and 
makes  a  good  showing  for  the  amount  of  money  expended.  It  has  also  accomplished 
the  object  for  which  it  was  built,  to  wit,  the  improvement  of  Flower-Pot  Bar. 

About  2,000  feet,  linear,  of  the  upper  end  of  the  west  jetty  was  originally  bnilt  with 
a  base  so  narrow  and  on  a  foundation  so  precarious,  the  foundation  being  compoeMi 
of  fine  sand  considerably  intermixed  with  sawdust,  that  it  did  not  withstand  the  eon- 
Btant  strain  upon  it.  During  high-water  this  strain  is  very  great,  as  the  whole  river 
is  confined  to  a  space  400  feet  in  width  between  the  jetties.  No  part  of  the  work  was 
swept  away,  but  the  sand  was  washed  out  underneath,  which  caused  a  settling,  in  places, 
from  3  to  5  feet.  Nine  hundre<l  and  fifty  linear  feet  of  this  jetty  was  strengthened  this 
season  by  widening  the  base,  on  the  side  removed  from  the  river,  with  fascines  of  brush, 
from  12  to  20  feet,  and  by  covering  this  additional  width  with  stone  to  a  depth  of  1  to 
Si  feet. 

The  appropriation  ha^^ng  been  exhausted,  no  more  work  could  be  done  this  season. 
Tlie  remainder  of  the  west  jetty  should  be  widened  and  strengthened  as  soon  as  there 
is  any  money  available  for  that  purpose.  Owing  to  the  extreme  width  of  the  river  at 
its  mouth,  before  any  government  improvement  was  made,  the  stream  at  that  point 
was  unnavigable  during  all  the  low- water  season,  but  now  these  jetties  are  the  key 
to  the  navigation  of  the  whole  rivar  and  should  be  ntrengthened  so  as  to  insure  their 
stability.  All  the  lumbermen  and  steamboatriien  unite  in  saying  that  the  bnildinffof 
these  jetties  has  been  of  more  benefit  every  year  to  the  commerct  of  the  river  than 
the  whole  work  cost.     In  fact,  they  say  they  cannot  now  get  along  without  them. 

The  total  number  of  linear  feet  of  new  work,  built  this  reason,  was  1,650.  The  total 
number  of  linear  feet  of  repairs  was  9.^0,  besides  strengthening  several  weak  points 
in  the  east  and  west  jetties. 

All  the  work  done  this  season  has  consumed  the  following  amount  of  materials,  viz; 

Cnbio  ywds. 

For  new  work,  stone 1, 910. 2 

For  new  work,  brush 2, 706. 6 

For  repairs,  stone 579.1 

For  repairs,  brush 528. 7 

The  total  amonnt  for  construction  and  repairs  is : 

Cubic  jaids. 

Stone 2,4^.3 

Brush 3,23&.3 

In  the  month  of  October  last,  according  to  your  instructions,  I  made  a  hasty  recoa- 
naissance  of  the  river  from  its  mouth  to  Eau  Claire,  the  head  of  navigation.  Going 
np,  as  I  did,  on  a  steamboat,  when  the  river  was  very  low,  I  had  a  good  opportunity 
to  see  all  the  obstructions,  both  natural  and  artificial,  to  the  navigation  of  the  river. 

The  natural  obstructions  consist  of  some  twelve  sand  and  gravel  bars,  andsnag^^ 
and  leaning  trees.  These  bars  oceur  at  points  where  the  river  is  wide  and  the  water 
spreads  over  a  broad  surface.  They  can  easily  be  improved  by  a  system  of  wing-dMU.^ 
composed  of  brush  and  stone,  to  contract  the  channel  and  confine  the  water  within 
proper  limits.  The  worst  bars,  and  those  which  give  the  raftsmen  and  steamboatmen 
the  most  trouble  every  year,  are  generally  known  Jis  the  Ed  Ray,  Five-mile  Bluffy  Fred 
Young,  Plum  Island,  Bear  Creek,  Fair  Play,  Hawkins'  Bend,  Hog  Hole^  Goose  Lake, 
Rumsey,  and  Scvastouol  Bars.  In  addition  to  the  dams  necessary  to  improve  these 
bars,  there  would  be  several  other  short  dams  required  to  close  up  sloughs,  cnt-ofis, 
and  small  channels  behind  inlands. 

There  are  a  great  many  snags  in  the  river,  but  most  of  them  are  near  the  shores 
where  they  can  be  avoided  by  boats  and  rafts,  yet  there  are  a  few  directly  in  theehaa- 
nel  where  boats  and  rafts  are  compelled  to  run,  which  are  very  dangerous  and  should 
be  removed. 

There  are  a  great  many  leaning  trees  along  both  banks  of  the  river.  As  the  banks 
im<lfnnine  they  fall  into' the  water,  the  limbs  beoonie  imbedded  in  the  sand,  are  very 
much  in  the  way  of  boats  and  rafts,  and  are  hard  and  expensive  to  remove.  The 
chtapcst  and  best  way  to  remove  them  is  in  wint^^r,  wIkmi  the  river  is  entirely  froaen 
over,  by  ''  falling"  thfui  on  the  ice,  trimming  off  all  the  limbs,  and  cutting  the  liodiM 
up  into  short  Ifugrlis  :  what  would  not  be  gathered  up  for  tire-wood  would  float  out 
in  the  spring  with  the  ice  without  doing  any  damage. 
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The  artificial  obstructions  are  Ijoom-piers,  sheer-booms,  floating  logs,  and  the  refuse 
from  saw-mills.  "^^ 

At  the  head  of  Beef  Slough  the  Mississippi  Logging  Company  have  constructe<l  in 
the  river  a  line  of  boom-piers,  over  1,300  feet  in  length,  that  diverts  all  logs  from  the 
main  river  into  the  slough.  This  boom  is  a  great  obstruction,  as  it  is  very  difficult  for 
descending  rafts  to  pass  to  the  right  of  Bt'of  Slough  Island.  In  addition  to  this,  they 
have  constructexl  a  brush  and  stone  dam  777  feet  long,  close  below,  and  parallel  with 
the  line  of  their  boom. 

This  boom  and  dam  deflect  at  least  one-fourth  of  the  water  into  Beef  Slough  that 
"WOTild  otherwise  come  down,  and  which  is  very  much  needed  in  the  main  river  below. 

At  Round  Hill,  about  half  a  mile  above  Beef  Slough,  the  same  company  has  con- 
rtrticted  a  line  of  boom-piers,  which  supports  a  sheer- Iwom  to  direct  all  the  logs  to  the 
left  bank,  so  that  they  will  float  inside  the  sheer-boom  at  the  head  of  the  slough 
below. 

At  the  end  of  this  sheer-boom  is  attached  a  swing-boom,  which  only  leaves  a  pas- 
sa^  between  the  end  of  the  boom  and  the  rocky  blufi'  of  about  130  feet  when  the 
swin^  is  open,  and  when  it  is  closed  of  only  about  30  feet. 

This  is  a  hazardous  place,  as  the  current  is  very  swift  and  the  tendency  is  to  crowd 
boats  and  rafts  against  the  rocky  shore. 

There  are  other  booms  on  the  nver  which  are  more  or  less  obstructions  to  navigation. 
One  at  Porter's,  6  miles  below  Eau  Claire,  which,  when  closed,  spans  the  whole  width 
of  the  river,  and  others  near  Eau  Claire  which  are  obstructions,  but  not  to  so  great  aa 
extent  as  those  before  mentioned. 

Some  modified  plan  should  be  adopted  by  which  the  logging  interest  on  the  one  part 
and  the  rafting  and  boat  interests  on  the* other  could  best  be  subserved^without  ma- 
terial injury  or  inconvenience  to  either  party. 

Floating  logs  are  the  greatest  obstruction  to  steamboat  navigation.  At  times,  wheu 
the  loggers  make  their  **  drives,"  thi*  river  is  so  completely  crowded  with  logs  that  the 
boats  have  to  lay  up  several  days  at  a  time  ;  at  other  times  when  they  are  not  running 
BO  tWckly  boats  rifii  great  risks  to  their  hulls  and  machinery  on  their  account,  for  it  is 
impossible  to  avoid  striking  some  of  them.  The  only  way  this  can  be  remedied  is  to 
rait  the  logs  and  run  them  as  manufactured  lumber  is  now  run. 

Many  of  the  bars  heretofore  spokeu  of  are  largely  composed  of  slabs,  edgings,  and 
sawdust,  the  refuse  of  saw-mills  in  operation  on  the  river  above. 

At  the  saw-mill  at  Menominee  they  have  adopted  the  plan  of  grinding  the  slabs  and 
edgings,  i.  e.,  cutting  them  by  maehinerj-  into  small  chi]>fl,  which  float  off  withont 
doing  nmcli  harm,  as  they  are  not  as  liable  to  sink  and  assist  in  forming  bars. 

Ui>on  a  careful  examination,  I  find  that  stone  can  be  obtained  along  the  river  more 
abnndantly  and  conveniently  to  the  work  to  be  done  than  has  generally  been  sup- 
posed. At  Five  Mile  Bluff  there  is  a  quarry  of  good  limestone,  similar  to  that  ob- 
tained in  the  blufl'  along  the  shore  of  Lake  Pepin.  Near  the  top  of  the  bluff,  opposite 
the  Fred.  Young  Bar,  I  saw  rock  cropping  out,  which,  I  have  since  been  informed,  is 
of  good  quality.  At  the  outlet  to  Dead  Lake,  about  14  miles  above  the  mouth  of  the 
river,  there  is  an  inexhaustible  quarry  of  good  hard  limestone,  which  can  be  very 
easily  obtained,  and  will  not  have  to  be  hauled  more  than  40  rods  to  the  river.  At 
Round  Hill,  20  miles  above  the  mouth  of  the  river,  there  is  a  large  quantity  of  sand- 
stone, whicn  has  been  used  for  a  number  of  years  in  the  boom-piers  at  tnat  place^ 
which  does  not  deteriorate  by  the  action  of  the  weath(?r.  Just  below  Nine  Mile  Island, 
and  at  other  points  along  the  bank  of  the  river,  I  saw  plenty  of  sandstone,  which 
seems  to  be  of  the  same  quality  as  that  at  Round  Hill. 

There  are  seven  sand  banks  or  bluffs  along  the  river,  the  four  largest  of  which  are 
ceneraBy  known  as  the  Waubeek,  Rumsey  Landing,  Mary  Dean,  and  Twelve  Mile  Yellow 
Banks,  whose  aggregate  length  is  about  21,000  feet,  and  whose  average  height  is  from 
80  to  120  f<?et.  It  is  estimated  that  not  less  than  775,600  cubic  yards  of  sand  from 
these  banks  slide  into  the  river  every  year.  They  are  all  composed  of  very  fine  loose 
■and,  and  the  face  of  the  banks  stands  at  a  slope  of  about  1^  horizontal  to  1  perpen- 
dicnlar.  In  all  cases  the  river  impinges  against  them,  imdermining  the  base  or  toe  of 
the  slope,  which  causes  the  sand  to  slide  iuto  the  river  until  it#has  agaiu  resumed  its 
OTurinal  slope.  • 

Tiiere  are  no  sand-bars  in  the  river  above  these  banks  that  cause  any  trouble,  but 
below  there  are  constantly  shifting  bars  moving  down  at  every  flood  until,  finally,. 
they  are  washed  into  the  Mississippi  River,  where  they  cause  a  great  deal  of  trouble 
by  their  never- ceasing  flow.  Any  improvtmient  which  will  prevent  this  sand  from 
BUding  into  the  riv«'r  will  be  of  great  benefit  not  only  to  the  navigation  of  the  Chip- 
pewa but  to  the  Mis*<iss)p]>i  River  as  well. 

Very  respectfully,  your  obedient  servant, 

GiY  Wklls, 

Overseer. 

Maj.  Chas.  J.  Allex, 

Captainy  Corptt  of  knyimers,  U.  S.  A, 
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Us. 

IMPROVEMENT  OF  SAINT  CROIX  RIVER,  WISCONSIN. 

The  work  for  the  improvement  of  this  stream  has  consisted  in  the  re- 
moval of  obstructions  from  the  channel,  as  snags,  stumps,  old  cribs, 
leaning  trees,  and  bars,  and  the  closing  of  secondary  channels  by  means 
of  wing-dams,  the  protection  of  caving  bends,  &c. 

Gauge-rods  were  established  and  kept  up  during  the  year ;  their  read- 
ings recorded  and  plotted. 

There  have  been  removed,  during  the  year,  520  snags,  87  stumps,  41 
cubir.  yards  bowlders,  290  lcauin<?  trees,  4  cribs.  And,  in  adcUtioD, 
1,100  cubic  yards  of  brush,  and  2,562  cubic  yards  of  stone  quarried  and 
placed  in  position,  together  with  about  100  cubic  yards  of  gravel.  About 
1,000  linear  feet  of  shore  were  graded  and  revetted,  and  about  675 
linear  feet  of  dams  built. 

For  a  portion  of  the  shore  protection  at  Marine  Bar,  matresses  of  mill 
edgings  were  used,  an<l,  so  far,  they  have  answered  very  well  in  lieu  of 
brush  fascines.  Temporary  relief  to  navigation  was  also  afiforded  by 
scraping  bars  with  railroad  scrapers  and  horses.  The  trade  and  com- 
merce of  the  stream  have  been  in  the  general  greatly  benefited  by  the 
work  done  to  date. 

A  survey  of  the  river  from  Taylor  s  Falls  to  Prescott,  at  the  .coafl.u- 
cnce  of  the  stream  with  the  Mississippi  River,  was  made  during  the 
season,  in  accordance  with  authority  from  the  Chief  of  Engineers 
granted  in  letter  of  the  23<l  of  May,  1879.  The  rei)ort,  based  upon  this 
survey,  and  dated  January  20,  1880,  is  printed  as  House  Ex.  Doc.  No. 
40,  Forty-sixth  Congress,  second  session,  and  is  herewith  resi)ectfully 
referred  to. 

The  estimate  of  cost  for  imi)rovement  of  the  stream  from  Taylor's 
Falls  to  its  mouth,  based  upon  the  survey  referred  to  (and  to  supersede 
the  estimates  rcndere<l  in  former  reports),  is  placed  at  $00,250.  The  sum 
of  $25,000  can  be  profitably  exi>ended  during  the  fiscal  year  ending 
June  30,  1880. 

Congress,  by  act  approved  June  14,  1880,  appropriated  for — 

Iiiii)roviug  Saint  Croix  Kiver,  below  Taylor's  Falls:  Continuing  the  improvement| 
ten  thousand  dollars,  of  \vlii<h  .sum  thruc  hundred  doll.ars,  or  so  much  thereof  as,  in 
the  opinion  of  tho  ♦•nglncers  in  charjjo,  may  be  necessary,  shall  be  expended  in  the  im- 
provement of  the  slough  on  the  «'ast  sido  of  said  river,  known  as  tne  canal  between 
Four-Mile  Island  and  the  foot  of  the  Saint  Croix  Boom. 

With  the  remainder  of  funds  on  hand  from  former  appropriations  and 
the  late  appropriation,  it  is  proposed  to  continue  the  work,  as  begun,  by 
day  labor  and  purchase  of  materials  in  open  market. 

Capt.  O.  F.  Kna])]),  overseer  in  local  charge  of  the  work  during  the 
past  year,  is  entitled  to  credit  for  liis  zeal,  efficiency,  and  success  in  secor- 
ing  work  at  e<*.onomical  rates. 

During  tlie  montlis  of  May  and  June  past,  extraordinary  high-water 
prevailed  in  the  Saint  Croix  River,  one  probable  result  of  which  will  be 
that  marked  changes  will  be  seen  in  bends,  channels,  and  crossings  upon 
the  subsidence  of  the  waters. 

The  Saint  Croix  Rivt'r  is  in  tho  collection  district  of  Minnesota.  The  nearest  port 
of  entry  is  that  of  Dulutli,  Minn.,  at  which  port  $4,9(>4.r)l  of  revenue  were  collected 
for  the  fiscal  year  endin«;  June  30,  1^80. 
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By  kctapprovedJune  li?,  IdTS' $10,000  00 

B;  act  Approved  March  3,  1879t 8,000  00 

By  act  approved  June  1-1,  l^W 10,000  00 


u  uf  exutiug  prujcc 

Money  ttatement. 


July  1,  18B0,  amount  a 

Amonnt  (eatim 
Amount  that  ci 


i  for  completion  of  esisHoK  project  . . 


COMMERCIAL  STATISTICS. 


There  were  three  Bt«ainboatB  engaged  eiolnaively  in  the  freight  and  passenger  bu^- 
MBB  dniinK  the  season  of  1979,  and  &om  the  Btat«ment  it  will  be  seen  tJiat  the  DnsineBS 
JUtne  was  large,  when  we  tahe  into  consideration  the  length  of  river  traversed — leas 
thao  60  miles. 

Of  the  three  steamboats  engaged,  two  plied  Iwtween  Hastings  and  Taylor's  Falls, 
~~d  commenced  ruimiiig  uu  the  opening  of  navigation;  and  the  other  between  Still- 


'kter  and  Taylor's  Falls,  and  comioenced  running  about  August  1. 
"^  figures  below  were  fnmisbed  by  Capt.  Joui  H.  Reaney,  of  Saint  Paul,  H 
Capt.  David  Hays,  of  Osceola  Mills,  Wis.,  under  wtiose  directions  the  boats 


The  figures 
and  Capt  " 
cpenkted. 
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FasBCngeTB  carried  uji  and  down  stream  number  9,244. 

lOOB,    LUMBER,    KAFTIKO,    ASD   TOWIKG,    BEASOS    OF    1679. 

Xojs.— About  202,000,000  feet  of  logapsBsed  thraagh  the  Saint  Crois  boom  during 
Uie  season,  wliicb  at  an  estiuiated  value  of  |8  per  thoDsand  feet  would  represent  the 
■nm  of  11,616,000.     Attheboomabont  300  men  were  employed  for  100  days. 

'Appropriated  before  adoption 
Anen,  Jannary  2S,  IM),  printed  a 
and  BeesioD. 

•Two  thousand  dollars  of  this  amount  was  used  in  making  survey  of  the  river  from 
Tftylor'B  Falls  to  Prescott  during  1879. 

}  Bee  report  of  survey  of  this  stream  made  in  1879,  nnder  date  of  Jannary  26,  1880, 
printed  as  House  Ex.  Doc.  No.  40,  Forty-sixth  Congress,  second  session. 
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Lwmber. — ^There  are  10  large  saw-millB  on  the  Saint  Croix  River,  7  <tf  wliieh  «ie  U- 
cated  at  and  around  Stillwater,  the  head  of  Lake  Saint  Croix,  and  engaged  in  thft 
manufacture  of  lumber.    These  7  mills  cut  during  the  season — 


Lumber feet..  83, T^, 

Shingles feet..  40,238,000 

Lath number..  27,600,000 

The  estimated  value  of  these  products  is  about  $1,170,000.  Expense  attached  to 
manufacturing  the  above,  $200,1)00.  The  other  3  mills  are  located  at  Ftanconia^ 
Marine,  and  Glenmore.    The  amount  of  their  business  is  stated  as  follows : 


Localitiee.  \  Lumber.    !      I^tli. 

i 


FteL 

Glenmore ■    6,000  000 

lYanconia '    1,000,000 

Marine j    3,000,000 


!  10,000.000 


ShiBglet. 


800.000 


2.000,001 
lOOiOOl 
400.000  1      1.000.000 


1.200,000        8,300.001 


Rafting, — ^This  branch  of  business  renuires  a  large  force  of  men,  carried  on,  howeirn; 
during  only  a  portion  of  the  season.  The  amount  of  lumber  rafted  foots  ap  108,000,000 
leeti. 

Towing. — There  were  12  steamboats  engaged  in  the  towing  of  lumber  and  logs  to 
various  points  during  the  season.    The  amount  towed  was  lb  ,000,000  feet. 


U6. 

IMPROVEMENT  OF  MINNESOTA  RIVER,  MINNESOTA. 

Ko  work  was  done  during  the  fiscal  year  ending  June  30,  1880,  there 
being  no  funds  on  hand  for  such.  The  project  for  the  improvement  of 
the  river  from  its  mouth  to  South  Bend  (see  report,  page  364,  Part  I,  An- 
nual Eeport  of  the  Chief  of  Engineers  for  1875)  contemplated  the  constmc- 
tion  of  five  locks  and  dams,  and  the  removal  of  snags,  overhanging 
trees,  and  drift-piles,  at  an  estimated  cost  of  $733,868.63,  which  is  the 
existing  project. 

This  work  is  in  the  collection  district  of  Minnesota.  The  nearest  port  of  entry  is 
Dulnth,  Minnesota,  at  which  place  the  revenue  collected  during  the  fiscal  year  endiiig 
June  30,  1880,  amounted  to  14,964.51. 

There  are  no  commercial  statistics  to  report. 

ABSTRACT   OF    APPROPRIATIONS  MADE    FOR    TUE    IMPROVEMENT  OF  THE  MIXNBSOTA 

RIVER. 

By  act  approved  March  2,  1867 $37,500 

By  act  approved  July  11,  1870 10,000 

By  act  approved  March  3, 1871 10,000 

By  act  approved  June  10,  1872 10,000 

By  act  approved  March  3,  1873 10,000 

By  act  approved  June  23,  1874* 10,000 

By  act  approve<l  March  3,  1875 ^.  10,000 

By  act  approved  August  14,  1876 10,000 

By  act  approved  June  18,  1878 10,1 


Total 117,500 

Amount  (estimated)  required  for  completion  of  existing  project  (see  page  964, 
Part  I,  Annual  Roport  of  Chief  of  EuginetTs  for  1375),  $733,^8.63. 

•  Used  in  making  survey  of  river. 
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Money  statement 

July  1,  1879,  amount  available $215  <)0 

July  1,  1H80,  amount  expended  during  fiscal  year $141  00 

Jaly  1,  IHBO,  outstanding  liabilities .' 9  00 

1150  00 


July  1,  1880,  amount  available 65  00 

Amount  (estimated)  required  for  completion  of  existing  project 733, 868  63 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882 

(for  commencement  of  lock  and  dam  at  Little  Kapids) 75, 000  00 


U  7- 
IMPEOVEMENT  OF  RED  RIVER  OF  THE  NORTH,  MINNESOTA  AND  DAKOTA. 

The  operations  below  Moorhead  have  coDwsted  in  dredging  a  chau- 
Del  through  the  clay  bars  to  a  point  a  few  miles  below  the  mouth  of  the 
Cheyenne  River,  or  about  46  miles  below  Moorhead,  so  as  to  aftbrd  a 
width  of  water-way  of  not  less  than  CO  feet  and  a  depth  at  lowest  stage 
not  less  than  2^  feet. 

The  material  removed  has  been  generally  dumped  in  the  concave 
bends,  forming  training  walls,  while  at  the  same  time  the  deposit  of 
material  has  maintain^  the  area  of  cross-section  of  the  stream  after 
excavation,  the  same  as  it  was  before  any  work  was  done,  thus  counter- 
balancing almost  efiectually  any  tendency  to  lower  the  surface  of  the 
wat^r  in  the  pools  above. 

It  was  apprehended  that  the  floods  of  this  year  might  possibly  carry 
away  the  tough,  leathery  clay  and  nullify  the  exi)ected  advantages,  but 
observations  thus  far  prove  the  advantages  ot  dumping  the  materi^d 
as  has  been  done.  As  the  lower  river  is  reached  more  sand  appears, 
and  it  is  possible  that  some  means  will  have  to  be  resorted  to  in  order 
to  hold  the  dumped  material  in  place  so  as  to  secure  its  permanency  as 
wing  or  training  walls.  The  result  has  been  thus  far  greatly  beneficial 
to  navigation,  the  shipments  of  wheat  being  tenfold  over  those  in  1878. 
Oareful  gauge-readings  throughout  the  extent  of  river  dredged  do  not 
show  a  variation  of  more  than  1  inch  in  the  stage  of  water  in  the  pools 
following  the  excavation  of  the  shoals.  The  work  has  been  done  by  day 
labor  and  piu-chase  of  materials  in  open  market,  the  United  States  own- 
ing the  dredge.  During  a  portion  of  the  season  the  dredge  worked  day 
and  night  in  order  to  assist  commerce  as  much  as  possible.  Locomotive 
headlights  lighted  the  ground. 

Examinations  of  the  river  were  made  from  Frog  Point  to  the  Manitoba 
boundary  line,  in  order  to  connect  the  detatched  surveys  made  in  1877. 

Early  in  January  last,  in  accordance  with  authority  from  the  Chief  of 
Engineers,  in  letter  dated  the  8th  of  December,  1879,  and  in  response 
to  numerous  petitions  from  citizens  above  Fargo,  a  party  was  organized 
to  remove  leaning  trees,  snags,  &c.,  from  the  channel  between  Fargo  and 
Fort  Abercrombie,  in  order  to  facilitate  high -water  navigation  between 
those  points,  large  quantities  of  wheat  awaiting  shipment  from  Abercrom- 
bie to  Fargo.  The  party  operated  on  the  ice,  it  being  fitted  out  with 
tents  and  the  necessary  teams.  The  winter  was  severe ;  nevertheless, 
excellent  and  economical  work  was  accomplished,  and  the  results  have 
this  year  greatly  benefited  that  portion  of  the  stream  and  the  country 
adjacent. 

The  materals  removed  from  both  sections  of  the  river  for  the  fiscal 
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year  ending  Jime  30, 1880,  are  57,610  cubic  yards  dredged  material,  and 
219  snags  and  4,151  overhanging  trees. 

A  lock  and  dam  at  Goose  Rapids,  previously  reported  upon,  would  be 
much  more  satisfactory  as  an  improvement  at  that  point,  on  account  of 
the  accumulation  of  fall  and  the  bed  of  the  stream  being  composed  of 
gi'avel  and  heavy  bowlders,  than  would  improvement  by  means  of  dredg- 
ing and  wing-dams. 

The  cost  of  this  proposed  lock  and  dam  is  placed  at  $190,000,  reckon- 
ing from  present  prices.  If  this  work  be  ordered,  at  least  $1()0,000  should 
be  appropriated  with  which  to  commence  the  work. 

An  estimate  of  the  cost  of  improving  the  river  from  Breckenridge  to 
the  northern  boundary  line  was  given  by  Major  Farquhar  in  his  report 
of  December  8, 1877,  as  follows : 

1.  For  iiu]iroviug  the  river  from  Br<3ckeDrid«re  to  Moorliead  for  raft  and 

flat-boat  iiav^igation $23,663  98 

2.  For  improvlD^  the  river  from  Moorhead  to  the  head  of  Goose  Kapids.. .  4, 428  00 

3.  For  lock  and  daiu  below  Goose  Ri^pids 219, 287  99 

4.  For  impr(>viiig  the  river  from  Goose  Rapids  to  Frog  Point 32, 880  20 

5.  For  im})roving  the  river  from  Frog  Point  to  the  boundary  liHe 85, 338  00 

Total 364,596  17 

The  work  to  consist,  besides  the  construction  of  the  lock  and  dam,  in 
dredging,  removal  of  obstructions,  as  snags,  &c.,  and  construction  c^ 
dams  and  jetties. 

Experience  has  shown  that  the  cost  of  item  2  is  altogether  too  low ; 
and  revised  estimates  of  the  cost  of  the  lock  and  dam  re<luce  it  to 
$190,000. 

The  other  items  appear  to  be  nearly  correct.  Tlie  officer  in  charge,  ia 
making  the  estimates,  had  not  the  means  of  arriving  at  prices  that  the 
recent  development  of  the  country  now  affords.  The  total  is  not,  prob- 
ably, far  from  coiTect. 

Congi'css,  by  act  apju'oved  June  14,  18S0,  api)ropriated  for — 

Improving  Ked  Kivcr  of  the  Nortli,  Minnesota  and  Dakota:  (.-outinuing  improve- 
ment, twenty  thouHand  cUiIlarH. 

No  mention  is  made  in  this  act  of  a  lock  aii<l  dam.  It  is  pioposed  with 
this  approi)riation  and  the  bahmce  of  funds  on  hand  from  former  appro- 
priations to  continue  the  im])rovenient  as  begnn  and  authoi'ized,  towaixls 
the  boundary  line. 

An  additional  dredging-macliine  would  ])rove  of  much  value  ;  but  the 
cost  of  another  oiu^  and  tender  would  ]»robably  ap]>roaeh  $20,(XM),  as 
there  is  little  likelihood  that  another  dnnljLre  can  ever  be  constructed  at 
such  low  rates  as  was  the  one  built  in  1S78  and  1871>.  Ijut  little  would 
then  be  left  with  whicli  to  operate  a  new  machine. 

The  sum  of  *1;>0,000  can  be  luotitably  expen<led  upon  this  stream 
during  the  liscal  year  ending  June  .'>0,  18X2,  which  sum  will,  it  is  hoped, 
be  appropriated  on  account  of  the  great  importance  of  the  Ked  Kiver  as 
an  avenue  for  the  transportation  of  wheat  and  other  i»roduct^  both  within 
and  without  the  limits  of  the  United  States.  The  anumnt  asked  for  couhl 
be  expended  to  advantage  nearly  in  the  following  projjortioiis,  viz : 

In  reniovinfj  ohstructiona  io  navij^ation  hetwtu^i  Breckenridge  and  M<>or- 

heatl  (Far^o  in  direct  l.v  opjjosite  Moorhca*!) Ig;l0,  IMW  (H> 

In  building;  a  new  dredge,  and  in  o]»erating  it  and  tlit'  one  i\o\\  owtmmI  hv 

th«'  United  States '.     40,000  0(> 

Commencing  lock  and  dam  at  Goose  KapidH 100,000  00 

Total  that  can  he  profitably  expended  l)ct\veen  Bifckcnridge  and  the 

boiir.dary  Kre  dr.ring  Hswal  year  eLdiiif  J i:ne  ,iV.  l::r^ 150, 000  00 
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For  details  of  the  work  done,  reference  is  respectfully  made  to  the  ap- 
pended report  of  Mr.  Charles  Wanzer,  assistant  engineer  in  local  charge, 
whose  efficiency  and  economical  management  entiUe  him  to  great  crecUt. 

The  Bed  Biver  of  the  North  is  hi  the  ooUection  district  of  Minnesota,  of  which  Pem- 
bina is  the  port  of  entry.  The  district  of  Minnesota,  however,  embraces  all  of  the 
State  of  Minnesota  (except  the  waters  of  Lake  Superior)  and  all  of  Dakota  Territory, 
with  deputy  collectors  at  Saint  Paul  and  Saint  Vincent,  Minn.,  and  Bismarck,  Dak. 

The  amount  of  revenue  (duties  and  fees)  collected  at  Pembina  and  Saint  Vincent 
daring  the  fiscal  year  ending  June  30,  1880,  is  $16,554.35. 

ABSTRACT  OF  APPROPRIATIONS  MADE  FOR  IMPROVING  RED  RIVER  OF  THE  NORTH,  MIN- 
NESOTA, AND  DAKOTA. 

By  act  approved  August  14,  1876. flO.OOO  00 

By  act  approved  June  18,  1878 30,000  00 

By  act  approved  March  3,  1879 25,000  00 

By  act  approved  June  14,  1880 20,000  00 

Total 85,000  00 

Original  estimate  for  completing  existing  project 335, 310  18 

Remaining  to  be  appropriated .*.  250,310  18 

Money  statement. 

July  1,  1879,  amount  available $41,304  39 

Amount  appropriated  by  act  approved  June  14, 1880 20, 000  00 

$61, 304  39 

July  1,  1880,  amount  expended  during  fiscal  year 14, 200  61 

July  1,  1880,  outstanding  liabilities 957  36 

15, 157  97 

July  1,  1880,  amount  available 46,146  42 

Amount  (estimated)  required  for  completion  of  existing  project 250, 310  18 

Amount  that  can  be  profitably  expended  in  fiscal  year  endiug  June  30,  1882 : 

For  lock  and  dam  at  Goose  Rapids $100,000  00 

For  buildiuff  new  dredge  and  dredging  between  Moorhead  and 

boundary  line 40,000  00 

For  removal  of  obstructions  between  Breckenridge  and  Moor- 
head       10,000  00 

150,000  00 


COMMERCIAL  STATISTICS. 


Freight  received  and  shipped  during  season  of  1879. 


By  what  line. 


Steamer  Grandin . . . 

Steamer  Plack 

Do 

Flat-boats 

Do 

S«d  KiTer  Transpor 
tation  Company. 

Total 

100  E 


II 


2, 522. 949 

800,000 
240,000 

677,860 
17, 817, 190 

7, 040, 390 


28,998,389 


Where  received. 


Fargo. 


do 

Fort  Aberorombie 


do... 

Moorhead 


Saint    Vincent    and 
Fisher's  I/Snding. 


Destination. 


"Way 


....do 

Fargo  St  Moor- 

hMd. 

..    do   

Winnipeg  and 

Fort  Garry. 
Winnipeg..:.. 


f 


'S 


5,431,683 
1, 200, 000 


88,650 


6,720,842 


Destination. 


Fargo  Sl  Moor* 

head. 
....do • 


Saint  Vincent 
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The  number  of  passengers  carried  is  not  stated,  but  it  is  known  to  be  laree.  In  1878 
the  Red  River  Transportation  Company  alone  carried  about  13,190.  Donng  the  fidl 
of  1879  there  was  shipped  to  Moorhead,  irom  points  dovm  the  river,  92,000  bnsheli  of 
wheat  of  that  year's  narvest.  During  the  year  1878,  and  of  the  harvest  of  the  lame 
year,  there  was  shipped  but  13,000  bushels,  an  increase  of  79,000  bushels  in  1879  over 
that  of  1878,  which  increase  was  entirely  due  to  the  working  of  the  United  States 
dredge,  as  all  other  conditions  were  the  same  except  that  the  lowest  stage  of  water 
was  m  1879. 

It  is  estimated  that  the  tonnage  for  1880  will  be  at  least  double  that  of  1679,  owine 
to  the  fact  of  continued  high-water  this  season  in  connection  with  the  continned  work 
of  dredging. 

As  a  matter  of  general  information  the  following  estimate  of  the  amount  of  wheat 
raised  in  the  Red  River  Valley  in  1879  is  submitted : 

Bnshela. 

Clay  County,  Minnesota 640,000 

Wilkin  County,  Minnesota.... 300,000 

Polk  Coimty,  Minnesota 510,000 

Marshall  County,  Minnesota 75, 000 

Kittson  County,  Minnesota 150,000 

Richland  County,  Dakota 150,000 

Cass  Countv,  Dakota 1,300,000 

Traill  County,  Dakota 900,000 

Grand  Forks  County,  Dakota 500,000 

Pembina  County,  Dakota 150,000 

Total 4,675,000 


RKPORT  OF   MK.   CHARLES  WANZER,   ASSISTANT  KNOIXEER. 

Red  River  of  the  North,  June  30,  1860. 

Major:  In  accordance  with  your  instructions,  this  report  of  operations  condncted 
by  me,  under  your  supervision,  on  the  Red  River  of  the  North,  during  the  past  fiscal 
year,  is  respectfully  submitted. 

The  operations  have  consisted  in  the  constant  running  and  working  of  the  dredge, 
an  examination  of  the  river  from  Frog  Point  (which  place  was  the  terminal  point  of 
Colonel  Farciuhar's  survey)  to  the  United  States  boundary  line,  a  short  survey  on 
Goose  Rapids  in  connection  with  the  proposed  location  of  a  lock  and  dam,  and  the 
clearing  out  of  siiaj^s  and  overhanging  trees  on  that  i)ortion  of  the  river  between  old 
Fort  Abercronibio  and  Muorlioad. 

I. — DREDGING. 

This  work  has  been  caiTiod  on  in  the  same  manner  as  detailed  in  my  report  of  June 
30,  1879,  and  with  good  general  success. 

The  effect  of  the  work  has  been  beneficial  in  every  particular,  and  steamboat  and 
other  river  men  all  bear  favorable  testimony  to  the  results  obtained.  In  every  case 
it  has  been  found  advisable  to  excavate  so  as  to  leave  the  channel  (where  it  is  natu- 
rally located)  on  or  near  the  points  instead  of  in  the  bends ;  the  greater  depth  of  water 
being  invariably  (as  stated  in  my  lost  report)  on  the  side  of  the  river  convex  to  the 
axis  of  the  stream,  and  this  condlti<^n  holds  true  from  Fort  Abercrombie  above  Moor- 
head  to  the  gravel  beds  of  Goose  Rapids,  and  is  entirely  due  to  the  slides  from  the 
steep  clay  banks  touching  the  bends  of  the  river. 

The  general  plan  of  the  work  from  Moorhead  to  the  mouth  of  the  Cheyenne  River 
has  been  to  ex<;avate  through  the  shoals  a  channel  of  at  least  60  feet  in  width  and  a 
low-water  depth  of  at  h^ast  2.G  feet.  The  work  done  on  this  part  of  the  river  does  not 
pretend  to  be  ]>erfected,  but  was  huixied  through  in  order  to  render  as  muoh  aid  as* 
possible  to  the  transportation  of  last  season's  crops,  and,  at  the  same  time,  every  yard 
of  earth  moved  was  in  conformity  to  what  must  eventually  become  the  settled  method 
of  imi)roving  the  river.  Great  care  was  taken  in  all  cases  to  measure  cross-sections  of 
the  river  where  any  work  was  to  l)c  done  ;  these  areas  were  comi)uted  and  the  exca- 
vated material  was'so  dei)08itedin  the  fonu  of  training  dams  as  to  contract  the  stream 
sufficiently  to  counterbalance  the  increased  areas-naturally  obtained  by  dredging,  thus 
avoiding  the  anticipated  danger  of  draining  the  river  above  the  work.  These  train- 
ing dams  were,  in  all  cases,  ma<le  on  the  side  of  the  river  concave  to  its  axis,  and  the 
only  effect  of  high- water  this  spring  liaA  been  to  flatten  out  the  dams  somewhat,  and 
to  (ie/)o.sit  the  material  further  into  the  bentls;  a  fact  to  be  desired. 
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^    ^  o  diaining  of  the  river  is  furaialietl  by  tbe  faut  that  dariag 

the  whule  seasaa  the  daily  temporary  ganges  kept  ou  the  work  ohecked  at  all  tiinea 
within  fn  of  a  foot  with  the  pennaaent  eange-readings  above  the  drrdge  at  Moorbead. 
Tbe  woi'k,  siiice  Hpring,  baa  been  entire^  below  the  moiitb  of  the  Cheyenue  River  and 
baa  been  thoroiigbly  done.  The  excavated  njaterinl  baa  all  been  deposited  on  the 
banks,  above  low-water  mark,  at  least  3  feet.  Tbia  has  lequired  iu  most  places  that 
the  dreilge  abould  make  2  ciiU  at  each  place  to  be  improved,  and,  to  avoid  espenuve 
rebandliiig,  tbe  excavated  material  has  brnn  thrown  or  dumped  ou  a  barga  attached 
to  the  druilpc,  witb  a  nlide  orraiigeil  ou  it  which  throws  tbe  spoil  a  distance  in  the 
clear  of  23  fui^t  from  thn  side  of  the  dred^.  Tliia  Rtide  has  a  slope  of  1  in  :i,  and  with 
the  aid  of  watvc  torc^nd  through  a  hoso  discharffes  the  material  as  deuired. 

The  tciliil  uiimlirrof  miles  of  river  gone  over  by  the  dredge  during  the  year  is  about 
Ilti,  aud  th»  iMitJrt!  Ic^^gth  of  continuous  excavation  is  a  trifle  over  5  miles,  The  total 
unmUer  of  yards  of  earlh  removed  during  the  year  Is  57,610. 

Diirinjc  theseaaon  of  1S79  tbe  river  was  open,  free  of  ice,  aud  eapable  of  navigation 
for  a  period  of  SOS  dajB,  and  waa  clear  again  of  ice  on  April  14  of  this  year.  Sooie 
disunity  was  experienced  last  pear  iu  obtaining  the  ueuesaary  fHiel  for  running  the 
dredge,  at  moderate  pricea,  eBpt>cialIy  toward  tbe  latter  part  of  the  aeaaon,  but  this 
obstacle  has  been  overcome  for  tbe  jiresent  aeaaoii  by  the  piirchasH  of  some  wood  dur- 
ing the  past  winter  which  ia  now  being  saved  for  emergenuicB  ia  the  coming  fall. 

St  thia  point  it  is  but  proper  to  mention  to  you  the  eourteaioa  extended  to  the  work 
liy  the  ateamboat  men  on  tlie  river,  aud  eapecially  by  tbe  general  aud  suhotHoials  of 
.,  _  n._..  I-.  11.  _.  .t —  i_  _.,  -pg^  attestmg  their  interest  iu  the  work  by  oflioiolly 
n  their  power  which  could  aid  me  in  the  conduct  of 

mage  of  tbe  river  during  the  scMon  of  1S79,  aud  an 
Miuuite  of  tbe  amount  of  wheat  raised  iu  the  Red  River  valley  during  that  aeaaou, 
mid  wiU  only  add  thai  tliere  is  one  fact  which  demonstrutea  the  good  renults  of  the 


the  Grandiu  Hue;  they,  ii 

atid  pomoually  doing  cverytbiug  ii 

utfalrs. 

Below  I  submit  a  table  of  the  ti 


__,  __,_.!)  bushels  of  wlieat  during  tJie  fiill  of  ilJ79,  of  that  year's  karvea.,  __ 

against  13,U<)0  bushels  capable  of  being  ahippad  over  tbe  same  portion  of  tbe  river  In 
1873,  of  that  year's  harvent.  This  increase  was  entirely  dne  to  the  working  of  the 
ilredge,  as  all  other  eouditiuns  were  the  same  exc-epting  that  tbe  lowest  stage  of  water 
was  in  1879.  The  tonnage  of  the  river  for  thia  year  ia  safelif  estimateil  to  ue  at  least 
ilouble  of  last,  owiug  to  tbe  fact  of  contiuned  high-water  tbis  BeaM>n  In  cunjiuiotion 
witli  the  continued  work  of  dredging.     The  stage  of  water  since  the  oyiming  of  navl- 

gtiiou  bus  been  very  favorable  for  boating  purposen,  the  gauge  below  the  Cheyenne 
tver  showing  an  average  of  about  6  feet  above  low-water  and  on  average  discharge 
of  over  i!,Ol)0  cuiiic  feet  i>er  seooud,  an  against  a  low-water  discharge  of  less  titan  1,000 
feet. 

The  machinery  of  the  dredge  haa  provod  itself  eiinal  lo  ali  that  was  expeclt^d  of  it. 
Thia  si-aaon,  ''  liog,"  or  bearing  thaiua,  aud  supports  to  the  boiler  have  been  added  to 
I  be  hull, 

The  dredge  and  barges  have  been  recalked  and  pointed,  and  dupliuuCb  onstings  of 
the  difierput  part«  of  the  niacbiuery  that  were  weai'ing  out  have  beim  luirohflscd.  The 
drt-dge  ia  now  ns  strong  and  in  as  good  conditiou  as  when  it  wbh  first  built. 


B  Tite  nu'thoil  of  imvkiug  thia  eiLaminatiou  was  the  taking  of  i^hannei  sonndings  the 
entire  distance  and  toiiograpbical  notes.  All  uonndinga  were  located  in  reference  lo 
known  points  and  checked  on  every  east  and  west  section-line  of  tbn  Minnesota  govern- 
ment land  survey  as  they  out  the  river.  The  total  distance  from  Frog  Point  to  the 
boundary  line  is  9d  miles  by  land,  aud  180  by  river.  The  total  fall  of  the  low-watei- 
ri  ver  surface  for  this  diHtance  ia  4^  teet,  or  an  average  slope  of  0.27  foot  per  niilo. 

Tbe  resnlts  of  the  examinatiou  are,  in  general  tcruia,  given  below,  the  river,  for 
this  purpose,  being  divided  int'Ofivesectious: 

1.  Frirm  fiiyg  Point  to  firand  Forka,  llakota. — The  distance  between  thesa'two  points 
isbylaQd32  miles  and  by  river  35.  Tbafall  or  elope  l'ortlusdistanceiaI2.ti  feet,  giving 
au  average  slope  iter  tnile  of  0.365  foot,  Thia  section  of  the  river  iaby  far  the  best  por- 
tion that  ia  situated  within  the  limits  of  the  tJniteil  States,  The  banks  are  high  and 
nn  the  Miuneaota  side  well  timbered  with  oak,  ash,  and  elm  for  a  distance  of  2  mllea 
back  &om  tbe  river.  On  the  Dakota  aide  the  quality  of  the  timber  is  the  name,  but 
the  belt  is  much  narrower.  A  line  drawn  from  point  to  point  of  the  Dakota  bends 
would  inoinde  nearly  all  tbe  timbered  coiuitry,  Tbe  obstructions  in  thin  section  of 
the  river  consist  of  13  snagx,  4  overhanging  trees,  aud  1  gravel  bar  which  wonld  be 
easily  removed  by  dredging.  Witb  the  exception  of  this  barnu  place  was  tound  with 
a  low-wat-er  sounding  of  lewi  than  4  feet,  and  tbe  general  cbannel  indicates  a  devth. 
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of  from  6  to  10  feet.  Tlic  river  has  a  vaiyins  width  of  from  100  to  SOD  feet,  and  differs 
from  the  section  above  Goose  Rapids  in  the  fact  that  the  channel  ia  in  nearly  all 
cases  in  the  middle  of  the  river.  The  bottom  throughout  the  whole  distance  is 
gravelly  and  full  of  small  bowlders,  and  consequently  not  liable  to  sudden  changes. 

2.  From  Grand  Forks  to  the  mouth  of  the  Turtle  liiver.-^Tand  Forks  is  situated  in 
Dakota  directly  opposite  the  junction  of  the  Red  Lake  River  with  the  Red  River  of  the 
North.  On  receiving  this  tributary  (by  far  its  largest)  the  Red  River  widens  fh>m 
137  to  250  feet.  At  this  point  the  iirst  appearance  of  bars  formed  of  clay  mixed  with 
sand  takes  place.  This  sand  is  all  thrown  out  of  the  Red  Lake  River,  and  indicates 
large  deposits  of  that  material  up  that  stream.  The  gauging  of  the  Red  Lake  River 
shows  a  low-water  discharge  of  630  cubic  feet  x>er  second,  which  about  equals  the  low- 
water  discharge  of  the  RedKiver  at  Moorhead.  Below  Grand  Forks  the  Red  Riverkeeps 
a  ver>'  regular  and  continuous  width  to  the  boundary  lii^,  seldom  being  narrower  than 
^25  feet  or  wider  than  300  feet.  The  distance  from  Grand- Forks  to  the  mouth  of 
Turtle  River  is  by  land  18  miles  and  by  river  25.  The  slope  between  the  two  points 
is  6.2  feet,  or  an  average  of  0.403  foot  per  mile.  The  timber  for  the  first  9  miles  is  a 
narrow  belt  on  either  side  of  the  river,  but  for  the  next  9  it  widens  out  to  f  of  a 
mile  on  the  Minnesota  side  and  to  2  miles  on  the  Dakota  side.  The  quality  is  the 
same  as  that  on  the  upper  river.  The  condition  of  the  river  from  Grand  Forks  to  the 
Turtle  River  bars  (a  distance  of  11  miles)  is  good,  with  no  low- water  soundings  of  less 
than  4  feet.  The  Turtle  River  bars  extend  for  a  distance  of  5  miles  and  can  only  be 
removed  by  dredging,  as  recommended  by  Col.  F.  U.  Farquhar,  under  whose  super- 
vision detailed  surveys  were  made  of  this  locality  in  the  summer  of  1877,  by  C.  J.  A. 
Morris,  assistant  engineer.  Wing-dams  might  be  advantageously  used  to  maintain  a 
channel  through  these  bars  after  it  had  been  once  dredged  out.  From  the  foot  of  these 
bars  to  the  Turtle  River,  a  distance  of  9  miles,  the  character  of  the  river  is  improved, 
only  two  bars  of  any  len^h  being  found  in  my  soundings.  But  in  improving  the  river 
a  large  amount  of  dredging  would  have  to  be'done  to  short  bars  and  lumps  other  than 
those  mentioned  here,  as  only  the  largest  and  most  troublesome  are  here  considered. 

3.  From  the  vwuth  of  Turtle  River  to  the  mouth  of  the  Big  Salt  River. — ^These  two  points 
are  distant  from  each  other  by  land  13  miles  and  by  river  30^  miles.  Through  this 
section  of  the  river  more  shallow  water  is  found  than  in  any  other,  with  the  exception 
of  Turtle  River  and  Pelican  bars.  The  bottom  is  very  uneven  and  the  transitions 
from  10  to  2i  feet  soundings  are  very  abrupt  and  numerous.  None  of  the  bars  are 
long,  but  few  extending  for  a  great<5r  distance  than  500  feet.  The  timber  belt  on  this 
portion  of  river  is  a  full  mile  wide  on  both  banks,  that  on  the  Dakota  side  being  the 
most  valuable,  fire  having  materially  injured  that  on  the  Minnesota  shore. 

4.  TYom  mouth  of  the  Big  Salt  River  to  the  lower  e)id  of  the  Pelican  Bare, — ^This  distance 
is  17  miles  by  land  and  40  miles  by  river.  The  tributaries  to  this  section  are  the  Snake, 
Little  Salt,  and  Tamarac  rivers.  The  total  fall  of  the  river  from  the  mouth  of  the 
Turtle  River  to  the  lower  end  of  the  Pelican  Bars  (a  distance  of  70|  miles)  is  20MI 
feet,  with  an  average  slope  per  mile  of  0.293  foot.  The  iiist  24  miles  of  river  below 
Ihe  mouth  of  the  Bjg  Salt  are  in  fair  condition,  and  but  Jittle  dredging  would  be  re- 
quired to  give  a  continuous  4-foot  depth  of  channel.  The  succeeding  lb  miles  will  re- 
quire more  dredging  to  obtain  a  4-foot  channel  than  any  other  portion  of  the  lower 
river.  There  is  one  section  of  5  miles  that  would  require  continuous  dredging  to  fur- 
nish a  greater  low-water  depth  than  30  inches.  This  is  in  addition  to  the  Pelican  Bars, 
in  regard  to  which  I  can  furnish  no  additional  information  to  the  accurate  notes  of  the 
survey  made  under  Major  Farciuhar.  The  timber  over  this  whole  section  is  of  little 
value  and  the  belt  becomes  narrower  and  more  nearly  worthless  as  you  approach  the 
Canadian  line. 

5.  From  the  Pelican  Bars  to  the  boundary  line. — The  river  between  these  points  is  in 
good  navigable  condition,  free  from  snags  and  bars,  and  is  being  constantly  traversed 
by  steamboats.  The  tributaries  are  Middle  River  and  Two  Rivers  from  the  Minnesota 
side,  and  the  Pembina  River  from  the  Dakota  side,  all  small  streams  in  the  summer 
season  but  which  discharge  a  large  amount  of  water  during  the  melting  of  the  snow 
in  the  spring.  There  is  at  present  a  3}-foot  depth  of  channel  over  this  section  of  the 
Red  River,  and  no  improvement's  of  any  kihd  will  be  necessary,  at  least  until  the  bars 
and  obstructions  above  have  been  removed  and  the  effect  of  their  removal  noted.  The 
slope  of  the  river  over  this  section  (a  distance  of  28  miles  by  landand4d  miles  by  river) 
is  only  9.333  feet,  the  average  slope  i)er  mile  being  0.194  foot. 

m.—TIIE    CLEARING   OUT    OF    SN'AGS    AND    OVERHANGING    TREKS    ON  THAT    PORTION 
OF  TILE  RIVER  BETWEEN  OLD  FORT  ABERCROMBIK  AND  MOORII£AD. 

This  work  commenced  on  January  1,  1880,  and  was  finished  March  31,  1880.  This 
work  was  done  entirely  on  the  ice  and  much  more  economically  than  it  could  have 
been  done  at  any  other  time.  I  know  of  no  place  where  the  same  amount  of  money 
could  have  been  exx>ended  to  better  advantage,  or  furnished  more  relief  to  the  aottlen 
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in  the  valley.  The  clearing  out  of  this  portion  of  the  river  makes  it  fully  as  capable 
of  navigation  as  the  30  mues  of  river  below  Moorhead  was  before  the  dredge  com- 
menced its  work  there. 

The  total  nnmber  of  obstructions  removed  during  the  three  winter  months  was 
4,370,  of  which  219  were  snags  and  4,151  were  overhanging  trees. 

Last  year  a  steamer  attempted  to  transport  wheat  over  this  section  of  river  but 

f:ave  up  the  undertaking  after  siuking  a  barge  load  for  each  of  the  two  trips  it  made. 
t  is  believed  that  they  will  have  no  further  trouble  on  account  of  trees  or  snags  dur- 
ing this  season.  From  Breckenridge  to  Fort  Abercrombie  the  river  is  free  from  trees 
as  the  banks  have  no  timber  on  them.  The  river  is  also  wide  and  shallow,  with 
gravel  bottom  and  frequent  bowlders  varying  in  size  from  ^  yard  to  5  cubic  yards. 
The  banks  are  high  and  the  subsoil  has  a  mixture  of  sand  and  gravel.  From  Fort 
Abercrombie  to  Moorhead  the  bottom  of  the  river  is  composed  entirely  of  blue  clay 
and  has  the  same  characteristics  as  that  portion  below  Moorhead. 

IV.— A  SURVEY  ON  GOOSE  RAPIDS. 

This  consisted  of  a  short  survey  made  during  the  early  part  of  November  last,  for 
the  purpose  of  acquiring  additional  information  in  reference  to  the  best  method  of 
improving  these  rapids.  This  survey  commenced  at  the  old  proposed  location  of  lock, 
ana  extended  down  the  river  a  distance  of  7  miles.  As  regards  the  necessity  of  a  lock 
and  dam  to  flow  out  what  is  known  as  Goose  Rapids  there  can  be  no  question,  as  the 
slope  of  the  river  is  very  considerable  and  the  bed  is  full  of  bowlders  and  gravel. 
Dredging  would  be  injurious  on  account  of  the  great  fall,  unless  supplemented  by  an 
extensive  system  of  wing-dams,  which  would,  themselves  prove  a  serious  obstruction. 
Below  is  given-  the  slopes  and  distances  by  river  from  tne  head  of  the  rapids  to  the 
proposed  dam-site. 

Distance  in  miles. 

From  Goose  River  to  0-,  fall  =  1.422  feet 1 

From  O^  to  P^  fall  =  1.444  feet 1.82 

FromP2toR2,  fall  =  1.22C  feet 1.94 

FromR^to  W'^,  fall  =  4.5(53  feet 2.84 

From  W«toX3,  faU=  1.246  feet 1.74 

FromX^toZ^,  fall  ;=  0.660  feet 1.06 

From  Z2  to  A3,  fall  =  1.555  feet 1.82 

From  A' to  proposed  dam,  fall  =  0.550  feet 1.14 

The  above  portion  of  the  river  would  all  be  perfected  and  the  slope  be  overcome  by 
a  lock  and  dam  with  a  lift  of  12  feet. 

Above  Goose  River  the  slope  is  small  and  the  bottom  composed  of  clay,  and  the  only 
improvement  necessary  is  dredging. 

I  would  merely  add  that  from  all  information  acquired  in  three  seasons  spent  on  the 
river,  both  from  outside  testimony  and  my  own  observation,  -I  am  convinced  that  a 
lock  and  dam  can  be  built  in  the  river  proper  with  as  much  inmiunity  and  safety  from 
floods  and  ice-jams  as  by  incurring  the  additional  expense  of  excavating  and  building 
through  a  tongue  of  land  45  feet  high  and  400  feet  wide.  But  on  account  of  the 
extreme  high-water  which  sometimes  visits  this  river  I  would  recommend  that  the 
dam  be  a  movable  one,  such  as  is  in  operation  on  the  Big  Kanawha  Rii'er. 

For  the  proper  improvement  of  the  various  portions  of  the  Red  River  of  the  North 
I  would  respectfully  suggest  the  following :  The  building  of  another  dredge  to  operate 
on  the  river  bolow  Grand  Forks. 

There  will  be  an  abundance  of  work  for  two  dredges  for  ten  years  to  come  to  per- 
fect the  channel,  and  with  only  one  machine  either  the  work  must  be  slighted  or  one 
or  the  other  portion  of  the  river  be  sadly  neglected.    For  the  improvement  of  Goose 

Rapids  I  would  rocoramend  the  building  of  a  lock  and  dam. 

«  «  *  i,  «  «  • 

Very  respectfully  submitted. 

Charles  Wanzer, 

Assintant  Engineer, 
Maj.  Chas.  J.  Allkx, 

Captain^  Corps  of  JCngineers  U.  S.  A, 


1590     REPORT    OF    THE    CHIEF    OF   ENGINEERS,    U;  8.*  ARBIT. 

U  8, 

SURVEYS  FOR  RESERVOIRS  AT  SOURCES  OF  THE  MISSISSIPPI,  SAINT 
CR0IX,CH1PPEVVA,  AND  WISCONSIN  RIVERS,  TO  DETERMINE  THE  PRAC- 
TICABILITY AND  COST  OF  CREATING  AND  MAINTAINING  RESERVOIBS 
UPON  THE  HEADWATERS  OF  SAID  RIVERS,  WITH  A  VIEW  TO  IMPROV- 
ING THE  NAVIGATION  OF  THE  SAME. 

This  examination  and  survey  was  continued  under  provision  of  the 
following-named  act  of  Congress,  approved  March  3, 1879 ; 

For  examination  and  surveys,  for  reservoirs  at  sonrecs  of  the  Mississippi,  Saint  Croix, 
Chippewa,  and  Wisconsin  rivoi-s,  completing  survey,  twenty-five  thousand  dollais. 

The  details  of  operations  being  given  in  progress  rexK)rts  dated 
December  12, 1879,  and  January  16, 1880,  both  with  maps,  and  sub- 
reports,  published  in  Uouse  Ex.  Doc.  No.  39,  Forty-sixth  Congress,  second 
session  which  reports  are  here  respectfully  referred  to.  Eevised  lists  of 
lands  liable  to  overflow  from  construction  of  reservoirs,  also  respectfully 
referred  to,  were  furnished  to  the  department  on  the  12th  of  April  and 
the  12th  of  June,  1880. 

Section  2,  river  and  harbor  act,  approved  June  14,  1880,  provides : 

That  the  Secretary  of  War  is  herehy  directed,  at  his  discretion,  to  cause  examina- 
tions or  surveys,  or  l^oth,  to  he  niade,'^&c.,  and  that,  of  the  sum  of  $1.50,000  herein 
appropriat^Hl  for  surveys  and  examinations,  the  sum  of  $15,000  may  he  expended  in 
the  completion  of  the  survey  of  the  resei^voir  system  on  the  hea<l\vators  of  the  Miasia- 
sippi  River,  inchiding  Kock  River  in  Wisconsin  and  Illinois. 

It  is  proposed  to  continue  the  surveys  and  examination  as  hereto- 
fore, and  in  the  manner  detailed  in  the  reports  to  date. 

Money  statement. 

July  1,  1H79,  amount  available $19,353  41 

Amount  ai)propriated  by  act  approved  Juno  14,  1880  * 15, 000  00 

$34, 353  41 

July  1,  iJ^O,  amount  expended  during  fiscal  year. 19,108  53 

July  1,  1880,  outHtanding  liabilities 244  88 

19,353  41 

July  1,  1880,  amount  avaihible 15,000  00 


EXAMINATIONS  AND  SURVEYS  AT  THE  SOURCES  OF  THE  MLSSISSIPPI 
RIVER,  AND  OF  THE  SAINT  CROIX  RIVER,  IN  WISCONSIN  AND  MINNE* 
SOTA,  AND  OF  THE  CHIPPEWA  AND  WISCONSIN  RIVERS,  IN  THE  STATE 
OF  WISCONSIN,  WITH  A  VIEW  TO  FEASIBILITY,  COST,  ETC.,  OP  CON- 
STRUCTINa  AND  MAINTAINING  RESERVOIRS  FOR  THE  IMPROVEMENT 
OF  THE  NAVIGATION  OF  THOSE  RIVERS,  AND  THAT  OF  THE  MISSIS- 
SIPPI RIVER,  IN  ACCORDANCE  WITH  ACTS  OF  CONGRESS  OF  JUNE  18, 
1878,  AND  MARCH  3,  1879. 

EXAMINATIONS  AND   SURVEYS    AT    HEADWATERS  OF   THE  MISSISSU^M 

RIVER. 

Kncjineer  Office,  United  States  Army, 

JSaint  Faulj  December  12, 1879. 

General:  1  have  the  honor  to  submit  tlie  following  progress  rejiort 
l)ertaiuiug  to  the  i)roi)08e(l  system  of  reservoirs  at  the  sources  of  the 
Mississippi  Iliver. 

My  last  report  upon  this  subject,  dated  January  15,  1879,  contained 
an  estimate  of  $336,458.()0  for  the  construction  of  seven  dams  to  create 
reservoirs  at  Lake  Winnibigoshish,  Leech  Lake,  Mud  Lake,  below  Ver- 

*  Section  2,  river  and  harbor  act,  approved  June  14,  1880,  says  this  amount  may  b« 
expended  bi  the  coniph'tion  of  the  reservoir  system  on  the  headwaters  of  the  Missis- 
sippi Kiver,  including  Rock  Eiver  in  Wisconsin  and  Illinois. 
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millioit  River,  at  Pokegama  Falls,  at  Gull  Lake,  and  at  Piue  River ; 
also  an  estimate  of  the  cost  of  maiatenance,  auderstauding  by  tbis  tbe 
necessary  repairs  for  tbe  first  tea  years,  and  ia  addition  an  estimate 
of  tbe  cost  per  aDnamof  operating  the  dams,  cost  of  telegraph  lines,  &c. 
There  appears  no  reason  for  changing  the  above  estimate,  excepting  in 
so  far  as  tbe  increase  in  prices  of  material  and  labor  since  then.  On 
acconnt  of  the  increase  in  prices  it  seems  pmdent  to  add  at  least  15  per 
cent,  to  the  above  estimates,  making  the  total  cost  of  tbe  dams  and  ap- 
purtenances $386,927.39,  and  the  cost  of  telegraph  lines,  including  bat- 
teries, &c.,  $15,525.  The  cost  of  repairs  for  the  first  ten  years  being 
ditQcult  to  state  with  anything  like  accuracy,  may  be  left  as  rendered  in 
lost  report,  as  well  as  tbe  cost  per  annum  ($7,840)  of  operating  tbe  sys- 
tem of  dams. 

Tbe  examinations  pertaining  to  the  sources  of  the  Mississippi  during 
the  past  season  have  mainly  consisted  in  meteorological  observations 
and  gaugings  of  tbe  flow  in  the  streams.  Three  meteorological  stations 
have  been  steadily  maintained,  viz,  one  at  Leech  Lake,  one  at  White 
Earth,  and  one  at  Ked  Lake,  tbe  latter  point  chosen  as  it  is  on  the 
"  divide"  of  the  wat«rs  flowing  into  Cass,  Winnibigosbish,  and  other 
lakes  supplj-ing  the  Mississippi  and  waters  flowing  into  the  Eed  River 
of  the  Korthj  the  annual  quantity  of  precipitation  decreasing,  as  may  be 
seen  by  an  inspection  of  tbe  tables  appended  to  this  and  also  my  last 
report,  as  we  go  north  and  west,  and  increasing  generally  as  we  go  east 
and  south  from  Red  Lake.  Before  the  establishment  of  these  meteoro- 
logical stations,  no  satisfactory  data  were  at  hand  upon  which  to  base 
estimates  of  the  supply  of  water,  the  only  method  being  to  Obtain  a 
mean  of  the  precipitation  recorded  for  a  number  of  years  at  military  and 
other  posts  in  the  regions  adjoining  the  area  of  country  under  consider- 
ation. The  computation  by  this  method  compared  favorably  with  that 
made  by  taking  tbe  low- water  discharges  of  the  streams,  so  far  as  coald 
be  done,  for  one  of  the  factors.  Tbe  average  annual  precipitation  for 
the  entire  area  was  assumed  at  25  inches,  and  0'.7  assumed  as  tEe  por- 
tion actually  finding  its  way  into  the  streams,  and  which  could  be  de- 
pended upon  to  subserve  the  purposes  of  the  reservoirs,  tbe  rest  sup- 
posed to  be  lost  by  evaporation,  infiltration,  demands  of  vegetation, 
&c.  Continuous  observations  at  these  stations  for  15  months  give  the 
following : 

Table  of  iiirhu  of  riii«faU  front  .Sepfember  1,  1878,  to  Dtcemher  1,  1879, 
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It  will  be  seen  by  inspection  of  the  above  table  that  the  rain&ll  at 
Leech  Lake  was  the  same  in  amoant  in  September,  1878,  as  in  Septem- 
ber, 1879  'j  that  in  October,  1878, 1.65  inches  more  were  recorded  than 
for  the  same  month  in  1879 ;  and  that  In  ^November,  1879,  0.05  incli  moro 
rainfall  was  measured  than  in  Kovember,  1878.  At  Eed  Lake  for  the 
months  of  September,  October,  and  November,  1878,  the  records  show, 
respectively,  3.28  inches,  1.95  inches,  and  0.06  inch ;  while  for  1879,  for 
the  same  months  and  in  the  order  named,  the  records  show  0.89  inch, 
2.19  inches,  and  0.18  inch. 

The  White  Earth  records  show  for  September,  October,  and  Novem- 
ber, 1878, 2.23  inches,  1.75  inchesi,  and  1.03  inches ;  while,  for  tiie  corre- 
sponding months  in  1879,  the  records  are  1.61  inches,  7.08  incheSj  and 
0.34  inch. 

The  mean  of  the  rainfall  at  these  stations  for  the  above-named  months 
of  1878,  is  1.85  inches,  while  for  the  same  period  in  1879  it  is  1.90  inches 
or  about  the  same  in  value.  An  unusual  quantity  of  rain  is  reported  to 
have  fallen  at  White  Earth  during  the  month  of  October  and  the  records 
confirm  the  statement.  For  purposes  of  calculation  of  the  snpply  it  will 
be  necessary  to  consider  the  rainfall  for  one  year,  and  the  period  from 
September  1, 1878,  the  earliest  date  at  which  reliable  observations  were 
commenced  at  the  White  Earth,  Leech  Lake,  and  Eed  Lake  stations  is 
accordingly  taken.    The  yearly  amount  at  each  of  the  above  is — 

Inche»' 

At  Leech  Lake 24.49 

AtRedl^ke 21.47 

At  White  Earth 30.17 

Mean =25.37 

By  glancing  at  the  map  it  will  be  seen  that  Cass  and  Wlnnibigoshish 
Lakes  are  nearly  equidistant  from  the  Red  Lake  and  White  Earth  sta- 
tions, ^nd  that  White  Earth,  although  in  the  watershed  of  the  Red 
River,  is  but  a  short  distance  from  Lake  Itasca.  Duluth,  also  a  meteo- 
rological station,  lies  about  110  miles  to  the  east  and  south  of  Lake  Wln- 
nibigoshish, but  its  rainfall  is  not  here  considered  on  account  of  the 
meteorological  conditions  of  that  station.  Pine  River  and  Gull  Lake 
are  about  midway  between  Leech  Lake  and  Fort  Ripley. 

Itaska,  Cass,  and  Wlnnibigoshish  Lakes  form  i)art  of  the  MississipiH 
proper.  For  the  Wlnnibigoshish  basin,  it  is  fair  to  assume,  for  the  rain- 
fall duiing  the  year  under  consideration,  a  mean  of  that  at  Red  Lake, 
White  Earth,  and  Leech  Lake,  or,  25.37  inches.  For  the  Leech  Lake 
basin,  we  take  its  own  record,  viz,  24.49  inches.  For  the  Mud  Lake, 
Vermillion,  and  Pokegama  basins,  the  Leech  Lake  record  will  apply,  as 
can  be  seen  by  inspecting  the  map.  For  the  Gull  Lake  and  Pine  River 
basins,  a  mean  of  the  precipitation,  as  recorded  at  Leech  Lake  and  Port 
Ripley,  is  assumed,  the  mean  being  25.9  inches.  For  the  entire  basin  of 
the  Mississippi  above  Saint  Paul,  the  mean  of  the  observations  for  the 
period  from  September  1, 1878,  to  September  1, 1879,  including  those  of 
Saint  Paul,  gives  20.36  inches,  and,  including  30.23  inches  at  Fort  Snell- 
ing,  for  the  same  period,  the  mean  is  about  28.34  inches.  This,  however, 
would  be  too  great  for  the  whole  basin,  on  account  of  the  proximity  of 
Fort  Snelling  to  Saint  Paul. 

It  is  apparent,  then,  that  the  value,  25  inches,  assumed  in  my  last  re- 
port, as  the  average  rainfall  over  the  entire  basin  is  within  safe  limits, 
and  that  the  calculations  based  upon  that  factor  need  not  be  changed. 

The  determination  of  the  available  amount  of  in^ecipitation,  that  which 
actually  finds  its  way  into  the  streams,  after  allowing  for  evax>oration, 
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I  &c.,  is  very  diJticiilt.  Obscrvatious  for  evaporation  hare  been  made  at 
the  tliree  metcoro]%ical  stations  establislied  neat  the  sources  of  the 
river^  as  well  as  some  at  Saint  Faol,  to  detfinalne  the  ratio  between 
the  evaporation  from  open  snrfaces  of  water  and  that  from  the  marsli. 
These,  together  with  accompanying  observations  for  temperature  and 
force  and  direction  of  wind,  afi'ord  some  data  applicable,  perhaps,  to 
particidar  cases,  but  of  Uttle  nse  in  determining  questions  covering  large 
areas  of  conntry  broken  by  marsh,  forest,  streamlets,  lakes,  &c.  Gang- 
ings  of  the  streams,  and,  especially,  of  the  main  stream,  to  which  the 
whole  area  is  tributary,  if  long  continued,  would  atford  means,  by  com- 
parison with  the  total  rainfall  in  any  one  year  multiplied  into  the  area 
of  watershed,  of  determining,  approximately,  the  amount  of  water  lost 
by  infiltration,  evaporation,  vegetation,  &c.,  although  not  the  araoimt 
due  to  each  item.  Again,"  some  of  tiie  small  lakes  contained  in  the 
watershed  have  no  visible  outlets,  although  large  portions  of  the  rain 
received  by  them  must  ei'entually  find  its  way  into  the  streams, 

Fortunately  our  meteorological  observations  since  Septtember,  1878, 
have  enabled  us  to  assign  a  mean  value,  with  confidence,  to  the  annual 
precipitation  for  the  entire  area  so  as  to  compare  measured  discharges 
of  the  river  during  a  considerable  period  of  time  at  Brainerd  and  Sauk 
Rapids,  and  thAeby  deduce  the  quantity  of  water  flowing  for  the  same 
period  past  Pokegama  Falls.  The  area  of  conntry  tributary  to  the  river 
at  Pokegama  Falls  is  3,0tio  square  miles;  the  area  tributary  to  the  river 
above  the  mouth  of  Crow  Wing  River,  just  below  Brainerd,  is  7,7-0 
square  miles ;  and  the  area  tributary  to  tlie  river  at  Sauk  kapids  is 
13,872  square  miles,  the  ratios  being  as  follows:  That  tributary  to  the 
river  at  Brainerd  to  that  tributary  at  Pokegama  Falls,  0.475,  and  that  at 
Sauk  Kapids  to  the  area  above  Pokegama,  U.2G4.  Aud  the  ratio  between 
the  area  tributary  U>  the  river  at  Sauk  Kapids  and  that  tributary  at 
Brainerd  is  about  0.r>57.  In  1875  a  series  of  gaugings  to  determine 
the  discharge  was  taken  at  Brainerd  and  Sank  Baplds,  and  at  other 
points  below,  from  which,  together  with  daily  observations  of  the  stage 
of  water,  was  deduced  and  plotted  for  each  point  a  curve  of  discharges 
covering  a  period  of  time  from  about  the  middle  of  April  to  the  middle 
of  October,  1 875.  The  measured  and  calculated  discharge  of  water  past 
Sauk  Kapids,  from  April  15  to  July  1,  1878,  was  155,158,120,000  cubic 
feet  of  water;  that  at  Brainerd  for  the  same  period,  89,502,240,000 
cubic  feet.  Now,  on  the  principle  that  if  the  rainfall  is  equal  over  the 
areas  tributary  to  the  stream  at  these  iioints,  the  quantities  of  water 
passing  the  two  points  should  be  proportional  to  the  ai-eas,  we  have 
the  proportion — 

7720  :  13S72  ; :  39,502,240,000  :  Q, 
Q  being  the  qnautity  of  water  flowing  past^ Brainerd. 

The  above  proportion  gives  for  the  value  of  Q  about  160,700,000,000, 
a  difference  from  the  measured  and  calciUated  volume  of,  in  round  num- 
bers, 5,500,000,000  cubic  feet,  a  percentage  of  less  than  4.  Tliis  close 
agreement  enables  us  to  use  the  coefficients  above  stated  for  the  calcu- 
latiou  of  the  discharge  past  Pokegama  from  the  measiirem'ents  at  Brain- 
erd and  Sauk  Kapids.  The  discharge  past  Brainerd  being  for  the  iieriod 
from  April  15  to  July  1,  inclusive,  89,562,240,000  cubic  feet,  we  have, 
after  multiplying  it  into  the  coefficient  0.473,  42,542,0(>4,000  cubic  feet 
as  the  quantity  passing  Pokegama  Falls  during  that  time. 

The  discharge  iiast  Saidt  Rapids  for  the  same  period  being  ]5i'J,15S,- 
120,000  cubic  feet,  we  have,  after  midtiplying  the  amount  by  the  coef- 
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licieiit  0.2G4,  40,901,743,630  cubic  feet.    Tlie  mean  of  the  two  would  be 
41,751,903,840  cubic  feet.  # 

Now,  prior  to  the  15th  of  April  there  was,  as  a  matter  of  coarse,  con- 
siderable water  passing  Pokegama  Falls,  for  the  discharge  could  not 
advance  from  zero  on  the  14th  of  April  to  10,400  cubic  feet  on  the  15th 
at  Brainerd,  nor  could  all  the  water  on  the  last-named  date  have  come 
from  the  water-shed  immediately  at  Brainerd.  The  quantity  of  water 
just  calculated  came  from  melted  snow,  early  spring  rains,  &c.,  the 
melted  snow  from  precipitation  during  the  whiter  months. 

From  December  10  to  April  1  we  may  regard  the  water  courses  as 
ice-bound  to  the  extent  of  admitting  but  a  very  slight  flow  of  water.  It 
would  be  a  small  estimate  to  allow  3,000  cubic  feet  per  second  as  pass- 
ing Pokegama  Falls  for  a  period  of  15  days  to  represent  the  total  quan- 
tity of  water  escaping  from  the  watershed  above  Pokegama  Falls  from 

December  10  to  April  15,  a  period  of  125  days,  or  per  second,  — -^xSluo" 
300  cubic  feet  per  second. 

The  reserV-ou'S,  if  operated  in  the  interest  of  na^igation,  would  seldom, 
if  ever,  be  opened  after  November  1.  It  would  not  require  less  than  15 
days  (probably  20  days)  for  the  waters  liberated  from  the  upper  reservoirs 
to  prove  of  effect  at  Saint  Paul.  Ilence  there  would  be  Uttle  occasion 
for  opening  the  gates  after  J^ovember  1.  An  inspectiott  of  the  gaagings 
of  the  streams  above  and  at  Pokegama  will  make  it  evident  thaj  we  are 
fully  justiiicd  in  assuming  a  mean  discharge  past  Pokegama,  from  No- 
vember 1  to  December  10,  a  period  of  40  days,  of  1,000  cubic  feet  of 
water  per  second.  Collecting,  then,  this  item,  and  the  3,000  cubic  feet 
per  second  for  the  15  days  in  April,  we  have  to  add  to  the  quanti^  de- 
duced from  measurements  (40,000+45,000)  x  86,400=7,344,000,000  cubic 
feet.  And,  for  the  entire  quantity  passing  Pokegama  Falls  to  be  im- 
pounded by  reservoirs,  we  have  41,751,903,840  cubic  feet  +  7,344,000,000 
cubic  feet  equal  to  49,095,903,840  cubic  feet.  This  is  the  quantity  for 
only  live  of  the  reservoirs. 

Turning  our  attention  now  to  the  proposed  reservoirs  at  Gull  Lake  and 
Pine  Kivor,  we  fin<l  (see  report  of  January  15, 1879)  that  the  supply  to 
those  reservoirs,  calculated  from  the  available  rainfall,  is  15,933,273,750 
i'ubic  feet.  But  our  calculations  for  the  reservoirs  above  Pokegsuna 
Falls,  based  upon  rainfall,  gives  71,052,999,653  cubic  feet,  as  against 
49,095,903,840,  or  about  one-third  more  than  by  the  calculations  in  this 
report.  Making  the  correction  and  allowing  for  the  capacities  of  the 
reservoirs,  we  have  for  Gull  Lake  and  Pine  Kiver,  in  round  numbers, 
(},7(K),000,000  cubic  feet  more,  and  this,  added  to  the  quantity  for  tihe 
five  reservoirs,  gives,  in  the  aggregate  for  the  entire  system  of  seven 
reservoirs,  55,795.903,840  cubic  feet  available  for  use  by  the  1st  of  July. 

This  calculation  Is  based  upon  severe  hypothesis;  but  even  supiM)sing 
tlie  quantity  just  named  to  be  all  that  can  be  impoimded,  it  will  give  us 
for  100  days  a  little  more  than  0,400  cubic  feet  per  second  as  an  incre- 
ment to  the  lower  river  after  July  1.  The  Pine  Kiver  reservoir  will 
furnish  a  small  surplus,  250  cubic  feet  per  second  for  100  days,  its  capa- 
city not  being  equal  to  the  supply,  which  surplus  was  not  considered  in 
the  above  aggi-egate. 

Now,  during  the  lowest  stages  of  the  navigation  period,  the  discharge 
of  the  river  at  Saint  Paul  is  not  less  than  5,800  cubic  feet  per  second, 
which  discharge  is  supplied,  in  small  part,  from  the  watershed  tributary 
to  Pokegama  Falls,  but  late  in  the  fall.  We  have  supposed  the  reser- 
voirs not  to  be  closed  after  the  1st  of  July.  The  average  discharge  past 
Saint  Paul  prior  to  this  low  stage  is  in  excess  of  5,800  cubic  feet,  and 
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it  woiilii  not  jjrobably  be  necessary  to  opeii  tlic  jx-dtiy-s  of  tlio  reservoirs 
before  Jiiljlo,  so  that  the  100  days'  increment  could  be  economized.  It 
is  cUiiiiie.d  by  some  tLat  miicli  of  the  increment  will  be  loBt  by  evapora- 
tion and  absorption.  Let  us  assnaie  tbat  for  100  days  tbe  evnporatiou 
is  at  tbe  rate  of  0.1  inch  per  day,  or  10  inches  in  all,  and  that  there  are 
no  diiys  of  no  evaporation.  If  the  increment  increases  the  average 
width  of  the  river  200  feet  (a  large  allowance),  we  would  have  as  the  loss 
by  evaporation  for  that  period  200  x  5,280  x  3S0  x  0.83  =  306,768,000 
cubic  feet,  or,  for  100  days,  about  35  cubic  feet  per  second.  Pokegama 
is  distant  about  350  miles  from  Saint  Paul  by  river. 

Absorption  is  a  more  difficult  factor  to  anive  at,  but  that  the  ground- 
water due  to  the  ijuautity  of  rainfall  not  regarded  as  available  for  the 
supply  of  the  watercourses  coidd  be  so  exhausted  as  to  admit  of  the 
abstraction  of  any  undue  (|uantity  of  wator  from  the  river  after  receiv- 
ing its  increment  from  the  reservoirs  is  out  of  the  question.  Besides, 
we  have  a  surjilHs  of  250  cubic  feet  per  second  fiom  the  Pine  Kiver  res- 
ervoir. 

We  can,  then,  adding  the  5,800  cubic  feet  of  water  passing  Saint  Paul 
at  lowest  stage  to  the  6,iO0  cubic  feet  from  the  reservoirs,  rely  upon  at 
least  12,200  cubic  feet  of  water  past  this  point  for  100  days  of  low- 
water  navigation,  and  this  is  witJiin  300  cubic  feet  per  second  of  the 
t|uantity  stated  in  my  last  report  and  based  upon  two  luethods  of  calcu- 
lation, each  dift'ering  liom  the  one  employed  in  this  report, 

The  year  1875  was  only  a  year  of  average  rainfall ;  so  was  the  year 
jireeeding  it.  The  mean  of  the  rainfall  at  Saint  Paul,  Fort  SnelUng, 
IJnlutb,  and  Pembina,  for  1874,  was  26.47  inches ;  for  the  same  stations 
in  1S75  it  was  24.63  inches;  for  1876,  27.14  inches;  and  for  1877,  28.61 
inches. 

Aa  to  the  utility  of  12,200  cubic  feet  of  water  per  second  for  100  days 
when  navigation  is  generally  impeded.  A  discharge  of  3,500  cnbic  feet 
per  second  above  IJrainerd  afi'ords  good  navigation  from  that  point  to 
Grand  Itapids,  a  distance  of  180  miles ;  12,000  cubic  feet  aftords  good 
navigation  upon  all  the  navigable  stretches  of  river  above  Minneapolis, 
not  including  those  portions  where  the  worst  rapids  exist ;  lumber  cam[>s 
have  been  largely  supplied  by  steamers  plying  from  Brainerd  north- 
ward ;  13,200  cubic  feet  of  water  per  second  is  more  than  double  the 
low-water  discharge  past  Saint  Paul.  The  stream  must  bo  deapieable 
whose  navigatiou  could  not  bo  assisted  by  doubling  its  lowest-water 
volume. 

A  discharge  of  22,200  cubic  feet  iier  second  at  Saint  Paul  woidd  prob- 
ably correspond  to  a  width  between  this  point  and  the  head  of  Ijake 
I'ejiiu  of  about  1,(H)0  to  1,500  feet,  excepting  in  some  few  case«  where 
large  groups  of  islands  ocenr.  At  Fridley's  Bar,  above  Minneapolis,  a 
gauging  in  1875  gave,  tor  a  discharge  of  16,876  cubic  feet,  and  stage  of 
the  river  3'.63  above  low-water,  a  mean  velocity  of  3'.04.  If  we  take, 
for  a  discharge  of  12,200  cubic  feet,  the  mean  velocity  at  3  feet,  and 
Avidth  at  1,000  feet,  we  have,  assuming  the  area  of  cross-section  to  be  a 
iL'Ctangle,  a  dejrth  of  about  i  feet.  But  the  cross-section  of  a  stream 
liofling  dirough  a  sandy  bed  does  not  approach  the  rectangular;  it 
vai-ies,  sometimes  approaching  the  parabolic,  and  sometimes  the  trian- 
gular. The  height  of  a  triangle,  having  a  base  of  1,000  feet,  and  area  of 
4,000  square  feet  =^^^  would  be  8  feet.  It  would  certainly  be  within 
safe  limits  to  say  that,  supposing  the  width  of  water  surface  to  bo  as 
liigh  as  1,500  feet,  the  ruling  depth  for  a  flow  of  12j200  feet  per  second 
would  be  at  the  least  4  feet.    The  Itock  Island  Uapids,  385  milea  below 


1596  REPORT  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ARMT. 

Saint  Paul,  have  been  improved  so  as  to  afford  a  depth  of  4  feet  at  low- 
water. 

The  head  of  Lake.  Pepin  is  about  55  miles  below  Saint  PanL  The 
Saint  Croix  Eiver  flows  into  the  Mississippi  aboat  30  miles  below  Saint 
Paul.  Its  measured  lowest- water  volume  is  about  3,000  cubio  feet  per 
second,  and  this  quantity  added  to  the  12,200  cubic  feet  will  increase  the 
depth  in  the  channel  below  the  junction,  and  whatever  increment  can 
be  added  to  that  volume  by  the  storage  of  water  in  reservoirs  vnXL  add 
to  the  beneficial  results. 

A  steady  flow  of  12,200  cubic  feet  per  second  above  Minneapolis  will 
render  unnecessary  most  of  the  wing-dams,  jetties,  and  other  works  re- 
ported as  necessary  for  the  imi)rovement  of  navigable  stretches  above 
that  place. 

The  establishment  of  reservoirs  at  the  sources  of  the  Mississippi  will — 

1st.  Benefit  navigation  from  Grand  Rapids  to  the  head  of  Jjake  Pepin. 

2d.  Render  valuable,  for  purposes  of  agriculture,  large  tracts  of  land 
between  Grand  Rg,pids  and  Fort  Riple}'. 

In  my  last  report  I  discussed  at  length  the  capacities  of  the  channels 
to  accommodate  the  impounded  water.  An  adequate  appropriation  to 
clear  the  river  of  snags  and  other  obstructions  would,  besides  benefit- 
iuff  navigation  above  Brainerd,  facilitate  the  flow  of  water. 

The  report  of  January  15, 1879,  which  shotild  be  considered  in  connec- 
tion with  this  report^  recommended  an  appropriation  of  $70,000  for  the 
erection  of  a  dam  at  Lake  Winnibigoshish  to  test  the  system  proposed. 
On  account  of  advance  in  prices  of  material  and  labor,  I  would  increase 
that  estimate  to  $80,000 ;  also  because  the  "  jjlant '^  necessary  would  be 
nearly  the  same  as  that  required  for  the  construction  of  the  entire  sys- 
tem. Ko  material  benefits  to  navigation  coidd  accrue  from  a  single  dam 
and  reservoir,  and  unless  the  entire  system  proi>osed  be  eventually 
adopted  the  establishment  of  a  Solitary  reservoir  would  be  useless,  ex- 
cepting as  a  demonstration  of  the  feasibility  of  the'  reservoirs. 

The  Mississippi  River  below  Saint  Paul  is  not  under  my  charge,  but 
it  is  necessary  to  touch  upon  it,  as  the  act  of  Congress  onlering  the  ex- 
aminations and  surveys  lor  reservoirs  reads : 

The  examination  of  the  sonrces  of  the  Mississiijpi  River,  and  of  the  Saiut  Croix 
River  in  WiHConsin  and  Minnesota,  and  of  the  Chippewa  and  Wisconsin  Rivers  in  the 
State  of  Wiscfnisin,  to  determine  the  jn'acticability  an<l  cost  of  creating  and  main- 
taininj^  n^servoirs  npon  the  h(?a(UvaterH  of  said  rivers  and  their  tributaries,  for  the 
imi*pose  of  reynhitin*?  the  vohinie  of  \vat(;r  and  improvinjij  the  navigation  of  said 
rivei*8  and  that  of  the  Mississippi  River,  and  an  estimate  of  the  damage  to  result  there- 
from to  x)ro}»erty  of  any  kind. 

The  locations  and  dimensions  of  the  several  dams  proposed  provide,  tis 
much  as  possible,  against  any  increase  in  surface  subject  to  evaporation, 
and  against  undue  overflow  of  a<ljoining  lands.  .  The  height  of  the  pro- 
posed dam  at  Pokegama  Falls  is  limited  b}'  the  height  of  the  banks  at 
the  southern  end  of  Pok(!!gaina  Lake. 

As  noted  above,  the  rainlall  over  the  entire  watershed  for  the  mouths 
of  July,  August,  September,  and  October  has  been  left  out  in  the  cal- 
culations of  the  (piantity  to  be  impounded  by  July  1,  allowing  this  for 
ordinary  and  low-water  discharge  of  the  river  during  those  months. 
The  mean  discharge  during  these  tour  months  due  to  the  rainfall  is  con- 
siderably in  excess  of  5,800  cubic  tret. 

With  this  roi)ort  are  inclosed : 

1.  Tracing  showing  i)rop()sed  system  of  r(»servoirs  above  the  Falls  of 
Pokegama. 

2.  Tra(nng  showing  the  locations  of  all  the  dams  proposed  for  the 
sonrces  of  the  Mississippi. 
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3.  I'lottiugs  of  gauge  ruadiiiKS  in  1879  at  Saint  Paul,  Biaiiienl,  Falls  of 
Saiut  Authony,  Aitkin,  Sauk  Bapids,  Loech  Lake. 

4.  Report  of  Assistant  J.  D.  Skiuner,  under  date  of  December  1, 1879, 
^vith  appended  tables  of  rainfall,  evaporation,  and  discharges  of  streams. 

5.  Table  of  lands  liable  to  be  overflowed,  stating  those  portions  that* 
Iiiive  been  entered.  This  list  is  thoughtto  be  quite  correct  for  the  area 
iibove  Pokegama  Falls.  For  the  Gull  Lake  and  Pine  Kiver  reservoira 
they  are  only  appioximately  eorreet, 

Further  examination  will  be  made  a«  soon  as  practicable,  and  the 
results  reported. 

Very  resiwctfully,  yonr  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  E>tyiiieer». 
JJrig.  Qen.  II.  fi.  WuiGHT, 

Chief  of  Engineers,  f.  8.  A, 


EKGiNKUtt  OVFicE,  L'.viTBD  States  Abmy, 

Saint  Paul,  Deeemlxir  1,  lETTS. 
>r;  I  hnve  thcliotior  tii  Hiibmlt  tlic  foUaniug  report  of  work  done  on  the  bead- 
H  of  tho  MiBnissippi  River  during  the  current  year,  with  a  view  to  perfeuting 
■  completing  tlie  Hurvcys  and  other  work  of  1S74  aod  lout  year,  whoae  oliject  was  to 


1  locateid  gyatem  of  POHcrvoira  was  so  far  eonniletad  last  yearaa  tn  leave  nothing  uu- 
_fte,  except  fiirther  gangings  of  the  Mississippi  JJiver,  wluch  the  oarly  closing  of  the 
liver  prevented  in  the  fall  of  1878. 

Thesv  have  been  modo  with  most  satisfkctory  resnlts,  afTordinK  a  complete  set  of 
high  and  tow  water  ganmngb,  from  Leech  and  Winnililgoshish  Lakes,  as  tar  down  as 
Aitkin  on  the  Northern  Pacific  Railroad.  The  former  gaiigingB  were  made  in  1874, 
when  the  river  was  at  a  high  stage,  and  the  latter  In  ISTB  ana  187^,  the  river  being 
very  low,  and  at  about  the  same  fltage  during  each  of  the  latter  years. 
.  The  ratio  between  the  discharges  at  the  different  stages  and  at  the  same  plaoea, 
attests  the  correctness  of  the  work.  This,  by  refetring  to  the  annexed  table  of  dis- 
charges, will  be  seen  to  be  very  ouiform ;  the  height  above  low-water,  noted  in  the 
table,  boiogtaken  int«  consideration. 

The  three  metcoiological  stations,  at  Red  and  Leech  Lakes  and  at  Wlute  Earth,  have 
been  maintained,  and  observatioas  for  raiutull,  evaporation,  and  temperature  have 
been  regalarly  tiUten. 

The  reeords  of  rainfall  and  temperature  are  unbroken  since  September  1,  of  lost 
year,  and  the  evaporation  lor  each  day,  when  no  ice  had  formed,  has  also  been  kept. 

The  rainfall  for  the  year  extendine  Jrom  Septemlier  1,  1S7I^,  to  September  1,  1879. 
Saint  Paul  being  included  with  the  above  stations,  gives  an  average  of  2(].3G  inches, 
as  will  be  seen  by  reference  to  the  annexed  table. 

'When  it  is  coosidurod  that  tho  summer  nionCbs  were  unusually  rainy,  the  average, 
taken  lost  year  from  former  reports  and  slightly  reduced  for  safety,  {.  e.,  25  inches, 
woold  seem  to  be  borne  out  by  this  year's  observations. 

I  think  there  is  no  reason  to  change  last  year's  compntatioDs. 

Besides  the  regular  observations  for  evaporation,  which  were  made  in  the  osuat 
zinc  pons  with  scale  and  micrometer  screw  attached,  another  set,  during  the  mouths 
of  September,  October,  and  November,  1979,  was  carefnlly  taken  in  Saint  Panl,  to  do- 
termiuc  tho  coefUcient  to  be  applied  to  the  readings  of  exposed  pans,  to  reduce  them 
to  the  natural  evaporation  from  a  pond  or  lake,  which  has  only  its  snrface  exposed  to 
the  action  of  the  sun  and  wind,  while  the  pan  lias,  in  addition,  its  bottom  and  outside 
snrfocQ  so  exposed.  To  obtain  this,  one  pan  was  placed  as  nsaal  and  another  was 
buried  to  Its  rim  in  earth,  whicb  was  kept  moist,  and  whose  snrface  was  covered 
with  tliin  grnsB.    These  were  regularly  read  and  resnlts  compared. 

The  coefficient  so  obtained  was  0.78 ;  but  when  I  reflected  that  the  observations 
did  not  begln.antil  September,  and  that  the  summer  and  spring  months,  when  a  greater 
""**         10  might  naturally  bn  expected,  "*..*  icfit  ^^t  r  .i»*...-......».i  i^  ^^.i„^,^tt,i^  *^n  t 
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The  results,  tliis  opefficient  being  applied  to  the  readings  in  the  annexed  table,  are 
for  mean  daily  evaporation. 

Inehet 

*Saint  Paul,  September  to  November,  1879,  iuclusivo 0.111 

.White  Earth,  April  to  November,  1879,  inclusive 0.142 

Red  Lake,  May  to  November,  1879,  inclusive 0. 112 

Leech  Lake,  April  to  November,  1879,  inclusive 0. 087 

When  the  difterent  periods  of  time  and  the  varying  latitudes  and  aitoations  of  the 
stations  are  considered,  I  do  not  think  the  above  results  will  be  found  very  incon- 
sistent.    Another  year's  observations  will,  however,  determine  this. 

In  my  last  year's  repoit  I  aHsnmed,  from  what  data  we  then  had,  '' at  least  0.1 
inch"  as  the  average  daily  evaporation  from  April  1  to  November  1.  The  above  re- 
sults would  seem  to  justify  that  assumption,  the  mean  being  0. 114  inch. 

I  annex  the  following  tables  : 

I.  Discharge  of  the  Upper  Mississippi  River  at  different  points  for  the  years  1874, 
1878,  and  1879. 

II.  Monthly  rainfall  iiom  September  1,  1878,  to  September  1,  1879,  with  total  for 
year  at  Leech  Lake,  White  Earth,  Red  Lake,  and  Saint  Paul.  Also,  the  same  from 
September  1,  1878,  to  December  1,  1879. 

III.  Mean  daily  evaporation  for  1879,  from  April  to  October,  both  included,  from  re- 
corded readings. 

IV.  Observations  to  detenuine  coefficient  to  bo  applied  to  exxM)8ed  evaporator,  taken 
at  Saint  Paul  during  September,  October,  and  November,  1879. 

Tliere  is  also  attached  a  tracing,  showing  the  location  and  height  of  the  differed 
dams,  the  slope  of  the  river,  the  level  of  the  reservoirs,  and  the  general  features  of  the 
country. 

The  question  has  been  asked  why  it  is  not  possible  to  build  a  single  dam  at  Pokegama 
Falls,  which  would  answer  the  purposes  of  the  system  recommended.  This  question 
will  be  found  partially  answered  in  Colonel  Farquhar*8  report  of  1875,  and  in  last 
yearns  report.  It  can  further  be  safely  said  that  the  exx)ense  of  such  a  dam,  were  it 
practicable,  with  the  attendant  dike  at  the  southeast  end  of  Pokegama  Lake,  would 
vastly  exceed  the  cost  of  the  present  system.  Besides,  ^eat  danger  at  the  dike  would 
result  from  the  construction  of  the  daiii.  There  an  accident  would  be  fatal,  whereas 
any  damage  at  the  x^roposed  dams  would  be  insigniticant  and  easily  repaired. 

Further,  an  attempt  to  tiow  to  any  extent  the  natural  reservoirs  at  Leech  and  Win- 
nibigoshish  lakes  would  be  an  absurdity,  as  a  glance  at  the  accompanying  profile 
will  show.  The  country  below  is  thit  for  the  most  part,  and  the  banks  of  the  river  are 
low,  and  these  when  overllowed  afford  access  to  immense  swamps. 

With  such  a  dam  the  country  would  be  a  large  sea,  dotted  with  islands  for  a  g^at 
distance  each  side  of  the  river ;  and,  leaving  evaporation  out  of  the  question,  there 
would  not  be  water  enough  from  the  whole  watershed  (in  all  probability)  to  accom- 
plish such  a  result.  Of  course,  the  exact  extent  of  such  flowage  can  only  be  ascertaine<l 
by  further  dillicult  and  expensive  surveys. 

But,  further,  the  evaporation  over  such  a  vastly  increased  area  would  be  the  source 
of  an  immense  loss,  not  b'ss  than  25  inches  probably,  over  its  whole  extent,  while  in 
the  case  of  the  proposed  reservoirs  the  overllowed  surface  (see  large  map)  is  but  little 
increased,  while  tlie  deplh  is  largely  so.  The  increase  of  loss  by  evaporation  is,  there- 
fore, so  small  as  to  be  of  no  moment.     (See  reports.) 

And,  further,  the  dauiag*  s  to  proi)erty  that  would  be  caused  by  such  an  overflow 
would  be  large.  The  lands  along  the  river  and  its  tributaries  are  owned  to  a  large 
extent  by  lumbermen,  who  carry  on  an  extensive  business.  Many  of  their  pine  lands 
would  be  overflowed,  and  whether  the  timber  on  them  ha<l  been  cut  off  or  not,  thev 
would  be  sure  to  claim  large  damages.  Their  meadows  would  be  entirely  destroved. 
In  fact,  any  interest,  Indian  or  otherwise,  near  the  river  or  its  tributaries,  would  bo 
completely  ruined^  while  under  our  system  but  little  damage  would  ensue,  and  none 
whatever  to  any  timber  lands. 

The  above  are  some  of  the  objections  to  a  high  dam  at  Pokegama  Falls,  were  it 
practicable,  and  they  seem  to  me  to  be  unanswerable. 

The  final  report,  to  which  this  is  ]>reliminary,  with  full  estimates  for  dninn,  and 
which  there  has  been  no  time  to  make  up,  will  be  submitted  later. 

Respectfully  submitting  the  above,  I  am, 
Very  respectfully,  your  obedicMit  servant, 

James  1).  Skinxkr, 

Jmtistant  Engineer, 

Maj.  CiiAs.  J.  Allkx, 

Captaxiij  Corps  of  Engineei'Sy  (\  S,  A, 


•Observations  for  coefficient  multiplied  by  0.7. 
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Date. 


Discharges  of  the  Mississippi  and  Leech  Lalce  Rivers. 


1874. 

Sept  8 

Aug.  22 

15 

Sept  26 


Oct  12 
15 
20 
27 

Nov.  3 
1878. 

Oct  14 
16 

Sept  21 
23 

Oct  21 

26 
1879. 

Oct  15 


Oct.   18 


Oct.  20 


Ilciglit  alMJve  low 
water. 


Above  Cass  Lake 

Below  Cass  Lake 

First  station,  Leech  Lake  Biver 

Second  station,  Leech  Lake  Biver 

Mississippi  Biver  below  Junction  with 
Leech  Xake  Biver. 

Above  Poke^ma  Falls ..% 

Below  Grana  Bapids 

Below  Swan  Biver ' 

Below  Sandy  Lake  Biver 

Below  WiUow  Biver 


Mean  high- water 
L855 
1.536 

Meon  high- water 
3.901 


482 

443 

544 

1,427 

1,197 


Below  Lake  Winnibigoshish 

do 

First  station.  Leech  Lake  Biver . . . 

do 

Above  junction  Leech  Lake  Biver 
Below  Junction  Leech  Lake  Biver . 
Below  Vermillion  Biver , 


2. 561       849 
Mean  high-water      731 

....do .....11,513 

....do il,738 

do 1,822 


Mean  low-water. 


561 
678 
415 
474 
342 
672 
986 


Below  Grand  Bapids : 
First  observation 


0.4  below  mean 
I      low-water. 

Second  observation : do 

Third  observation do 

Fourth  observation do 

Below  Sandy  Lake  Biver : 
First  observation 


Second  observation  ... 

Third  observation 

At  Aitkin,  Minn. 
First  observation 


Second  observation 
Third  observation  . . 
Fourth  observation 


0.3  below  mean 
low-water. 

...do 

...do 


0.2  below  mean 
low-water. 

...do 

...do 

...do 


853.3 

853.3 
853.3 
853.3 

938.6 

93a  6 
93&6 

996.7 

996.7 
996.7 
996.7 

2 


L074 
2.012 
1.121 
0.833 
L636 


517.0 

89L0 

610.0 

1, 239.  0 

1, 958. 0 


2.914  2,474.0 
3.454  2,525.0 
1.9r»  2,969.0 
1.696  2,946.0 
2.077   3,784.0 


0.965 
0.808 

0.  729 
0.605 

1.  821 
1.354 
0.936 


LlOl 


541.0 
54a  0 
303.0 
226.0 
622.0 
909.0 
922.0 


941. 


1.249   1,011.0  I  S  069.0 


n  1  V 


1.221 
L151 

1.149 


990. 
934. 


1.738 

L748 
L738 


.0    J 

1, 07a  0  '  1 

,  190.  0     I 
,209.0    J 


L267   1,190.0 
1. 288 


1159.  0 


1,732.0  ; 

1, 742. 0 
1, 732. 0 


L772  jl,  766.0 


>  1743.0 


Monthly  rainfall  from  September  1,  1878,  to  September  1,  1879,  with  total  for  year,  at  Leech 

Lake,  fVhite  Earth,  lied  Lake,  and  Saint  Paul,  Minn. 


1878. 


1879. 


• 

September. 

1 
4.00 

1 
i 

0.20 

o 

w      December. 

o 

o      January. 

o 

o      February. 

M 
^ 

May. 

June. 

July. 

August 

1 

-a 

1 

Leech  Lake,  Minn. 

2.18 

L60 

0.70 

5.15 

4.50 

3.81 

2.05 

24.49 

Bed  Lake,  Minn... 

3.28 

L95 

0.06 

0.95 

0.50 

1.10 

0.42 

0.96 

2.19 

4.63 

3.23 

2.20 

21.47 

White  Earth,  Minn 

2.23 

L75 

L03 

0.54 

0.10 

0.51 

0.42 

L08 

1.86 

6.97 

7.08 

6.60 

30.17 

Saint  Paul,  Minn.. 

2.13 

1.85 

0.61 

1.04 

0.11 

L12 

0.97 

0.45 

7.18 

L76 

9.32 

2.78 

29.  32 

Monthly  mean .... 

2.46 

2.39 

0.47 

0.71 

0.18 

0.68 

0.85 

0.80 

4. 10     4. 47 

5.86 

3.41 

Mean  yearly  rainflEdl,  26.36. 
Monthly  rainfall  at  Breckinridge,  Minn.,  from  January  1, 1877,  to  November^,  1879,  inclushf 


1877 
1878 
1879 


• 

b 

>> 

S3 

el 

c 

^ 

d 

U 

g 

1 

1 

1^ 

0.03 

0.01 

0.30 

0.06 

0.18 

4.07 

0.05 

0.40 

0.25 

< 

2.08 
7.77 
LD4 


1 

May. 

d 

1 

^ 

2.81 

7.44 

6.54 

2.77 

7.01 

3.82 

5.42 

2.68 

8.78 

4i 


3.36 
3.83 
2.04 


1 

ti 

ptem 

1 

£ 

6 

1 

,  2.50 

2.85 

1.49 

3.18 

2.36 

0.79 

1 

o 
JZ5 


J 
S 


0.29 
1.38 
0.29 

L17 
0.16 

29.38 
35.  72 

*  During  the  first  28  days. 
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Table  of  lands  Hahle  to  he  cverjhwed  by  the  construction  of  reservoirs  at  the  sources  of  the 

Mississippi  River, 

[Omitted.    See  House  Ex.  Doc.  No.  39,  Forty-sixth  Coogress,  second 
8388ion,  pp.  13-17.] 


exami]s"ations  and  surveys   at  headwaters  of  saint  croix, 

chippewa,  and  wisconsin  rivers. 

Engineer  Office  United  States  Army, 

Saint  Paul,  January  16, 1880. 

General  :  I  have  the  honor  to  submit  the  following  progress  report 
of  the  examinations  and  surveys  at  the  headwaters  of  the  Saint  Croix, 
Chippewa,  and  Wisconsin  rivers,  made  with  a  view  to  determining  the 
feasibility,  cost,  &c.,  of  constructing  and  maintaining  reservoirs  for  the 
improvement  of  those  streams  and  the  Mississippi  Eiver,  in  accordance 
with  the  acts  of  Congress  approved  June  18, 1878,  and  March  3, 1879, 
and  in  continuation  of  my  report  of  December  12, 1879. 

Three  parties  were  placed  in  the  field  last  June,  and  they  completed 
most  of  the  necessary  field  work  by  the  middle  of  !N'ovember. 

The  first  party,  under  Assistant  Vine  D.  Simar,  chief  of  party,  and  As- 
sistants R.  Davenport  and  G.  W.  Carrington,  was  charged  with  the  com- 
pletion of  the  examinations  at  the  sources  of  the  Saint  Croix  Eiver  (Min- 
nesota and  Wisconsin),  begun  last  year  by  the  paity  under  Assistant 
Treherne. 

The  second  party,  under  Asistant  Archibald  Johnson,  chief  of  party, 
and  Assistants  G.  O.  Foss  and  G.  M.  Willis,  was  charged  with  the  nec- 
essary examinations  and  surveys  of  the  East  and  West  Forks  of  the 
Chipi)ewa  River,  of  the  Courtes-Oreilles  River  and  Lake,  and,  generally, 
of  examinations  as  far  down  as  Chippewa  Falls  on  the  Chippewa  River. 

To  the  third  party,  under  Assistant  James  D.  RajTiolds,  chief  of 
party,  and  Assistants  W.  S.  Morton  and  J.  D.  Mason,  was  assigned  the 
completion  of  the  survey  and  examination  of  the  headwaters  of  the  Wis- 
consin River,  begun  late  in  1878  by  Assistant  Charles  Wanzer;  and 
also  the  completion  gf  the  surveys  of  the  Xorth  and  South  Forks  of  the 
Flambeau  River,  the  main  tributary  to  the  Chippewa,  begun  in  1878  by 
Assistant  J.  H.  Dager.  These  gentlemen  have  all  acquitted  themselves 
well  of  the  duties  with  which  they  were  charged,  and  are  entitled  to  my 
thanks  for  the  energy  and  zeal  displayed  by  them. 

These  examinations  were  all  similar  in  character  to  those  described  in 
my  report  of  January  15,  1879,  involving  the  running  of  flowage  and 
contour  lines,  selection  and  surveys  of  damsites,  lines  of  level  connect- 
ing important  points  with  the  sea  level,  gauging  of  streams  at  different 
stages  whenever  possible,  the  collection  of  information  relating  to  prop- 
erty liable  to  be  damaged  by  overflow,  and  all  other  information 
attainable  bearing  u]>on  the  subject  in  hand.  Several  meteorological 
stations  were  established  early  in  the  season,  and,  although  the  records 
to  date  do  not  cover  an  entire  year,  our  stock  of  information  as  regards 
the  rainfall  of  this  region  has  been  materially  added  to. 

This  report  is  intended  to  be  taken  in  connection  with  my  report  of 
January  15  last. 

headwaters  of  the  saint  CROIX  RIVER. 

The  report  of  January  15,  above  alluded  to,  gives  a  general  descrip- 
tion of  the  Wisconsin  watershed  of  the  Saint  Croix.    The  principal  af- 
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fluents  from  the  Minnesota  watershed  are  the  Snake,  Kettle,  and  Tama- 
rac  rivers.  From  the  Wisconsin  side  the  principal  aiGElaents  are  the 
Eau  Claire,  Totogatic,  Namakagon,  Yellow,  and  Clam  rivers. 

Preliminary  to  the  operations  this  year,  a  line  of  levels  was  run  firom 
Hush  City  on  the  line  of  the  Saint  Paul  and  Duluth  Railroad,  starting 
from  a  point  at  a  known  elevation  above  Lake  Sui>erior  and  the  sea,  and 
carried  to  the  bench  marks  established  last  year  at  the  Upper  Lake  Saint 
Croix,  and  the  Totogatic  and  Yellow  rivers;  thence  up  the  Kamakagon 
River  to  the  Little  Pak-wa-wance,  and  thence  across  the  country  to  the 
Totogatic  bench  marks,  checking  at  the  end  very  closely. 

The  work  accomplished  was  as  follows: 
On  the  main  Saint  Croix: 

Selection  and  survey  of  a  dam-site  above  the  mouth  of  Kettle  River 
and  gauging  the  discharge  of  the  stream. 
On  the  tributaries: 

Selections  and  surveys  of  dam-sites,  as  follows: 

One  site  on  the  Ehu  Claire  River. 

Two  sites  on  the  Totogatic  River. 

Two  sites  on  the  Yellow  River.* 

Resurvey  of  Yellow  Lake  dam-site: 

Surveys  of  two  sites  on  the  Xamakagon  River. 

Survey  of  one  site  on  the  Clam  River. 

Surveys  of  two  sites  on  the  Snake  River,  in  Minnesota. 

Kettle  and  Tamarac  rivers,  in  Minnesota,  were  also  examined,  but  no 
available  sites  for  dams  were  found. 

*  All  the  streams  were  gauged  more  or  less  for  discharge  in  the  vicin- 
ity of  each  selected  dam-site,  in  order  to  obtain  not  only  an  idea  of  the 
amount  of  water  flowing  per  second,  but  also  an  idea  of  the  proportion  of 
the  rainfall  that  actually  finds  its  way  into  the  streams,  after  dedncting 
the  losses  by  evaporation,  infiltration,  absorption,  &c. 

The  results  obtained  indicate  tliat  above  one  third  of  the  annual  rain- 
fall actually  finds  its  way  into  the  streams,  and  calculations,  based  upon 
one-third  and  also  upon  one-fourth  of  the  rainfall,  have  been  made,  and 
are  submitted  in  the  acconii)anying  tables.  In  the  calculations  it  id 
assumed  that  the  reservoirs  will  bo  closed  from  the  latter  part  of  No- 
vember to  the  3()tli  of  June,  although  it  is  not  likely  that  it  will  be  nec- 
essary to  open  their  gates  to  the  full  capacity  before  the  latter  part  of 
July.  As  the  result  of  our  investigations  both  in  Wisconsin  and  Min- 
nesota, the  above  named  factors  are  taken  to  represent  that  iwrtion  of 
the  annual  rainfall  that  can  be  stored,  from  the  watersheds  tributary  to 
the  reservoirs,  in  the  reservoirs,  between  the  close  of  November  and  the 
1st  of  July  following;  and  these  factors  are  used  generally  in  all  the 
computations. 

The  conditions  for  storing  water  on  the  Saint  Croix  ai'C  more  favora- 
ble than  1  ex])ected.  The  surpkis — uiulerstanding  by  this  term  the 
excess  of  the  sui)ply  of  water  over  the  capacities  of  the  I'eservoirs — ^is 
about  60  per  cent,  of  the  entire  supply  derived  from  the  watershed 
tributary  to  the  stream  at  a  point  just  below  the  mouth  of  Snake  Rivw. 
We  thus  have  about  GO  per  cent,  of  the  entire  supply  above  this  point, 
besides  the  whole  of  that  derived  from  the  drainage  area  l)etween  the 
mouth  of  Snake  River  and  Taylor's  Falls,  a-d  the  entire  supply  from  a 
watershed  of  about  1,000  scpiare  milrs  below  the  falls,  to  meet  the  de- 


*  riii'so  WLTi"  HiippUMiioiitarv  to  tliti  tlirco  i^itos  Hclof-ttMl  ami  reported  upon  iu  iiiy  lart 
report,  ami  are  designed  to  ntain  a.s  nmch  as  ]K)ssible  of  the  HiirpluH  water  mentioned 
in  that  report. 
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•mands  of  tbe  navigable  strotcli  below  Tayloi^'s  Fails,  iudepeudently  of 
the  reservoirs. 

The  diiiiiB  found  practicable  from  the  soiveys  of  tliie  and  last  aoason 
are,  if  wo  !i8smiie  une-third  tbe  rainfall  for  our  factor : 

1.  At  the  outlet  of  the  Eaii  Claire  Lakes.  A  dam  at  this  ))oiut, 
■^ixed  to  a  height  of  12  j  feet  above  low-wat«r,  with  a  reservoir  capacity 

"tf  901,045,400  cubic  feet,  equal  to  124  cabio  feet  of  water  per  secoud  for 
m  days.  To  cost  $9,633. T^J.  The  surplus  is  124,ull,(}80  cubic  feet,  wbicli 
surplitfl  is  to  be  collected  at  some  point  below. 

2.  Below  the  Upper  Lake  Saint  Croix,  on  the  Saint  Crois  River,  aboat 
1  mile  below  wbat  is  known  as  tbe  Big  Dam.  A  dam  at  tbis  point,  raised 
to  a  height  of  2i\  feet  above  low-water  surface,  will  aU'ord  a  reservoir 
capacity  of  4,698,269,800  cubic  feet,  a  quantity  of  water  equal  to  a  flow 
of  004  ciibic  feet  per  second  for  90  days,  and  will,  in  addition,  take  up 
the  surpimn  from  the  Eau  Claire  Lakes.    To  cost  994,.319.5a, 

3.  Un  tlie  Upper  Totogatio,  near  the  "  Old  Dam."  A  dam  can  be  built 
here  at  a  height  of  12  J  feet  above  low- water  surface,  aflbrding  a  reservoir 
capacity  of  1,388,605,680  cubic  feet,  representing  a  flow  of  178  cubic  feet 
per  second  for  90  days.    No  surplus.     To  cost  *7,482,3S. 

4.  Below  Gilmoi'e  Lake,  on  tbe  Totogatio  Kiver,  a  dam  30  feet  in  height 
will  create  a  reservoir  of  2,881,095,000  cubic  feet  capacitj',  representing 
a  fl<»w  of  370  cubic  feet  per  second  for  90  days,  Tlie  surplus  from  this 
reservoir  is  2, 170,209,720  cubic  feet  of  water,  to  be  retained  at  some  other 
point.    To  cost  «21,876.65. 

n.  On  tlie  Ivower  Samakagon,  about  4  miles  above  its  wnfiueuce  with 
tlie  Saint  Ci-oix  River,  a  dam  can  be  established  to  create  a  reservoir  of 
1,541,016,900  cubic  feet  capacity,  representing  198  cubic  feet  per  second 
for  90  days.    (See  No.  7.) 

6.  On  the  Namakagou,  near  Veazie's  Ranche,  adam31^  feet  in  height, 
reservoir  capacity  resulting  1,379,393,850  cubic  feet,  equal  to  177  cubic 
feet  per  second  for  90  days.  To  cost  t.32, 762.75.  The  surplus  at  this 
point  is  7,129,093,830  cubic  feet. 

7.  On  the  Lower  Namakagou,  1  mile  below  the  confluence  of  the  Toto- 
gatio with  this  stream,  a  dam  41  feet  in  height  will  create  a  reservoir, 
by  ponding  back  into  both  the  Totogatic  and  Namakagou  rivers,  of 
3,082,033,.S20  cubic  feet  capacity,  equal  to  396  cubic  feet  per  second  for 
90  days.  This  dam  has  been  alluded  to  as  No.  5,  when  taken  with  refer- 
ence to  the  Totogatic  alone.  It  is  bere  considered  as  forming  the  dis- 
tributing reservoir  for  the  Totagatic  and  Namakagou  systems,  in  which 
case  its  surplus  is  1,055,120,740  cubic  feet  of  water.    To  coat  $43,610.45. 

8.  Mud  Lake,  on  tbe  Upper  Yellow  River.  A  dam  6  feet  in  height 
above  low-water  will  create  areservoir  of  396,377,420  cubic  feet  capacity, 
representing  a  flow  of  51  cubic  feet  per  second  for  90  days.  To  cost 
$  1,200.  8uri)lus,  140,281,780  cubic  feet.  A  sluicing  dam  exists  at  this 
poiut,  and  the  above  estimate  is  simply  for  raising  and  repairing  it. 

9.  On  the  Yello?  River,  below  Rice  Lakes,  a  dam  25J  feet  iu  height 
above  low-water,  aflbrding  a  re8er\oir  capacity  of  2,474^944,500  cubic 
feet,  can  be  estatjiislied,  with  surplus  of  149,806,860  cubic  feet.  Flow 
per  second  for  90  days,  318  cubio  feet.     Dam  to  cost  |33,206.70. 

10.  On  the  Yellow  River,  below  Yellow  Lake,  A  dam  20  feet  in  height, 
residting  reservoir  capacity  3,402,712,000  cubic  teet,  representing  438 
cubic  feet  per  second  for  90  days,  no  surplus,  to  cost  $15,403.92,  can  be 
established  This  dam  can  be  further  raised  10  feet.  About4,000huear 
feet  of  diking,  to  cost  about  $10,000,  will  be  neci-ssary  iu  this  case,  and 
increase<l  cost  of  dam  also  $10,0l>l). 

11.  On  the  Clam  River,  below  Clam  Lake,  a  dam  26  feet  high,  afford- 
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ing  4,670,786,500  cubic  feet  reservoir  capacity,  with  snrplus  of  861,681,980 
cubic  feet,  cau  be  built.  The  reservoir  capacity  corresponds  to  a  flow  of 
602  cubic  feet  per  second  for  90  days.    To  cost  $27,217.33, 

12.  On  the  Saint  Croix  proper,  above  the  mouth  of  Kettle  Eiver,  a 
dam  23^  feet  high  above  low- water  can  be  established,  creating  a  reser- 
voir of  2,709,500,000  cubic  feet  capacity,  the  volume  corresponding  to  a 
flow  of  349  cubic  feet  per  second  for  90  days.  To  cost  $60,444.76.  Sur- 
plus of  water,  17,390,826,400  cubic  feet.  This  dam  is  to  retain  some  of 
the  surplusage  trom  reservoirs  above  it 

13.  A  dam  on  the  Ground  House  River  tributary  to  the  Snake  River, 
in  Minnesota,  to  retain  a  portion  of  the  surplus  water  of  the  Lower 
Snake,  20  feet  in  height,  resulting  reservoir  capacity  1,045,440,000  cubic 
feet,  corresponding  to  a  flow  of  134  cubic  feet  per  second  for  90  days, 
with  surplus  of  1,218,280,080  cubic  feet,  can  be  built,  at  a  cost  of  $8,500. 

14.  At  Ghengwatana,  on  the  Lower  Snake  River,  Minnesota,  a  dam 
13  feet  in  height  above  low-water,  aflbrding  reservoir  capacity  of 
3,703,238,000  cubic  feef,  corresponding  to  476  cubic  feet  per  second  for 
90  days,  with  surplusage  of  13,190,648,080  cubic  feet,  can  be  established. 
To  cost  $30,000. 

Dams  exist  at  Ground  Ilouse  and  Ghengwatana,  operated  by  private 
parties.    They  will  be  referred  to  further  on. 

The  reservoirs  at  Ghengwatana  and  above  the  mouth  of  Kettle  River 
thus  become  the  distributing  reservoirs  for  the  Lower  Saint  Croix,  and 
as  their  locations  are  about  55  miles  from  Taylor's  Falls,  the  head  of 
navigation  on  the  Lower  Saint  Croix,  and  about  112  miles  from  Prescott, 
where  the  Saint  Croix  joins  the  Mississippi,  whatever  increment  is  taken 
from  these  reservoirs  to  add  to  the  normal  low- water  discharge  of  the 
navigable  stretch  of  the  stream  will  reach  its  destination  rapidly. 

Collecting  from  the  list  given  above  all  the  items  of  discharge  from 
the  various  proposed  reservoirs,  we  see  that  a  quantity  of  water  equal 
to  a  flow  of  4,415  cubic  feet  per  second  for  90  days  can  be  impounded 
prior  to  July  1,  to  be  added  to  the  normal  discharge  of  the  stream  during 
the  low-water  period.  The  measured  low-water  discharge,  as  ascertained 
during  the  survey  made  this  past  season  by  Assistant  Engineer  Frederick 
Terry,  is  above  McLeod's  Lake,  12  miles  below  Taylor's  Falls,  2,300  cubic 
feet  per  second,  and  above  Prescott,  mouth  of  river,  not  less  than  2,800 
cubic  feet  per  second.  Adding  lo  these  the  4,415  cubic  feet  per  second, 
we  have  respectively,  0,715  cubic  feet  and  7,215  cubic  feet  per  secona 
for  90  days,  or  for  120  days,  by  a  proper  manipulation  of  the  dams,  5,400 
cubic  feet  per  second  passing  Prescott. 

We  have  taken  in  the  foregoing  calculations  the  average  annual  pre- 
cipitation at  25  inches,  and  33  per  cent,  of  it  as  available  for  storage 
before  July  1.  1  have  not  been  able  as  yet  to  fix  the  value  of  the  annual 
precipitation  for  the  entire  area,  but  believe  it  to  be  in  excess  of  25  inches. 
Much  diJBBculty  has  been  exi)erienced  in  finding  intelligent  observers  of 
rainfall.    Much  of  the  country  is  sandy,  and  at  present  well  timbered. 

Again,  gravel  and  rock  in  place  and  some  clay  is  met  with.  Migor 
Farquhar,  in  his  report  of  January  23,  1878,  thought  it  possible  that  40 
per  cent,  of  the  rainfall  might  be  regarded  as  available  for  the  supply 
of  the  streams. 

The  area  of  the  Saint  Croix  watershed  above  Taylor's  Falls  is  about 
6,012  square  miles,  e(iual  to  167,004,940,800  square  feet.  If  over  this 
area  but  0.7  foot  be  regarded  as  the  available  rainfall  for  the  entire 
year,  we  have  117,323,458,560  cubic  feet  supi)lying  the  sti^eams,  and 
tributary  to  the  river  above  Taylor's  Falls.  Of  this  quantity,  we  im- 
pound in  reservoirs  before  July  1,  34,334,458,870  cubic  feet,  leaving  a 
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snrplus  of  S2,9!48,099,690  cubic  feet,  la  addition,  we  have  the  1,G00 
square  miles  of  watershed  Ijelow  the  falls  to  add  its  quota,  so  that  from 
the  large  surplus  no  detriment  is  expected  to  accrue  upon  this  baais  to 
the  navigation  of  the  stream  prior  to  July  1.  After  July  1,  we  have  the 
couti'ibutions  from  the  entire  watershed. 

Now,  upon  the  basis  of  but  25  per  cent,  of  the  annual  rainfall  being 
available  for  storage  prior  to  the  1st  of  July,  by  far  the  safest  assump- 
tion, being  certaiuly  within  limits,  as  shown  in  my  report  of  the  12th  of 
December,  1879,  upon  the  Mississippi  Reservoir  System,  we  flud  that  we 
can  dispense  with  the  dams  at  Mud  Lake,  and  the  Eaa  Claii-e  lakes 
(see  Table  II),  and  have  a  total  increment  to  the  low-water  discharge  of 
3,901  cubic  fe«t  per  second  for  90  days.  Now,  when  4,000  cubic  feet  of 
water  per  second  pass  the  DaUes  (Taylor's  Falls],  the  wants  of  naviga- 
tion on  the  Saint  Croix  are  luet.  As  not  leas  than  1,900  cubic  feet  pass 
the  Dalles  at  low-water,  we  have,  by  adding  to  this  figure,  3,900  cubic 
feet,  the  sura  of  5,800  cubic  feet  per  second  for  90  days,  or,  by  proper 
operations  of  the  dams  for  120  days,  1,350  cubic  feet  per  second.  The 
amount  passing  Prescott  for  90  days  would  not  be  less  than  6,700  cubic 
feet  per  second,  and  for  120  days  not  less  than  5,000  cubic  feet  per 
second.  The  total  annual  supply  tributary  above  Taylor's  Falls,  upon 
the  basis  of  one-fourth  the  annual  precipitation,  is  87,154,569,216  cubic 
feet,  lea^nng  as  the  surplus  not  held  by  dams  56,806,703,633  cubic  feet. 
Now,  to  carry  the  calculations  still  further,  the  eutire  watershed  above 
the  Dalles  is  167,604,940,800  square  feet.  The  mean  precipitation  for 
the  months  of  March,  April,  May,  and  June  can  be  taken  (see  tables  la 
last  report]  at  about  10  inches.  If  we  assume,  for  these  4  months,  that 
butoue-half  (or  5  iueliea)  actually  flows  into  the  streams — a  safe  estimate, 
probably,  because  befoit;  the  first  of  April  the  ground  iu  the  higher 
latitudes  is  not  prepared  for  active  absor|>tioo,  iior  does  vegetation 
assert  ita  claims  much  before  that  time — we  have  as  the  eutire  supply 
to  the  streams  of  the  watershed  above  the  Dalles,  for  these  mouths, 
60,556,050,432  cubic  tfeet  of  water.  Now,  the  capacities  of  the  reservoirs 
(see  Table  I)  is  about  35,000,000,000  cubic  feet,  and,  if  we  take  this  as  it 
IS,  without  retluctiou  on  account  of  the  factor  J,  we  have  in  round  num- 
bers 34,506,000,430  cubic  feet  of  water  left,  which,  for  the  90  days  of 
April,  May,  and  June,  averages  about  4,400  cubic  feet  per  second  pass- 
ing the  Dalles,  the  head  of  navigation.  But  the  reservoirs  are  supposed 
to  be  closed  from  December  1  to  July  1.  We  are  then  entitled  to  add 
to  the  foregoing  the  larger  portion  of  the  pi'ecii>itation  for  the  months 
of  December,  January,  and  Febmary,  and  if,  a«  is  most  probable,  three- 
fourths  of  this  quantity  is  available,  we  hare,  to  add  to  that  above 
calculated,  as  passing  Taylor's  Falls,  independently  of  the  reservoirs, 
in  roun<)  numbers,  27,000,000,000  cubic  feet.  These  calculations  and 
comparisons  would  seem  to  prove  the  feasibility  of  reservoirs  upon  the 
headwaters  of  the  Saint  Croix,  as  adjuncts  to  navigation,  especially  aa 
we  have,  in  using  the  factor  J,  made  allowance  for  every  pos-sible  item 
of  diminution  of  the  water  supply. 

My  assistants  who  have  examined  the  country  are  of  the  opinion  that 
the  dams,  if  built  and  operated  as  above,  will  offer  uo  detentiou  to  the 
parage  of  logs,  as  the  reservoirs  will  all  be  filled  before  the  logs  are 
ready  to  pass  the  dams  in  any  nurubers,  and  the  calculations  seem  to 
fully  l)ear  out  this  assertion.  This  subject  wilt,  however,  be  further 
iuveatigated.  luspectiou  of  Tables  I  and  II  shows  that  alarge  surplus 
exists  for  many  of  the  reservoirs,  so  that,  if  necessary  to  sluice  the  logs 
through  before  these  reservoirs  are  filled  and  ready  for  operation,  suffi- 
cient water  can  be  spared  from  most  of  the  reservou-s  without  iufring- 
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iDg  npoh  the  quantity  to  be  impounded.  If  we  assume,  however,  that 
5W  cubic  feet  of  water  iier  second  has  to  be  drawn  in  all  from  such  res- 
er\^oirs  as  have  no  calculated  surplus,  for  as  long  a  period  even  as  90 
days  iu  the  spring,  it  can  be  seen,  from  the  calculations  and  inspection 
of  the  tables  and  maps,  that  no  perceptible  eflect  upon  the  general  re- 
sults will  obtain. 

There  are  mechanical  devices  by  means  of  which  logs  can  be  passed 
over  dams  rapidly  and  without  waste  or  use  of  water. 

The  management  of  the  dams  is  a  matter  of  detail  to  be  arranged  by 
careful  calculations  and  from  experience  gained  in  operating  them. 

The  estimated  cost  of  the  proposed  dams  for  the  headwaters  of  the 
Saint  Croix  is  $385,720.28.  This  is  only  an  approximation,  as  borings 
have  still  to  be  made  at  many  of  the  selected  sites ;  the  cost  of  materials 
and  labor  is  not,  for  the  region  under  consideration,  thoroughly  known 
to  us ;  and  the  value  of  the  land  liable  to  be  overflowed  has  not  yet  been 
taken  into  consideration  in  the  estimates,  for  the  same  reason.  The 
lists  of  lands  liable  to  overflow  from  the  construction  of  the  proposed 
dams  are  as  correct  as  can  be  made  at  present.  The  land  is  generally 
of  little  value.  The  swell  or  ami)litude  to  be  caused  by  dams  placed 
across  streams  where  the  current  is  rajnd  has  not  been  cx)nsidered,  it 
being  impossible  to  calculate  it  with  any  certainty  on  account  of  the 
var>  ing  conditions  for  and  at  each  reservoir,  rajuds  running  into  and 
from  broad  expanses  of  water,  &c.  It  seems  best,  therefore,  to  allow  a 
broad  margin  in  the  case  of  overflow,  and  although  the  contours  or 
flowagelines  are  taken  as  the  intersections  of  the  surface  of  the  country 
by  planes  of  true  level  passed  through  the  combs  of  the  dams,  it  will 
be  safer,  in  the  case  of  a  i)ortion  of  a  section  of  land  appearing  liable  to 
be  overliowed,  to  assume  the  entire  section  as  thus  affected  until,  at 
least,  actual  trial  proves  the  contrary.  The  township  plats  appended 
show  the  contours  as  i)rojectod  under  the  assumption  that  the  surface 
of  the  ponded-up  water  is  a  ])lane  of  true  level ;  they  also  show  the  en- 
tire sections  in  which  these  contours  lie.  These  remarks  apply  as  well 
to  the  Chippewa  and  Wisconsin  Eivers  as  to  the  Saint  Croix. 

It  is  proposed  to  construct  the  dams  of  timber,  rock,  and  earth,  as 
may  be  most  easily  attainable.  Several  short  dikes,  to  prevent  the  im- 
pounded water  flanking  the  dams,  are  also  provided  for  and  included  in 
the  approximate  estimate  for  each  site. 

Bearing  upon  the  existing  dams  owned  and  operated  by  private  par- 
ties and  corporaticms,  Assistant  Simar  says: 

Tho  shneinjjj  dams  in  Wiscronsin  are  ojierat  cd  iiiulor  cliart^Ts  granted  by  the  State 
to  private  parties  or  (•ori))ratioiis,  j^eiierally  Tor  a  term  of  If)  years. 

In  Minnesota,  daniRlor  eluicinj;  lo^is,  timber,  orlnmberareeonstrnctcd  and  operated 
under  a  general  licence  biw  pa8s4?d  i>y  tbe  State  in  18()1,  which  authorizeH  the  county 
coinmissionei-s  of  the  counties  wherein  dams  are  to  be  located  to  ^ant  liceiiHe,  pro- 
Tiding  such  dam  is  necessary  at  the  point  applied  for,  and  that  the  land  is  in  the  j>o»- 
Bession  of  the  ])articH  apjdying  therefor.  Lie4*nses  may  be  granted  for  a  period  not 
exceeding  0  years,  and  ren«'wed  upon  ai)plication.  Bonds  of  not  less  than  $1,000  re- 
quired. Toll  on  logs,  lumber,  or  timber  not  to  exceed  C  cents  per  1,(HK)  feet,  lioaid 
measure,  except  in  the  case  of  the  Snake  Kiver  l)am(Chengwatana),  which  inallowed 
t(dl  not  exceeding  10  cents  per  1,000  feet,  board  measure.  Chengwatana  dam  vm 
originally  built  and  operated  under  a  charter  granted  from  the  Territorial  govern- 
ment. 

The  cost  of  dams,  as  submitted  in  Table  I,  does  not  include  cost  of  damage  to  prop- 
erty, or  the  rights  and  franchises  of  i)rivate  i)arties  or  coqiorations  owning  Bhiicing 
dams  at  or  near  the  ^joints  where  our  selecti<Mis  of  dam-sites  were  made.  In  n»gard  to 
the  latter,  I  tliink  it  would  be  a  matter  of  small  conse<|uence,  providing  those  partieB 
■were  furnisl^'d  with  water  for  driving  purposes  to  suit  their  convenience.  In  the  case 
of  the  dam  at  Chengwatana,  owned  by  Mrs.  Anna  Munch,  of  Saint  Paul,  anew  dam  at 
this  point,  built  of  earth  and  stone,  would  cost  about  lBitt>,000;  whereas  the  preaetit 
dam,  with  re])airs  sutUcient  to  raise  the  head  to  i:j  feet,  might  b«^  secnred  at  a  pxoba- 


I 
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9t  of  (liiiOOO  by  giving  tho  {iroprietnTB  tlio  autno  riglita  fur  aluiciti^  loge  aiiJ  ualng 
nhicli  t\iay  iiow  hnvii.  Tbia  in  a  new  lUiii.  ilikI  woiitd  auawnr  every  purpo!te  aI 
Ihia  point  for  10  years  or  more  with  the  amiftl  reiitilrs  nbiuh  timbpr  struotiires  require. 
Id  Hubralttlng  the  eost  ofa  dam  at  tbia  poiut,  bowerer,  I  estimate  (30,00(1,  this  beiii^ 
a  Hofe  entimute  io  either  cose.  In  re^ri)  to  darnuge  to  property  by  overfluw,  at  tliu* 
.; .._.. — .  proTided  with  unfit t' i ea t  iufiirm alio u  to  give  an  ioltillu;eut  eatiniat«. 


In  aBBUtuing  one-fourth  of  the  annual  rainfall  as  available,  dama  at  Eau  Claire  and 

lid  laki'8  will  nut  bo  recjuired. 

T)io  oust  of  dauiB  on  IJppfr  Saint  Croix,  Rice,  and  Clam  laliea  will  be  materially 


on'u'i 
rednceil. 

The  liat  of  existing  slnieing  ilania  itoea  not  comprise  all  existing  dams  on  the  Saint 
Croix  watershed,  but  tlinae  which  were  fonnd  as  far  oa  cxaminanona  were  extended 
or  likely  tfl  be  of  nae  in  a  syatem  of  reservoira. 

HEADWATBES   OF   THE    CHIPPEWA  RTVER. 

The  average  annual  precipitatiou  for  this  regioD  is  takea  at  60  inohes 
(see  tables  of  rainfall,  reiiort  of  January  15,  m79).  Tables  I  to  IV,  in- 
clusive, giving  results  based  upon  one-third  and  one-fourth  the  annual 
rainfall,  with  alternate  propositions  for  dams  and  reservoirs,  and  ap- 
proximate cost  thereof,  aa  submitted  by  Assistant  Johnson,  are  appended. 
Considering  Table  II — thatbaswl  npon  one  fourth  the  annual  rainfall — 
we  see  tiiat  12  eligible  sites  for  dams  have  been  found.    They  are — 

1.  On  the  Manatonisb  Itiver,  at  the  outlet  of  Best  Lake.  Proposed 
dam  15  feet  in  height  and  250feet  iu  length.  Resulting  reservoir  capac- 
ity 1 ,840,000,000  cubic  feet,  corresponding  to  236.02  cnbie  feet  per  second 
for  90  days.  Surplus  supply  1,847,615,360  cubic  feet,  to  be  retained  in 
Bear  Creek  Reservoir.    To  cost  J7,665. 

2.  On  Hear  Creek,  about  10  miles  below  the  outlet  of  the  Flambeau 
Lakes.  l*roposed  dam  15  feet  in  height  and  2,500  feet  in  length.  Re- 
salting  reservoir  capacity  5,406,567,153  cubic  feet.  Ekccss  of  capacity 
over  supply  2,955,591,153' cubic  feet.  Adding  to  the  supply  the  surplus 
from  Rest  Lake  Reservoir,  we  have  4,298,591,360  cubic  feet,  corresponding 
to  a  flow  of  552.81  cubic  feet  per  second  for  90  days.    To  cost  t47,5(H). 

Taking  these  two  reservoirs  together  we  have  surplus  capacity  of 
1,107.97.^793  cubic  feet 

3.  Below  Park  Lake,  on  the  Turtle  River.  Proposed  dam  to  be  15  feet 
high  and  397  feet  in  length.  Resnlting  reservoir  capacity  620,783,720 
cubic  feet,  furnishing  for  90  days  79.83  cubic  feet  of  water  per  second. 
To  cost  $9,941.     Surplus  water,  2,41 0,9 93,2.S0  cubic  feet. 

4.  At  the  outlet  of  Butternut  Lake.  A  dam  can  be  built  atthis  point 
10  feet  in  height  and  336  feet  in  length,  affordiug  reservoir  capacity  of 
585,446,400  cubic  feet,  corresironding  to  76.26  cubic  feet  per  second  for 
90  days,  with  surplus  of  111,513,600  cubic  feet.    To  cost  $5,216. 

5.  At  the  outlet  of  Rouud  Lake  on  the  Upper  Dorfi  Flambeaa.  Pro- 
posed dam  to  be  10  feet  in  height  and  170  feet  in  length,  Resulting 
reservoir  capacity  1 ,303,036,416  cubic  feet,  equal  to  135.93  cubic  feet  per 
second  tbr  90  davs.  To  cost  $10,550,  Excess  of  capacity  of  reservoir 
345,980,416  cubic  feet. 

6.  About  2  miles  below  the  outlet  of  Squaw  Lake.  Prepoaed  dam  to 
be  9  feet  in  height;  length,  250  feet.  Kesnltiug  reservoir  capacity 
731,808,000  cubic  feet,  representing  a  flow  of  84.70  cubic  feet  per  second 
for  90  davs.  Cost,  *4,000.  Excess  of  reservoir  capacity,  73,170,800  cubic 
feet. 

7.  Below  the  outlet  of  Bear  Lake,  East  Fork  of  the  Chippewa  River. 
Proposed  dam  19^  feet  high  and  1,015  feet  long.  Resulting  reservoir 
capacity  1 ,113,148,866  cubic  feet,  corresponding  to  143.15  onbic  feet  per 
second  for  90  days.  To  cost  $25,925.  Surplus  supjily  3,147,019,144 
cubic  feet. 
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8.  At  Little  Chief  Lake,  East  Fork  of  the  Ciiippewa  Biver.  Dam  to  be 
24  feet  in  height  and  710  feet  in  length.  Eesulting  reserroir  capacity 
771,332,009  cubic  feet,  corresponding  to  99.19  cubic  feet  per  second  for 
90  days.    To  cost  $40,702.    Surplus  supply  232,290,391  cubic  feet 

9.  At  the  outlet  of  Moose  Lake,  West  Fork  of  the  Chippewa  Biver. 
Proi)osed  dam  to  be  25.7  feet  in  height  and  1,235  feet  in  length.  Besult- 
ing  reservoir  capacity  2,021,783,402  cubic  feet,  corresponding  to  2W 
cubic  feet  per  second  for  90  days.  To  cost  $45,090.  Surplus  supply 
1,712,179,798  cubic  feet. 

10.  Below  Pa-kwa-wang  Lake,  West  Fork  of  the  Chippewa  Biver. 
Proposed  dam  to  be  23  feet  in  height  and  840  feet  in  length.  Besulting 
capacity  of  reserv^oir  0,193,632,598  cubic  feet.  Excess  of  capacity  over 
supply  from  its  own  watershed  1,712,179,998  cubic  feet,  which  can  be 
made  up  from  the  Moose  Lake  surplus.  This  will  then  afford  796.50 
cubic  feet  per  second  for  90  days.  Cost,  $55,617.  The  establishment  of 
this  dam  will  Hood  out  the  Chippewa  Indian  \illage  of  Pa-kwa-wang. 
This  dam  may,  however,  deprive  a  short  stretch  of  the  West  Fork,  below 
the  dam-site,  of  the  necessary  quantity  of  water  for  a  time  for  running 
logs.  It  will  be  seen  from  the  tables  that  the  surplus  supply  at  Bear 
Lake  Beservoir  joined  to  that  of  the  watershed  of  Little  Chief  Lake  is, 
in  round  numbers,  3,400,000,000  cubic  feet.  By  raising  the  proposed 
dam  at  Little  Chief  Lake  a  foot  or  more  the  necessary  amount  of  water 
to  establish  the  flow  in  the  lower  part  of  the  West  Fork,  above  alluded 
to,  can,  as  reported  by  Assistant  Johnson,  be  turned  into  the  Pa-kwa- 
wang  Beservoir,  whence,  as  siirx)lus  water,  it  will  feed  the  stretch  referred 
to.    (See  A,  general  map.) 

11.  At  Lac  Courtes-Oreilles,  pro})osed  dam  to  be  5  feet  in  height  and 
260  feet  in  length.  Besultiug  reservoir  capacity  1,986,336,000  cubic 
feet,  equivalent  to  a  flow  of  255.44  cubic  feet  per  second  for  90  days.  To 
cost  $1,631. 

By  reference  to  the  map  it  will  l>e  seen  that  there  are  two  large-sized 
lakes  within  this  watershed  that  have  no  indicated  outlets  on  the  land 
maps.  Time  did  not  admit  of  tracing  these  up.  It  is  here  assumed  that 
they  lie  within  the  Courtes-Oreillos  watershed.  Persons  professedly 
familiar  with  the  country  claim  that  they  feed  Lac  Courtes-Oreilles. 

12.  On  the  Chippewa  Biver,  below  the  mouth  of  Paint  Creek.  A  dam 
22  feet  in  height  and  620  feet  in  length  can  be  built  here.  Besultiug 
reservoir  capacity  505,336,720  cubic  feet,  equivalent  to  64.99  cubic  feet 
per  second  for  90  days.    To  cost  $60,000. 

Summing  up,  we  have  in  round  numbers  from  all  the  reservoirs  above 
enumerated  2,800  cubic  feet  per  second  forOO  daystoadd  to  the  normallow- 
water  dischargeof  the  stream.  The  low-water  discharge  of  the  Chippewa 
Biver  at  the  mouth,  or  at  the  jetties,  may  be  taken  at  about  2,600  cubic 
feet  per  second,  and  about  3,400  cubic  feet  just  above  the  entrance  to 
Beef  Slough.  When  4,000  cubic  feet  per  second  pass  through  the  jetties, 
good  navigation  obtains  from  the  mouth  to  Eau  Claire.  Adding  the 
increment  (2,800  cubic  feet )  from  the  reservoirs  to  the  2,600  cubic  feet 
at  the  mouth,  we  have  at  least  5,400  cubic  feet  ])er  second  for  90  days, 
or  1,400  cubic  feet  per  second  more  than  absolutely  required  for  pur- 
poses of  navigation.  If,  for  purposes  of  shii(jing  logs,  it  becomes  necessary 
to  draw  upon  the  reservoirs  before  July  1,  there  will,  at  most  of  the 
reservoirs,  be  more  water  available  than  reciuired.  To  get  the  quantity 
of  water,  per  second,  eventually  reacjhing  the  Mississippi  for  the  same 
period,  we  must  consider  the  quantity  flowing  through  Beef  Slough, 
which,  added  to  the  5,400  cubic  feet,  gives  6,200  cubic  feet. 
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Toiicliing  tUia  region,  AssUtaut  Joliusou  BayN; 

Nonhero  WisronHm  Ih  still  ii  vtut  nrildomees,  anil,  tram  tlio  ptogrew  that  emjgriition 
has  idihIb  into  tbat  portion  of  the  State  aince  it  was  opened  by  tha  WiHCKinaiii  CeutrnI 
RailruiKl,  it  pmuiiseg  to  nmiain  bo  for  twenty  or  thirty  yeurs  to  come.    Tliia  ia  — 


tially  owing  to  tbo  labor  requirad  in  cltiariiu;  uu  the  lund,  but  more  eiip«uiBUy  to  the 
foot  that  tho  clay  soil  which  pr»)Diniuatea  In  tnnt  renun  in  feenentUy  imperrioua  to 
irater.     Besides  thin,  rocka  are  so  common  in  the  soil  tlial  the  lands  are  not  deairable 


I 


for  farming  puqiosea.  Even  in  swompw  we  invariably  find  bowldera  and  gravel  »t 
the  bottuni.  Hence  it  is  difficult  to  sue  where  the  existence  of  reaervoini  in  this  region 
will  interfere  either  directly  or  indirectly  with  agricaltaral  interests. 

In  regard  to  damages  to  water-power  for  mill-HiteB,  it  is  nol^  probable  that  lumber 
wilt  ever  be  manufactured  in  this  region,  for  the  reason  that  the  market  fur  lumber  of 
the  Chippewa  Valley  la  in  the  Misgigsippl  Valley,  and,  until  we  rench  the  vicinity  of 
Chippewa  Falls,  it  would  be  impossible  In  run  lumber  withoutgoing  to  unwarrantable 

In  view  of  the  above  considerations  the  reservoirs  will  not  be  dotri mental  to  the 
manufacture  of  lumber.  The  only  cause  of  complaint  that  oontd  arise,  providing  that 
the  lumbering  interests  were  made  Bubservieut  to  the  interests  of  commerce  m  the 
Mississippi  Valley,  is  perhaps  a  delay  of  one  or  two  months  in  getting  the  drives  to 
their  destination  at  Chippewa  Falls,  Eau  Clatre,  and  points  bstow.  But  wheu  we 
consider  that  durinji  wintere  when  the  fall  of  snow  is  very  small  the  lumbering  inter- 
ests are  euiharrassed  during  the  eutire  season  following,  as  was  the  case  on  the  Chip- 
pewa in  187B,  a  delay  of  a  month  or  two  is  only  a  guarantee  in  the  end  of  successful 
operations  during  each  season. 

The  area  of  watershed  tributary  to  the  river  at  Chippewa  Falls  is 
abmit  5,500  sqiiHre  miles,  the  total  area  drained  by  the  river  being  about 
9,600  square  mites. 

The  approximate  total  cost  of  the  dams  and  dikes  would  bo  $313,837, 
Constniction  of  timber,  earth,  gravel,  and  rock. 

HEADWATEES   OF   THE   WISCOHSDi    EIVElt, 

The  average  annual  precipitation  for  this  region  is  also  taken  at  30 
inches  (see  tables  of  rainfall,  report  of  January  16,1879).  Calculations 
have  been  made,  based  upon  one-third  and  one  fourth  the  rainfall  aa 
factors,  the  results  of  which  are  given  iu  the  appended  Table  I,  Head- 
waters of  the  Wisconsin. 

The  great  difficultj'  for  the  Wisconsin  system  consists  in  finding  stor- 
age capacity  for  water.  Bttt  six  eligible  sites  for  dams  for  the  formation 
of  reservoirs  of  any  size  have  been  found  from  the  surveys  of  this  or  of 
last  season.    They  are : 

1.  On  the  Wisconsin,  below  Eagle  Hiver,  at  Otter  Hapids.  A  dam  can 
be  constructed  here  32  feet  high,  1,300  feet  in  length,  aftbrding  reservoir' 
capacity  of  7,389,727^488  cubic  feet,  corresponding  to  a  flow  of  950.32 
cable  feet  per  second  for  90  days.  Surplus,  220,262,592  cubic  feet.  Dam 
and  necessary  diking  to  cost  ^138,113. 

2.  On  Sugar  Camp  Creek,  about  IJ  milea  ft'om  its  Junction  with  the 
Wisconsin.  A  dam  can  be  built  at  Uiis  locality  12j  feet  iu  height,  235 
feet  in  length ,  to  create  reservoir  capacity  of  1 ,330,284,160  cubic  feet,  the 
surplus  capacity  being  339,884,1 60  cubic  feet,  and  the  qaantity  of  water 
impounded  for  one  season  furnishing  a  supply  of  130.71  cubic  feet  per 
second  for  90  days.    Cost  of  dam  and  diking,  $8,162. 

3.  On  the  Wisconsin  Kiver,  just  above  the  mouth  of  Pelican.  A  dam 
can  be  constructed  here  28  feet  iu  height,  and  800  feet  in  length,  afford- 
ing reservoir  capacity  of  5,153,180,527  cnbic  feet,  con-esponding  to  002.71 
oabic  feet  per  second  for  90  days.  Surplus  supjtly,  13,325,873  cubic  feet. 
Cost  of  dam  and  diking,  $62,929. 

4.  On  the  Upper  Tomahawk.  A  dara  12  feet  high,  and  190  feet  long, 
affording  2,226,113,036  cubic  feet  reservoir  capacity,  corresponding  to 
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217.37  cabic  feet  per  second  for  90  days.    Sarplas  reservoir  capadty, 
535,810,796  cubic  feet.    To  cost  $4,729. 

5.  Below  Squirrel  Lake,  ou  thev  Tomahawk,  a  dam  17  feet  in  height^, 
and  315  feet  in  length,  will  create  reservoir  capacity  of  1,338,163,200  ca- 
bic feet,  corresponding  to  a  discharge  of  121.52  cubic  feet  per  second  for 
90  days.  Suri)lu8  reservoir  capacity,  393,201,600  cubic  feet.  Cost  of 
dam,  $17,115. 

6.  On  the  Tomahawk,  below  Eice  Lakes.  A  dam  can  be  placed  here 
14  feet  in  height,  and  1,100  feet  long,  to  create  reservoir  capacity  of 
1,043,516,880  cubic  feet,  corresiK)nding  to  134.19  cubic  feet  per  second 
for  90  days.    Surplus  supply,  5,821,539,120  cubic  feet.    To  cost  $24,930. 

Dams  at  Lac  Yieux  Desert  and  Twin  Lakes  can  be  established  to  hold 
the  surplus  at  Otter  Eapids. 

On  account  of  the  forced  locations  for  these  dams  so  near  the  extreme 
sources,  the  reservoir  capacity  produced  by  several  of  them  is  in  excess 
of  the  supply,  although  the  total  surplus  from  the  area  tributary  to  the 
proposed  reservoirs  is  estimated  at  4,500,000,000  cubic  feet. 

The  quantities  above  given  are  based  upon  one-fourth  the  rainfall  as 
a  factor. 

It  is  claimed  by  some  and  denied  by  others,  who  profess  familiarity 
with  the  Wisconsin  Eiver,  that  a  site  for  a  high  dam  exists  below  the 
junction  of  the  Tomahawk  and  Wisconsin  rivers,  and  that  a  reservoir 
•  can  be  created  of  sufficient  capacity  to  retain  the  surplus  waters  from 
the  reservoirs  above.  It  is  of  imx)ortauce  to  settle  this  question,  and  it 
is  proposed,  as  soon  as  an  opportunity  occurs,  to  send  a  smidl  party  to 
examine  the  ground  iustru mentally,  and  also  to  further  examine  Peliean 
Eiver. 

With  the  reservoirs  now  found  practicable  we  can  deliver,  in  round 
numbers,  2,300  cubic  feet  per  second  for  a  period  of  90  days.  This 
quantity,  considered  as  an  increment  to  the  discharge  of  the  Mississippi 
River  at  the  mouth  of  the  Wisconsin,  would  be  too  small  to  prove  of 
benefit  to  the  Mississippi  below  that  iM)int.  The  surplus  water  from  the 
areas  tributary  to  the  proposed  reservoirs  is  so  great  that  we  can  dismiss 
the  question  of  any  diminution  of  the  2,300  cubic  feet  on  account  of 
evaporation  from  surfaces  of  reservoirs,  or  en  route  to  the  lower  river,  or 
by  absorption  en  route. 

Lagreii6  [Cours  de  navigation  inter ieure)  states  that  the  rate  of  evapo- 
ration from  water  in  a  state  of  agitation  compared  with  that  from  the 
surface  of  a  body  of  water  at  rest  has  been  rei)orted  as  65  to  45.  Of 
course  this  proportion  varies  with  localities  and  change  of  conditions. 
The  discharge  of  the  impounded  water  will  in  some  cases  upon  the  Wis- 
consin (and  also  upon  the  Saint  Croix  and  Chippewa  rivers)  pass  over 
rapids  of  greater  or  less  expanse.  But  any  such  items  of  diminution 
shik  into  insignificance  when  compared  with  the  surplus,  not  only  from 
the  areas  above  the  reservoirs,  but  from  the  watershed  generally.  The 
matter  is  merely  touched  upon  here  to  show  that  it  has  received  atten- 
tion. 

A  small  portion  of  the  sur])lu8  waters  may  be  held  by  converting  Lac 
Vieux  Desert  and  Twin  Lakes  into  reservoirs  by  the  construction  oif 
dams  at  an  estimated  cost  of  $15,000  to  $20,000. 

The  entire  area  of  the  Wisconsin  Kiver  watershed  is  about  11,800 
square  miles.  The  total  area  above  the  proposed  reservoirs  is  about 
1,410  square  miles,  and  the  area  of  watershed  tributary  to  the  river 
aoove  Port^ige,  the  head  of  navigation,  is,  after  deducting  that  from 
which  the  reservoirs  would  draw  tlieii:  8U[)ply,  about  6,800  square  miles. 
So  that  no  injurious  effects  are  expected  to  accrue  to  navigation  upon 
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the  Lower  Wisconsin  at  any  time  owing  to  the  impounding  of  water 
before  July  1.  As  to  any  interruption  to  the  operations  of  log-driving 
before  the  gates  can  be  opened,  or  as  to  the  qoantities  of  water,  if  any, 
necessary  to  be  expended  from  the  reservonrs  before  July  1  for  sluicing 
logs,  I  am  not  at  this  moment  prepared  to  speak  decidedly. 

The  advantage  of  driving  logs  with  sufficient  8U]>ply  of  water  will, 
doubtless,  be  considered  by  lumbermen  as  compensation  for  any  short 
delay.  Whether  an  increment  of  2,300  cubic  feet  per  second  for  90  days, 
added  to  the  normal  discharge  of  the  stream  during  a  period  of  90  days, 
when  low-water  ordinarily  occurs,  will  be  of  material  benefit  to  the  navi- 
gable stretches  below  the  i)roposed  dams  or  not  is  a  matter  in  regard 
to  which  I  would  respectfully  defer  to  the  officer  in  charge  of  the  im- 
provement of  the  Wisconsin  Kiver. 

The  total  estimated  cost  of  the  proposed  dams,  including  those  at 
Vieux  Desert  and  Twin  Lakes,  is,  as  given  by  Assistant  Kaynolds, 
$170,978.  This  estimate  is  only  an  approximate  one,  it  being  difficult 
to  arrive  at  close  estimates  for  the  region  under  consideration,  and  es- 
pecially so  in  the  absence  of  borings  at  selected  dam-sites. 

Damage  to  property  from  overflow,  caused  by  the  proposed  dams,  has 
not  been  arrived  at,  but  it  will  be,  it  is  thought,  slight,  as  the  land  is 
generally  of  little  value.  Lists  of  lands  liable  to  oveftow,  as  complete 
ds  can  be  made  at  present,  are  appended. 


EFFECT  UPON  THE  NAVIGATION  .OF    THE  MISSISSIPPI  RIVER  OF  ALL 
THE    RESER 
MISSISSIPPI. 


THE    RESERVOIRS,    INCLUDING    THOSE    AT    THE    SOURCES    OF    THE 


Collecting  the  various  items  of  discharge,  we  find  that  we  can  control, 
from  the  proposed  reservoirs  at  the  sources  of  the  Mississippi,  sufficient 
water  to  insure  a  steady  flow  of,  at  the  least,  12,200  cubic  feet  per  second, 
past  Saint  Paul,  for  100  days  (see  my  report  of  December  12, 1879) ;  and 
from  the  Saint  Croix,  for  the  same  period,  6,000  cubic  feet  per  second. 
The  sum  of  these  gives  about  18,000  cubic  feet  per  second  for  100  days. 

A  gauging  of  the  Mississippi  Kiver,  in  the  fall  of  1878,  taken  several 
miles  below  the  mouth  of  the  Saint  Croix,  under  the  direction  of  Major 
Farquhar,  Corps  of  Engineers,  reduced  to  the  low-water  of  1864,  showed 
10,100  cubic  feet  of  water  per  second  passing  that  point,  or  but  little 
more  than  one-half  of  the  quantity  that  can  be  assured  for  100  days,  as 
above  stated.  Now,  carrying  our  quantity  forward  to  the  mouth  of  the 
Chippewa,  neglecting  the  area  of  watershed  tributary  to  the  river  be- 
tween the  Saint  Croix  and  the  mouth  of  the  Chippewa,  we  have  at  the 
latter  point  4,860  cubic  feet  more  per  second  for  100  days,  or,  in  all, 
22,860  cubic  feet  per  second  for  100  days.  And  passing  the  mouth  of 
Beef  Slough  we  have  about  23,660  cubic  feet  per  second  for  the  same 
period ;  in  round  numbers,  24,000  cubic  feet. 

A  gauging  of  the  Mississippi  Kiver  at  Winona,  about  30  miles  below 
Beef  Slough,  under  direction  of  Major  Farquhar,  in  1878,  reduced  to 
the  low- water  of  1864,  showed  11,190  cubic  feet  of  water  per  second  pass- 
ing that  point,  or  less  than  one-half  of  the  quantity  that  can  be  assured 
from  the  combined  operations  of  the  proposed  reservoirs  at  the  sources 
of  the  Mississippi,  Saint  Croix,  and  Chippewa  rivers,  added  to  the  nor- 
mal low-water  flow  of  these  three  streams ;  24,000  cubic  feet  per  second 
fbr  a  width  as  at  Winona  would  afford  not  less  than  5  feet  in  the  chan- 
hel. 

We  have  thus  far  neglected  the  smaller  watersheds  between  the 
ihonth  of  the  Saint  Croix  and  the  mouth  of  the  Chippewa.    By  exam- 
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ining  the  table  of  watersheds,  Appendix  X,  we  see .  that  between  the 
mouth  of  Beef  Slough  and  the  mouth  of  the  Wisconsin  is  a  watershed 
of  about  8,000  square  miles.  The  precipitation  over  this  area  for  the 
months  of  July,  August,  September,  and  October  may  be  taken  as  av- 
eraging 12  inches.  Assuming  ^  as  a  factor,  we  have  as  additional 
quantity  of  water  just  above  the  Wisconsin  an  average  of  5,400  cubic 
feet  for  120  days,  or  omitting  the  20  days,  in  aU  a  little  more  than  29,000 
cubic  feet  for  100  days ;  and  just  below  the  mouth  of  the  Wisconsin 
(adding  the  low- water  flow  of  that  stream  to  the  2,300  cubic  feet  from  its 
reservoirs),  at  least  36,000  cubic  feet  per  second  for  90  days.  As  to  what 
can  best  be  accomplished  on  the  Mississippi  Eiver  below  Saint  Paul  by 
these  volumes  the  officer  in  charge  of  that  stretch  of  river  is  better  pre- 
pared to  answer. 

The  figures  that  have  been  taken  as  representing  the  low- water  flow 
of  these  streams  are  much  below  their  araro^^  discharges  between  July  1 
and  the  middle  of  November. 

Many  of  the  reservoirs  will  have,  when  considered  only  with  reference 
to  one  season,  large  surplus  capacities.  But,  on  the  other  hand,  there 
may  be  expected  to  compensate  seasons  when  the  full  supply  will  not 
be  drawn  upon.  In  this  case,  the  water  can  accumulate  and  fill  them  to 
their  maximum'  capacities. 

As  regards  the  eftect  upon  the  quantity  of  rainfall  annually  by  defor- 
esting and  rewooding  extensive  areas  of  country,  I  will,  witj^ont  refer- 
ring to  meteorological  observations  made  by  myself,  refer  to  those  tab- 
ulated in  my  report  of  January  15,  1879.  By  an  inspection  of  these  ta- 
bles it  will  be  seen  that  the  Saint  Paul  records  cover  seven  consecutive 
years,  viz.,  from  1872  to  1878,  inclusive. 

The  annual  rainfall  is  for — 


SAINT  PAUL,    MINNESOTA. 


Inches. 

For  1872 28.86 

1873 3:5.74 

1874 35.57 

1875 30.66 


Incbat. 

For  1876 23.87 

1877 28.80 

1878 22.09 


FORT  8NELLING,   MINNESOTA. 


} 


For  1837 24.02 

1838 27.72 

1839 21.19 

1840 23.17 

1841 21.67 

1843 23.70 

1844 30.24 

1845 25.34 

1846 26.10 

1847 21.  HO 

1848 23.18 

1849 49.69 

1850 25.50 

1851 23.42 

1852 15.07 


For  1853 20.47 


26.60 

24.76 

22.« 

•  ......  ..•••.  ...•••  ••••  (SSS.  IW 

:«.21 

34.83 

26.07 

21.78 

17.01 

ia71 

18.56 

1875 27.lt 

1876 28.32 

1877 19.48 


1854 

1855. 

18.56 

1857 

1868. 

1869 , 

1870 

1871 

1872. 

1873 

1874 


FORT  RIPLEY.  MINNESOTA. 


For  1850 35.32 

1852 34.52 

ia53 26.12 

ia54 IS.  49 

1855 23.55 

1856 25.33 

1858 19.  HI 

ia59 26.00 

1860 30.61 

1861 3^.42 


For  1862 14.39 


1863. 
1867. 
1868. 
1871. 
1872. 
1873. 
1875. 
1876 


17.20 
30.34 
28.03 
34.08 
34.77 
40.78 
28.17 
19.48 
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FORT  BIDGELT,  MINlfESOTA. 


Inches. 

Tor  1855 34.78 

1856 23.20 

1867 38.38 

1858 22.52 

1859 32.85 


Inches. 

For  1860 16.97 

1861 21.89 

1862 30.05 

1863 18.17 

1864 14.46 


DULUTH,  MINNESOTA. 


For  1873 38.42 

1874 39.86 

1875 25.13 


For  1876 31.86 

1877 32.19 


FORT  PEMBINA^   DAKOTA. 


For  1872 17.19 

1873 14.05 

1874 11.88 


For  1875 11.60 

1876 24.70 

1877 22.04 


PORT  ABERCROMBIE;   DAKOTA. 


For  1861 23.39 

1862 11.38 

1863 13.40 

1864 16.85 


For  1868 18.90 

1870 20.47 

1871 15.27 

1872 27.83 


FORT  WINNEBAGO,   WISCONSIN. 


For  1837 31.34 

ia38 27.88 

1839 28.95 

1840 27.12 


For  1841 28.45 

1842 24.51 

1843 22.80 


FORT  HOWARD,    WISCONSIN. 


; 


For  1836 37.64 

1837 40.55 

1838 37.56 


For  1839 31.28 

1840 33.57 

1851 31.47 


The  felling  of  timber  bas  been  actively  carried  on  over  the  greater 
portions  of  Minnesota  and  Wisconsin  for  the  past  thirty  years,  having 
been  especially  active  for  the  past  fifteen  years,  and  the  records  do  not 
indicate  any  decrease  in  the  annual  precipitation  due  to  deforesting 
the  country.  Nor  does  there  appear  from .  inspection  of  the  monthly 
means  of  rainfall  contained  in  the  report  above  referred  to  any  logical 
connection  between  the  felling  of  trees  and  the  distribution  of  the  rain- 
fall by  seasons.  It  would  be  premature,  however,  to  express  any  de- 
cided opinion  in  this  matter,  as  nothing  but  long  continued  observations 
can  furnish  the  means  of  arriving  at  conclusions  in  the  case.  Meteoro- 
logical conditions  vary  for  different  areas. 

Cultivation  of  the  ground  may,  it  is  much  easier  to  see,  affect  the  flow 
of  water  into  the  streams,  sometimes  conducing  to  a  rapid  increase  in  the 
volumes  of  the  streams,  and  again  retarding  the  flow  so  as  to  maintain 
a  more  equable  stage,  depending  upon  surface  and  subsurface  formation, 
&c.  Long  continued  observations  of  the  daily  stand  of  water  in  the 
principal  affluents  and  the  main  streams,  as  well  as  frequent  gaugings  of 
the  flow  of  water  in  each,  aftbrd  the  only  means  of  arriving  at  any  con- 
clusions of  value  upon  this  point. 

We  have  ascertained  as  far  as  possible,  to  date,  the  extent  of  prop- 
erty liable  to  overflow  or  to  be  affected  by  the  construction  of  the  pro- 
posed dams.  Doubtless  some  interests  will  be  benefited  by  the  creation 
of  the  reservoirs ;  others,  again,  will  be  injured.  Many  of  the  dams  pro- 
posed will,  if  constructed,  develop  water-power. 

The  examinations  necessarily  covered  more  ground  than  was  at  first 
anticipated.  Much  of  the  information  that  had  been  furnished  the  par- 
ties by  persons  professing  familiarity  with  the  country  was  found.^  ui^qil 
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examination  of  the  groand,  to  be  worthless.  The  greater  part  of  the 
field  work  has  been  accomplished,  but  reconnaissances  of  several  posa- 
ble  sites  ought  to  be  made.  In  addition,  borings  at  most  of  ttie  selecte^ 
dam-sites  npon  the  Saint  Croix,  Chippewa,  and  Wisconsin  rivers  shoula 
be  made  in  order  that  estimates  of  the  cost  of  foundations  may  be  ren- 
dered with  more  exactness  than  can  be  done  at  present.  -  Meteorological 
observations  should  be  continued  in  Wisconsin  for  another  year  at  least, 
and  the  main  streams  and  affluents  more  thoroughly  gauged.  The  esti- 
mated cost  of  the  examinations  and  observations  is  $10,000. 

I  would  especially  invite  attention  to  the  valuable  reports  of  Assist- 
ants Simar,  Johnson,  and  Kayuolds,  heremth  submitted. 

Assistant  J.  D.  Skinner  has  continued  in  immediate  charge  of  the 
parties  in  the  field,  contributing  largely  to  the  successful  operations  of 
.the  season. 

I  am  much  indebted  to  Mr.  J.  P.  Frizell,  principal  assistant,  and  to 
Assistant  Engineers  Guy  Wells  and  C.  J.  A.  Morris  in  the  matter  of  es- 
timates for  and  details  of  dams,  &c. 

It  will  be  seen  from  the  foregoing  that  if  the  plan  of  reservoirs  as 
adjuncts  to  the  navigation  of  the  Upper  Mississippi,  Saint  Croix,  Chip- 
pewa, and  Wisconsin  be  adopted,  good  results  for  each  stream,  and  ulti- 
mately to  the  main  Mississippi,  can  best  be  realized  by  the  construction 
of  all  the  dams  proposed.  The  question  of  expediency,  however,  is  one 
with  which  the  engineer  generally  has  little  to  do,  his  office  commonly 
being  to  present  facts  and  figures. 

In  order  to  operate  the  dams  to  best  advantage  they  should  all  come 
within  telegraphic  communication  with  a  central  office.  The  cost  of 
telegraph-lines,  including  batteries,  &c.,  for  the  several  systems,  is  esti- 
mated as  follows: 

For  the  Upper  Mississippi f  15, 585 

For  the  Saint  Croix 12,750 

For  the  Chippewa 9,000 

For  the  Wisconsin 9,000 

These  estimates  may  be  reduced  as  private  telegraph-lines  multiply 
and  where  consolidation  can  be  efl'ected  in  the  case  of  several  dams 
being  separated  from  each  other  by  but  a  few  miles. 

The  cost  of  niaintiiining  the  dams,  &c. — understanding  by  this  the 
repairs — is  not  easy  to  state.  From  the  best  information  to  date,  I 
assume  that,  it*  well  built,  15  per  cent,  of  their  original  cost  will  suffice 
for  the  first  ten  years. 

The  cost  of  operating  a  dam  would  probably  average  $800  per  annum. 
The  darti-tenders  could  perform  the  duties  of  the  telegraph  operators 
and  meteorological  observers  also.  Home  reduction  in  exi)ense  of  oper- 
ating dams  might  be  made  by  consolidation.  A  system  of  gauge-rods  at 
prominent  point*^  on  the  streams  and  the  employment  of  gauge-readers 
would  also  be  necessary.    Probable  cost  piT  annum,  $1,500. 

RECAPITULATION   OF  ESTIMATES. 

Sourcea  of  the  Misshsippu     (See  report  of  Decc'.nibcr  1*2,  1879.) 

Dams $.380,927  39 

Tflo«rraph-!iii(\s,  &c 15,5*25  00 

Total 402,452  a) 

Mainfoiijiiiro  tho  first  ten  yonrs,  15  per  cent 60,367  86 

Cost  oroprratiii<;  «lains,  prr  uiiiiiini.. 5,600  00 

Gauge-rods  and  observers,  prr  aiiinim 375  00 
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SourocB  of  the  Saint  Cixtix. 

Dama $385,720  28 

Contingencies  of  eDgineering,  10  percent 38,572  02 

Telegraph-lines,  &c • 12,750  09 

Total 437,042  30 

Maintenance  first  ten  years,  15  per  cent 65, 556  34 

Cost  of  operating,  per  annum 6,400  00 

Gauge-rods  and  observers,  per  annum 375  00 

Sources  of  the  Chippewa, 

Dams $313,837  00 

Contingencies  of  engineering,  10  per  cent 31,383  70 

Telegraph-lines 9,000  00 

Total 354,220  70 

Maint'Cnance  first  ten  years,  15  per  cent 53, 133  10 

Cost  of  operating  dams  per  annum 5, 600  00 

Gauge-rods  and  observers,  per  annum 37S  00 

Sources  of  the  Wisconsin. 

Dams $170,978  00 

Contingencies  of  engineering,  1 0  per  cent 17, 097  80 

Telegraph-lines 9,000  00 

Total 197,075  80 

Maintenance  first  ten  years,  15  per  cent 29, 561  37 

Cost  of  operating,  per  annum 4,000  00 

Gauge-rods  and  observers,  per  annum 375  00 

To  accompany  this  report  are  appendixes  a  to  x,  inclusive,  and  the 
following-named  maps  and  plots  : 

One  general  map  of  the  Saint  Croix  watershed. 

One  general  map  of  the  Chippewa  watershed. 

One  general  map  of  the  Wisconsin  watershed. 

One  plotting  of  gauge- readings  at  Taylor's  Falls,  Saint  Croix  River,  1879. 

One  plotting  of  gauge-readings  at  Stillwater,  Saint  Croix  River,  1879. 

One  plotting  of  gauge-readiugs  at  Eau  Claire,  Chippewa  River,  1879. 

One  plotting  of  gauge-readings,  mouth  of  Chippewa  River,  1879. 

One  set  colored  plats,  lands  liable  to  overflow.  Saint  Croix  River. 

One  set  colored  plats,  lands  liable  to  overflow,  Chippewa  River. 

One  set  colored  plats,  lands  liable  to  overflow,  Wisconsin  River. 

In  all,  24  appendixes  and  10  maps  and  plots. 

Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allbn, 

Captain  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U,  S.  A. 


APPENDIX  a. 
Saint  Croix  River. 

report  of  mr.  vine  d.  8imar,  assistant  engineer. 

Engineer  Office,  United  States  Army, 

Saint  Faulf  December  30,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  preliminary  report  of  survej's  and 
examinations  of  the  sources  of  the  Saint  Croix  River,  with  tracing  of  general  map 
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Bhowiug  watershed,  location  of  dam  sites,  capacity  of  holding-groniidBy  and  Bmsh  in- 
formation as  conld  oe  shown  in  the  time  allotted  to  this  report.  The  work  conaiBied 
in  the  examination  of  those  portions  of  the  Saint  Croix  watershed,  of  which  prerioiis 
examination  had  not  been  made,  to  ascertain  if  any  and  what  amount  of  water  can 
be  held  by  reservoirs  in  addition  to  the  results  of  last  year,  and  the  cost  of  oonstmct- 
inK  dams,  with  as  mach  information  of  value  as  possible.  Work  was  commenced  June 
4,  by  sending  a  detached  party  into  the  field  in  charge  of  Assist-ant  R.  DavenporL 
with  instructions  to  run  a  base  line  of  levels  from  Rush  City  on  the  Saint  Paul  and 
Dnlnth  Railroad,  across  and  up  the  valley  of  the  Saint  Croix  River  to  Upper  Lake 
Saint  Croix,  making  connections  with  the  work  done  last  year,  and  leavinff  bench- 
marks at  prominent  points  to  facilitate  future  operations.  Upon  the  com|^etion  of 
this  work  it  was  thought  best  to  run  a  line  of  levels  up  the  Namakiuron  River  from 
Yeazie's  Ranch  to  Little  Puckwawance ;  this  was  done  by  Assistant  Davenport,  who 
then  reported  to  the  main  party  at  Rice  Lakes,  June  2^. 

The  main  party  left  Saint  Paul  June  12,  via  the  North  Wisconsin  Railroad  to  Gran- 
ite Lake,  at  that  time  the  terminus  of  the  line,  and  about  20  miles  distant  from  Yel- 
low River  crossing.  This  distance  was  made  by  teams  through  the  Big  Woods  and 
over  execrable  roads.  Upon  arriving  at  Yellow  River,  the  14th,  work  was  started 
from  this  point  by  running  a  line  of  levels  up  the  river  to  Mud  Lake.  This  lake  has 
an  area  of  2^  square  miles,  and  can  be  made  available  for  holding  any  small  surplus 
not  held  at  more  eligible  points.  A  line  of  levels  was  mn  down  the  river  fh)m  YeUow 
River  croHsing  to  Rice  Lakes,  at  which  point  a  dam  site  was  selected,  and  survey 
made,  to  obtain,  if  possible,  holding-grounds  for  the  surplus  not  held  on  YeUow  River. 

The  dam  site  aftbrds  a  rise  of  25  i'vet  above  low-water.  This  was  taken  as  the  pro- 
posc^d  height  of  dam,  and  contour  lines  run  to  that  elevation.  After  completing  the 
survey  of  the  dam  site,  transit- lines  were  rim  around  the  entire  holding-grounds,  and 
as  near  as  ]»racticable  to  tin*  line  of  flowage.  A  line  of  levels  followe^  and  frequent 
cross-section  lines  were  nin  out,  to  accurately  determine  the  flowage  line.  Literme- 
diate  linos  were  run  with  compass  where  required.  Tho  location  of  the  dam-site  is 
the  best  that  could  be  found.  It  has  a  length  of  500  feet  on  top,  while  the  valley  is 
about  250  i'viit  wide  at  a  rise  of  15  A'ct.  The  banks  of  the  stream  are  composed,  of 
sand  and  fine  gravel.  Tlie  bed  of  the  river  consists  of  sand  and  gravel  to  a  depth  of 
10  to  15  feet.  At  this  depth  there  appeal's  to  be  a  deposit  of  clay  and  gravel;  this, 
however,  could  not  be  accurately  determined  with  the  ap}>liance8  with  which  we  were 
provided.  In  addition  to  the  dam  juoper,  there  will  be  required,  at  different  points, 
alxmt  1,.500  linear  feet  of  dike,  of  an  average  height,  of  13  feet.  Our  surveys  show 
the  following  results  on  Yellow  River : 

Area  of  watershed,  IV21|  square  miles 8. 902, 905,  GOO  square  feet. 

Available  rainfall 0.7  foot 

Cubic  feet. 
Su}q)ly  from  watershed 6,274,033,920 

Capacity  of  reservoirs: 

Yi'Uow  Lake,  survev  of  1j:?7>^ cubic  fccT..:^,  402,712,000 

Rice  Lake,  survey  of  1h79 do 2,  474, 944, 500 

Total  holding  capacity 5, 877,  f J56, 500 

Leaving  a  surplus  of 396,377,420 

which  can  be  held  on  Mud  Lake  with  6  feet  rise  of  dam,  thus  leaving  no  surplus  on 
Yellow  River. 

From  reservoirs,  full,  can  be  furnished  for  90  days,  ])er  day,  69,711,488  cubic  feet; 
per  second,  807  cubic  feet. 

CIIAR^VCTER   OF   THE   8TICEAM. 

Yellow  River  is  termed  a  constant  stream,  from  the  small  range  in  the  natural  rise 
and  fall  of  the  river  throughout  the  year,  which  varies  from  1^^  to  3|  feet,  owing  to 
locality.  Springs  and  spring  creeks  are  numerous  on  the  upper  portions  of  the  stream. 
The  valley  is  generally  narrow,  being  from  200  to  800  feet  m  width,  although  in  some 
localities  it  widens  into  tamarac  marshes  of  considerable  extent.  The  first  banks 
have  a  general  elevati<m  of  15  feet  above  low-water,  running  back  int-o  high  broken 
ridges  covered  with  white,  Norway,  find  Jack  pine.  There  are  some  rapids  on  the  up- 
per portion  of  the  river.  Little  or  uo  stoue  or  bowlders  are  found  until  reaching  th© 
rapids  Im'Iow  Yellow  Lake,  which  are.  almost  contiuuons  to  the  mouth  of  the  stream. 

Our  next  point  of  operations  was  on  the  Namakagon  River,  about  32  miles  above 
the  mouth,  near  Veazie's  Ranch.  This  is  the  most  available  point  for  holding' 
grounds  above  the  mouth  of  Totogatic  River  and  below  Namakagon  Lake.     It  waa 
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not  deemed  advisable  to  make  a  survey  at  the  latter  poiut,  there  beius  only  43  sqnare 
miles  of  watershed  to  supply  a  reservoir  which  gives  by  one-third  the  annual  rain- 
falli  about  800,000,000  cubic  feet.  This  amount  can  be  held  by  the  sluicing-dam  in 
operation  at  the  outlet  of  Namakagon  Lake. 

The  dam  site  at  Veazie's  affords  a  height  of  30  feet.  Contour  lines  were  Tun  to  this 
elevation,  the  work  being  done  in  a  similar  manner  as  at  Rice's  Lakes.  Upon  com- 
pleting the  survey,  it  was  found  that  the  holding-grounds  were  not  as  large  as  had 
been  anticipated.  They  comprise :  Whalen's  Lake  and  the  valley  of  Whalen's  Creek 
on  the  north ;  Trout  Brook  on  the  south  ;  the  valley  of  the  Namakason  to  the  mouth 
of  Spring  Brook,  and  the  valleys  of  Bean  Brook  and  Jordan  Creek  between  these 
points.  These  valleys  are  small,  sloping  to  higher  grounds  on  either  side,  rendering 
the  holding  capacity  of  the  reservoir  small. 

Dam  site. — ^Tne  banks  are  high  at  this  point,  the  length  of  dam  being  380  feet,  to 
which  must  be  added  700  linear  feet  of  dike,  with  an  average  height  or  6  feet  on  the 
north  si<le  of  the  river.  The  river  banks  are  sand  and  light  soil :  the  bed  of  the 
stream  is  of  sand  and  fine  gravel  to  a  depth  of  6  to  10  feet.  Careful  soundings  were 
taken  to  determine,  if  possible,  the  nature  of  this  substratimi,  which  was  thought 
to  be  clay  and  gravel  or  some  equally  hard  material.  Upon  completing  our  work  at 
this  point,  examinations  were  continued  down  the  river.  A  line  of  levels  was  run 
down  the  river  to  Moore's  Station,  1^  miles  below  the  mouth  of  the  Totogatic,  to  con- 
nect with  the  base  line  of  levels  run  from  Rush  City.  Observations  were  frequently 
made  to  determine  the  slope  of  the  river.  Arriving  at  the  mouth  of  McKenzie  Brook, 
a  line  of  levels  was  run  up  the  creek  to  McKenzie  Lake  to  ascertain,  if  possible,  how 
to  utilize  this  and  the  lakes  above  for  holding-grounds  on  the  Namakagon  River,  as 
it  was  thought  possible  to  flow  these  lakes  by  putting  a  dam  across  the  ^makagon,  a 
short  distance  below  the  mouth  of  the  creeK.  This  was  found  to  be  impracticable, 
there  being  ,a  rise  of  33  feet  from  the  mouth  of  the  creek  to  the  first  lake,  a  distance 
of  2^  miles.  Hasty  examinations  were  made  in  the  vicinty  of  Webb  Creek  and  Lake 
and  at  the  mouth  of  the  Totogatic  River  to  find,  if  possible,  sufficient  holding-grounds 
to  justify  us  in  making  a  survey  at  this  point,  the  surplus  on  the  Namakagon  being 
▼eiv  large.  Subsequent  surveys  were  made  with  the  following  results :  By  putting  a 
hign  dam  across  the  Namakaffon,  1  mile  below  the  mouth  of  the  Totogatic  River,  a 
large  holdiug-ground  can  be  obtained  and  the  supply  be  drawn  from  either  of  the  two 
named  rivers.  Forty  feet  were  taken  as  the  rise  of  dam.  Transit  and  level  lines  were 
run  up  the  Totogatic  a  distance  of  10  miles,  to  the  mouth  of  Chicorg  Creek,  and  up 
the  Namakagon  to  Casley  Brook,  12  miles  above  the  dam  site.  From  these  base  lines 
numerous  intermediate,  transit,  compass,  and  stadia  lines  were  run  out,  as  occasion 
required.  The  area  of  holding-grounjds  is  about  7^  square  miles,  comprising  10  miles 
of  the  valley  of  the  Totogatic,  12  miles  of  the  valley  of  the  Namakagon,  WebD  Creek 
y alley,  Webb  Lake,  and  some  small  lakes,  with  adjacent  marshes  and  low  lands.  Our 
surveys  show  the  following  results  on  the  Namakagon  River  : 

Area  of  watershed  above  lower  dam  site =648  square  miles = 18,065,203,200  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  foot. 

Cabio  feet 
Supply  from  watershed 12,645,642,240 

Capacity  of  reservoirs : 

Veazie^s '. 1,379,393,850 

Mouth  of  Totogatic  drawn  from  Namakagon 3, 082, 033, 820 

Total  holding  capacity 4,461,427,670 

Leaving  a  surplus  of 8,184,214,570 

From  reservoirs  full,  for  90  days,  can  be  furnished,  per  day,  49,571,418  cubic  feet ; 
per  second,  573  cubic  feet. 

The  surplus  on  the  Namakagon  may  be  reduced  about  800,000,000  cubic  feet  by 
utilizing  the  holding-grounds  at  Namakagon  Lake. 

Dam  site  is  located  4  miles  above  the  mouth  of  the  Namakagon  and  1  mile  below 
the  month  of  the  Totogatic,  at  the  head  of  a  stretch  of  rapids.  At  this  point,  the  high 
banks  on  either  side  approach  to  within  600  feet  before  breaking  away  into  the  valley 
of  the  Saint  Croix,  thus  affording  a  very  good  mte  for  a  dam.  The  banks  are  com- 
posed of  sand  and  gravel.  The  river  bed  is  of  the  same  material,  to  a  depth  of  from 
2  to  20  feet,  proceeding  from  the  right  to  the  left  banks.  The  substratum  at  thUa 
depth  is  a  clay  and  gravel  hard-pan.  Upon  gaining  this  information,  it  was  deemed 
that  a  40-foot  rise  of  dam  would  not  be  impracticable.  The  river  at  this  point  has  a 
width  of  200  feet,  and  the  valley,  at  40-foot  rise,  a  width  of  600  feet. 
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CHARACTEB  OF  THE  COUXTRY. 

The  source  of  the  Namakagon  is  Lake  Namakagon,  situated  in  the  aontheast  comer 
of  Bayfield  County,  and  near  the  divide  in  the  watersheds  ci  the  Chippewa  Biyer 
and  Lake  Superior,  lliey  consist  of  nomerons  lakes,  and  extensive  eedar  and  tamame 
marshes.  From  Namakagon  Lakes  to  Veazie*s  the  river  is  generally  narrow  md  rapid, 
stretohes  of  rapids  over  native  trap-rock  beinff  frequent.  There  are  also  several  ver- 
tical foils  of  from  2  to  4  feet.  The  banks  are  m^h  on  either  side^  stretching  away  into 
high  broken  ridges  and  sand  barrens,  covered  with  the  various  kinds  of  pine ;  homlockk 
and  birch  being  found  on  the  upper  portions  of  the  river.  From  Veasie^s  to  the  month 
the  river  is  from  100  to  200  feet  wide,  and  in  some  cases  attaining  a  ^^reater  width  in 
passing  over  ^avel  ban*.  There  are  several  sharp  pitches  and  ramds,  principal  of 
which  are  "  Little  "  and  **  Big  Bull "  Rapids,  and  "  Dupee  Flats."  The  river  is  navi- 
gable for  small  boats,  such  as  bateaux  and  canoes,  at  a  stage  of  1  foot  above  low- 
water.    The  slope  of  the  river  is  about  5  feet  per  mile. 

Leaving  Moore's  Station,  August  2,  a  line  of  levels  was  run  from  near  Antoine  Gordon's 
place'  through  to  Eau  Claire  Lakes,  where  a  sur>'ey  was  made  and  holding-grounds 
found  for  the  surplus  on  the  Upper  Saint  Croix  not  held  by  dams.  A  dam  site  was 
selected  at  the  outlet  of  first  Eau  Claire  Lake  and  above  the  old  slnicing  dam.  A  rise 
of  12  feet  was  obtained  for  dam  site,  which  has  a  len^h  of  220  feet.  The  banks  con- 
sist of  sand  ;  the  river  bed  beinc  apparently  sand  and  gravel.  The  holding-grounds 
comitrise  first  and  second  Eau  Claire  Lakes,  Cranberry  Lake,  and  several  marshes. 

Results  on  Upper  Saint  Croix : 
Comprising  that  portion  of  the  watershed  above  dam  site 

below  Lake  Saint  Croix  in  section  35,  town  44  north, 

range  13  west,  290  square  miles 8, 084, 736, 000  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall O.TIbet. 

Cabio  feet. 

Supply  from  watershed 5,659,315,200 

Capacity  of  reservoirs : 

Lake  Saint  Croix cubic  feet..  4,698,269,800 

Eau  Claire  Lakes do 961,045,400 

Total  capacity  of  reservoirs 5,659,315,800 

leaving  no  surplus. 

From  reservoirs  full,  for  90  days,  can  be  furnished,  per  day,  62,881,280  cubic  feet;  per 
second,  728  cubic  feet. 

Second  Eau  Claire  Lake  has  an  elevation  of  1,122  feet  above  sea-level.  The  lakes 
are  surrounded  by  high  banks.  On  the  -^v^est  they  are  jy^ently  rolling,  while  on  the  CMt 
and  south  the  country  is  high  and  broken,  the  ridges  beine  coveied  with  pine,  hemlock, 
and  hard  woods.  Frequent  outcroppings  of  the  copper-bearing  rock  of  Lake  Superior 
are  found.  After  completing  this  work,  a  line  of  levels  was  run  through  to  Blackburn's 
Crossing  on  the  Upper  Totogatic,  thence  up  the  river  to  the  sluicing  dam  located  in 
section  12,  township  42,  range  10  west,  and  about  fifty  miles  above  the  mouth.  A  cross 
section  was  made  about  fifty  feet  above  the  site  now  occupied  by  a  dam.  From  this 
point  sufficient  examinations  were  made  to  determine  the  holding  capacity  of  the 
valley  and  marshes  above,  and  that  a  18-foot  dam  will  hold  the  supply  of  the  water- 
shed above  this  point.  Our  line  of  levels  was  continued  through  to  Little  Pnckwa- 
wauce,  where  connection  was  made  with  the  line  of  levels  run  from  Veazie's  to  this 
point  by  Assistant  Davenport  in  the  earlier  part  of  the  work.  The  dam  site  has  a 
length  of  360  feet.  The  banks  are  clay  and  sand.  A  ledge  of.  trap-rock  exists  about 
1  foot  below  the  river  bed,  and  above  this  rock  is  a  deposit  of  loam,  clay,  and  bowlders. 
We  are  enabled  to  show  the  following  results  on  the  Totogatic  River : 

Area  of  watershed,  389  square  miles 10, 844, 697, 600  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  foot. 

Cable  fiwt. 
Supply  from  watershed 7,591,288,380 

Capacitv  of  reservoirs : 

Upper  Totogatic 1,388,605,680 

Gilmore  Lakes 2,881,095,000 

Mouth  of  Totogatic : 
Drawn  from  Totogatic  River 1,541,016,900 

Total  holding  capacity 5,810,717,580 

Leaving  a  surplus  of 1,780,570,740 


« 


APPENDIX   V.  1619 

'  Tram  rwOTvoirs  Eiill,  for  90  cliiys,  oaa  hn  fiimisbed,  per  day,  64,563,478  cubic  feet ; 
per  Beconil,  748  cubic  feet. 

The  Ruiirce  of  tlie  Totagal 

between  Eao  Cl&ife  aiid  I«ainBk>«an  labca.     TTie  country  is  hiah ^ ^ ,  ,„ 

peoially  OQ  the  uortb,  toward  tlin  Totogatic-oance,  thepHncipiTtribiit&ryof  theToUi- 
-■atlo  River.  Tlirauib  tbis  region  vast  rangei  of  liilla  Mia  difls  extcDd  Tor  miles. 
jfldgea  of  trajHiock.  loose  tmp,  and  bowlderH,  are  found  in  prornaion. 

Timber  is  of  dense  growth  and  iwnisiats  of  white  pine  ;  black,  n-hil«,  and  yellow 
birch,  hemlock,  hard  maple,  elm,  oeilar,  bolsain,  bBeob,  and  other  species  of  Hinder 
growth.  There  is  a  trmiition  among  the  ludiaui  of  the  lake  region  that  "WsDi- 
B^jon,"  the  abori)dDal  devil,  inhabits  this  yrildemeaB,  which  territory  is  considered  by 
them  as  sacred  to  nim. 

Dam  (Pile.— The  dam  site  is  abont  2  miles  above  the  "Big  Falls"  (a  vertical  fall  of  10 
feet,  over  ledgM  of  trap-rock).  From  this  point  to  "  1)1  aekb urn's,"  10  miles  distant, 
rapids  are  almost  continaous,  the  stream  not  being  navigable  for  boats  of  any  kind. 
A  canoe  voyage  was  made  &om  Blackburn's  to  the  month  of  Totogutlc  for  the  pnqiose 
□f  exploring  that  portion  of  the  river.  The  stage  of  waler  wba  abont  1  foot  above 
low-water,  bnt  two  low  for  purposes  of  navigation.  Onr  progress  over  rapids  which 
were  ire<|ucut  was  necessarily  slow  and  fre<|ueut  portages  were  ueceisary.  Kapldi 
are  frequent  and  especially  so  from  the  dam  site  near  Gumore  Lake  to  the  outlet  of 
Driving  Lake.  The  valley  is  narrow,  being  from  200  to  600  feet  wide,  with  low  bot- 
toms, generally  on  one  side,  while  the  river  runs  near  a  high  hank  opposite.  The 
stream  is  very  crooked,  donuliag  back  and  forth  on  its  downwxnl  oonrsc.  Arriving 
at  the  month  of  TotOf-atlc  aft«r  two  days'  voyage,  a  snney  was  mwle  in  this  locality, 
■    of  which  previous  mention  has  been  made. 

Upou  the  conclnsionof  this  workadetaebed  party,  in  charge  of  Assistant  H.  Daven- 
port, was  sent  down  the  Namakagon  and  Saint  Croix  rtvers  with  instructiona  to  nuke 
examinations  of  the  Upper  and  Lower  Tamarac  rivers  for  holdinK-grounds.  Of  these 
streams  Assistant  Davenport  says:  "The  Upper  Tamaraeenturs  tie  Saint  Croix  about 
I  mile  lielow  the  Wieeonain  State  line.  The  streani  is  small  with  a  probable  dis- 
...faarge  of  15  cubic  feet  per  second  at  ordinary  stage  of  water.  The  valley  passed 
through  is  geuerally  wide  and  low,  abonnding  in  pillar  and  banl  woo<l  bottoms 
and  tamarac  mnrahes.  The  stream  is  very  crooked,  with  frequent  small  rapidH, 
auii  liua  a  fall  of  4  feet  or  more  per  mile.  The  only  locality  apparently  suited  for 
a  dam  sit«  is  on  the  upper  portion  of  the  stream,  where  several  small  creeks  come  to- 
sether,  bnt,  the  area  of  watersheds  is  so  small  as  to  make  it  of  no  practical  valae. 
The  Lower  Tamarac  enters  the  Siunt  Croix  some  10  miles  below ;  is  the  larger  of  the 
two  and  bos  a  probable  discharge  of  SO  cubic  feet  per  seoonA.  The  valley  is  noiTOW, 
with  high  pine  ridges  on  both  aides.  The  stream  is  very  erooked,  with  freqnent  smftll 
rapids  and  high  banks.  No  snitablo  site  fur  a  dam  or  holding-ground  is  known  on 
this  stream." 

The  remainder  of  the  party  came  through  to  Yellow  Lake  by  land,  where  examina- 
tion was  made  of  the  low  grounds  in  the  vicinity  of  Bass  Lake,  to  ascertain  the  amount 
of  dike,  if  any,  necessary  to  raise  the  height  of  proposed  dam  at  Yellow  Lake.  It  was 
foomd  that  abont  4,000  feet  of  dike,  with  the  additional  height  of  dam,  would  be  re- 
qniied. 

A  line  of  levels  was  run  firam  Marshland  to  Clam  Lake,  at  which  point  a  dom-^te 
was  chosen  and  surrey  made  on  a  basis  of  20  feet  rise  of  dam.  The  boldiog-g rounds 
are  large,  and  by  increasing  the  height  of  dam  to  25  feet,  which  may  be  done  with 
safety,  the  supply  of  the  watershed  may  be  held  at  this  point. 

Dam-lite. — The  site  selected  is  one-half  mile  below  the  outlet  of  Clam  I.ake,  and  a 
short  distance  above iChaae's  sltdclng-dam.  Length  of  dam,  560  feet;  heigbt  of  dam, 
■&  feet. 

The  banks  consist  of  sand,  which  appears  to  be  the  only  material  in  this  immediate 
vicinity.  The  river  bed  is  composed  of  sand  to  a  depth  vairing  train.  3  to  90  feet,  at 
which  points  soundings  indicate  a  hard  material,  Bupposed  to  be  clay  and  gravel. 
This,  however,  can  only  be  determined  by  borings  being  made  at  this  point. 

Area  of  watershed,  2634  square  miles 7,903,526,400  square  feet. 

Annual  rainfall 2B  inches. 

Available  rainfaU 0.7  ftiot. 

CobiD  ttel. 

Supply  from  watershed 5,632,468.480 

Capacity  of  reseivoir  St  35  feet  rise  of  dam 4,670,786, 500 

Surplus B61,681,9»(i 
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From  reservoirs  full  for  90  days  can  be  fu^ished,  per  day,  51,897,628 cubic  feet;  fcr 
second,  602  cubic  feet. 

The  river  above  Clam  Lake  consists  of  the  North  and  Sonth  Forks,  each  dischugiif 
about  the  same  volume  of  water.  At  Clam  Falls,  the  South  Fork  breaks  oyer  txw- 
rock  ledges.  Upon  reaching  the  foot  of  the  rapids  below  the  falla  the  slope  of  ue 
river  is  light,  being  about  2  feet  per  mile.  The  vallevs  of  the  atreams  are  wide,  wiik 
bottoms  fiom  2  to  5  feet  above  low- water,  extending  urom  one-fourth  to  one-half  *riU 
on  either  side.  Timber  consists  of  hard  and  soft  wood.  A  dense  £;Towth  of  nnder- 
brush  covers  the  bottom  lands.  Below  the  dam-site  the  river  is  very  crooked,  with 
no  rapids,  except  one  stretch  just  above  the  mouth. 

The  surveys  on  Clam  River  completed  our  operations  in  Wisconsin,  except  some  far- 
ther examinations  on  the  Saint  Croix  in  the  vicinity  of  the  mouth  of  Snaie  River. 

At  the  conclusion  of  this  work  we  proceeded  to  Pine  City,  on  Snake  River,  about  14 
miles  above  the  mouth.  Chenwatana  dam  is  located  on  Snake  River,  two  miles  below 
Pine  City,  and  just  below  Cross  Lake.  The  dam  is  owned  and  oi>erated  by  Mrs.  Anns 
Munch,  of  Saint  Paul.  It  is  maintained  wholly  for  sluicing  logs,  and  furnishing  wakr 
sufficient  for  driving  them  over  Snake  River  Kapids  and  into  the  Saint  Croix  River. 
In  case' of  low-water  in  the  Saint  Croix,  water  can  be  furnished  by  this  reservoir  ts 
drive  the  logs  to  Taylor's  Falls  and  to  the  lake  below. 

This  is  the  most  available  point  on  Snake  River  for  a  reservoir.  The  dam  consisti 
of  crib- work  and  stone,  and  has  one  24- foot  gate,  six  14-foot  gates,  and  one  8-foot  sate, 
all  of  the  Parker  patent,  and  constructed  for  9|  feet  head.  At  this  head  the  holding 
capaci^  of  the  reservoir  is,  in'  round  numbers,  one  and  seventh-tenth  billions  cabis 
feet.  By  raising  the  head  to  13  feet,  which  our  examination  proved  feasible,  the 
capacity  will  be  more  than  doubled,  or  increased  to  three  and  seven-tenths  billions  ca- 
ble feet.  More  than  13  feet  head  cannot  well  be  carried,  as  it  would  necessitate  tht 
construction  of  long  dikes  to  protect  the  city  from  a  partial  overflow,  and  the  ovw- 
flow  of  valuable  improved  farming  lands.  Thirteen  feet  head  will  flow  up  the  river 
to  Brunswick,  a  distance  of  24  miles,  thereby  flowing  out  Millett's  Rapids — a  short  dii- 
tance  below  Brunswick — ^which  have  a  fall  of  3^  feet  in  1^  miles. 

Examinations  were  continued  up  Snake  to  Ann  and  Knife  rivers  :  small  amounts  of 
water  may  be  held  on  these  streams  at  sites  which  are  now  occupied  by  sluicing-dami. 
The  amount  held  by  these  dams  would  probably  not  eixceed  600,000,000  cubic  feet,  as 
the  holding-grounds  are  small  in  every  case. 

The  streams  are  narrow  and  rapid;  the  valleys  admit  of  no  holding-grounds,  while 
the  lakes  are  small,  with  low  banks.  Native  trap-rock  abounds  in  the  bed  of  the 
streams..  Examination  of  Ground-House  River  was  also  made.  This  is  the  largeet 
tributary  of  Snake  River,  and  enters  1  mile  below  Brunswick  and  just  above  Miilstfe 
Rapids.  By  putting  in  a  20-foot  dam  just  below  the  forks  of  Ground-House  in  sectios 
7,  township  38  nortb^  range  24  west,  there  can  be  held  upward  of  1,000,000,000  cabie 
feet.    Aside  from  this  reservoir  no  holding-grounds  of  consequence  were  found. 

RESULTS   ON  SNAKE  RIVER. 

Area  of  watershed  above  Cheugwatana,  982  square  miles .  .27, 376, 588, 800  square  feet. 

Annual  rainfall 25inchn. 

Available  rainfall 0.7ibol. 

CaMo  f(Mt 

Supply  from  watershed 19,163,612,199 

Capacity  of  reservoirs : 

Ground-House 1,045,440,000 

Chengwatana 3,703,238,000 

Total  holding  capacity 4, 748, 678, 00(^ 

Surplus 1 14, 414, 934, 1» 

From  reservoirs  full  for  90  days  can  be  furnished,  per  day,  52,763,088  cubic  feet ;  per 
second,  610  cubic  feet. 

Both  sites  are  now  occupied  by  dams.  The  probable  cost  of  repairs  and  raising  the 
head  of  the  dam  on  Groimd-House  will  be  about  $8,500. 

The  head  of  Chengwatana  dam  might  be  raised  to  13  feet,  at  a  cost  of  $15,000.  Vnm 
Chengwatana  to  the  mouth  of  Snake  there  is  an  average  fall  of  11  fbet  ^r  mile  onr 
nearly  continuous  rapids  of  trap-rock,  ledges,  and  bowlders. 

Examinations  were  made  on  Kettle  River  and  tributaries,  with  little  hopes  of  findiaf 
holding-grounds  for  reservoir.  There  are  small  holding-grounds  oi^  Moom,  WiUov, 
and  Pine  rivers,  but  in  each  case  too  small^  or  8ituate4  too  near  the  sonxoe  Oifthe  ■tniii^ 
to  be  of  value. 

We  found  no  holding-grounds  on  Kettle  River.  The  river  has  an  average  &n  sf  ^ 
to  8  feet  per  mile,  over  sharp  pitches  and  long  stretches  of  rapids.     The  htaka  an 
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liigh  and  preci])itou8  and  the  valley  narrow,  admitting  of  no  holdinff-gronnds  in  itself. 
"nie  ridges  on  either  side  are  high  and  well  supplied  with  pine  and  hard- wood  timber. 
Examination  of  the  Saint  Croix  YaUey  was  made  below  the  mouth  of  Snake  and  Ket- 
tle rivers  for  the  purpose  of  obtaining  holding-grounds  for  a  portion  of  the  large  sur- 
plus on  those  streams.  This  was  found  to  be  ijnpracticable,  the  valley  beinff  compara- 
tively narrow,  with  bottoms  rising  rapidly  to  blaffs  on  either  side.  The  slope  of  the 
river  is  very  large,  especially  above  the  mouth  of  Snake.  At  the  head  of  Kettle  River 
Rapids  on  the  Saint  Croix,  i^  miles  above  the  mouth  of  Kettle  Kiver,  a  cross-section 
for  dam-si t«  was  made.  Leneth,  2,500  feet ;  height  of  rise,  25  feet.  The  banks  at  this 
point  consist  of  clay  and  sand,  with  trap-rock  ledge  for  foundation.  The  slope  of  the 
river  above  the  dam-site  is  about  2^  feet  per  mile. 

This  enables  us  to  show  the  following  results  on  the  Saint  Croix  Kiver  above  the 
dam-site  at  the  head  of  Kettle  River  Rapids  (called,  in  Table  No.  1,  Lower  Saint 
Croix) : 

Area  of  watershed,  2,962  square  miles 82, 575, 820, 800  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  foot. 

Cal)i&  feet. 

Supply  from  watershed 57,803,074,560 

Capacity  of  reservoirs : 

Upper  Lake  Saint  Croix 4,698,269,800 

Eau  Claire  Lakes 961,045,400 

Upper  Totogatic 1,388,605,680 

Lower  Totogatic 1,541,016,900 

Gilmore  Lakes 2,881,095,000 

Veazie's  (Namakagon) 1,379,393,850 

Lower  (Namakagon) 3,082,033,820 

Mud  Lake 396,377,420 

Rice  Lake 2,474,944,500 

Yellow  Lake 3,402,712,000 

Clam  Lake 4,670,786,500 

Head  of  Kettle  River  Rapids 2,709,500,000 

Total  holding  capacity 29,585,780,870 

Surplus 28,217,293,690 

Wc  can  then  show  the  following  results  on  the  Saint  Croix  River  as  far  as  l^xamina- 
tions  have  been  made : 

Watershed  of  the  Saint  Croix  River  above  the  mouth  of 

Snake  River,  5. 012  square  miles  = 139, 726, 540, 800  square  feet. 

Annual  rainfall 25  inches. 

Available  rainfall 0.7  foot. 

Cable  feet 

Supply  from  watershed 97, 808,  SB'S,  560 

Capacity  of  reservoirs : 
Dam-sit«  at  the  head  of  Kettle  Riyer  Rapids,  and  above 

that  point 29, 585, 780,  «70 

From  Snake  River 4,748,678,000 

Total  holding  capacity 34,334,458,870 

Leading  a  surplus  of 63,474,119,690 

From  reservoirs  full  for  90  days  can  be  furnished,  per  day,  381,493,987  cubic  feet ; 
per  second,  4.415  cubic  feet. 

From  surplus  for  270  days  can  be  furnished,  per  day,  230,814,617  cubic  feet ;  per 
second  2,671  cubic  feet. 

This  comprises  all  of  the  Saint  Croix  River  watershed  above  the  mouth  of  Snake 
River.  From  this  showing  we  hold  only  85  per  cent,  of  the  supply  from  one-third  of 
the  annual  rainfall  taken  at  25  inches,  thus  leaving  only  65  per  cent,  of  the  supply  as 
available  throughout  the  remainder  or  the  year.  ' 

Appended  hereto  is  a  tabulated  statement  of  the  discharge  of  the  different  streams 
taken  at  dam-sites  ami  other  points,  with  stage  of  water  wnen  taken  as  near  as  oonld 
be  determined  from  information  at  nand. 

A  list  of  existing  sluicing-dams  is  also  attached,  showing  such  information  as  we 
were  able  to  gain  in  regard  to  age,  cost,  capacity,  and  effect  on  the  river  below. 

We  show,  also,  a  list  of  elevations  at  difirbrent  points  on  the  Saint  Croix  and  tribu- 
taries, with  slope  per  mile  between  points,  and  on  the  whole  length  of  river  examined. 
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ThoM  elevations  marked  approximate  were  arrived  at,  as  near  as  possible,  from  olker 
levisl  lines,  slopes,  uid  suon  other  information  as  we  were  able  to  obtain.  Tlisy  are 
pat  in  to  asaist  in  giving  a  general  idea  o£  the  coontrj  gone  over. 

We  also  give  tables  showing  the  watershed  above  each  dam  in  s^oare  miles  and 
square  feet,  soppl^  by  each  one-uiird  and  one-fovth  the  ramfall  eMMMntj  of  reservoirB^ 
and  amounts  famished  per  day  and  second  for  a  period  of  ninety  days. 

TABLB  V. — (SUMMARY.) 

Sq.  milas.  Sqiun  feet 

Watershed  of  Saint  Croix  above  the  head  of  Kettle  River 

Rapids 2,968       88,576,890,800 

Watershed  of  Snake  above  Chengwat^na 988       87,376,588.800 

Total  watershed  tributary  to  reservoirs 3, 044      109, 952, 409, 600 

CnMcfeet 

Supply  by  one-third  rainfall =0.7  foot 76,966^686,780 

Capacity  of  proposed  reservoirs 34,334,458,870 

Surplus 48,638,287,860 

Sq.  miles.  Square  feet 

To  which  add  watershed  of  Snake  below  Chengwatana  and 

the  Saint  Croix  from  mouth  of  Snake  to  dam  above 35  975, 744, 000 

Watershed  of  Kettle  River 1,033       28,798,387,800 

Total  watershed  above  mouth  of  Snake  not  tributary 
to  reservoirs 1,068        29,774,131,200 

CuMcfeel. 

Supply  by  one-third  rainfall =0.7  foot 20,841,891,840 

Add  former  surplus 42,632,887, 


Total  surplus  at  mouth  of  Snake 63,474,119,690 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  381,493,985  cubic  feet ; 
per  second,  4,415  cubic  feet. 

This  comprises  all  the  watershed  of  the  Saint  Croix  River  and  tributaries  above  the 
mouth  of  Snake  River. 

TABLE  VI. 

Sq.  miles.  Square  feet 

Watershed  of  the  Saint  Croix  above  head  of  Kettle  River 

Rapids 2,962        82,575,820,800 

Watershed  of  Snake  above  Chengwatana 982       27, 376, 588, 800 

Total  watershed  tributary  to  reservoirs 3, 944      109, 952, 409, 600 

Cubic  feet 

Supply  by  one-fourth  raiufall  =  0.52  foot •. 57, 175,252,992 

Capacity  of  proposed  reservoirs 30, 347, 860, 578 

Surplus 26,827,392,414 

Sq.  miles.  Square  feet 
To  which  add  watershed  of  Snake  below  Chengwatana  and 

the  Saint  Croix  from  mouth  of  Snake  to  dam  above 35  975, 744, 000 

Watershed  of  Kettle  River 1,033  28,798,387,200 

Total  watershed  above  mouth  of  Snake  not  tributary 
to  reservoirs l,06r^        29,774,131,800 

Cubic  feet 

Supply  by  one-fourth  rainfall  =0.52  foot 15,488,648,884 

Add  former  surplus 26,887,398,414 

Total  surplus  at  mouth  of  Snake 42,309,940,638 

From  reservoirs,  full,  can  be  furnished  for  90  days,  per  day,  337,198,448  oubio  feet; 
per  second,  3,901  cubic  feet. 

This  comprises  all  the  watershed  of  the  Saiut  Croix  River  and  tributaries  above  the 
mouth  of  Snake  River. 
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SxUUiiff  tltticing  iamt  om  Ike  8^*1  Otobc  £imr  and  MiKforfM. 
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In  MinneHotB,  damB  for  aluioing  togs,  timber,  oi  lumber,  are  ooDstracted  a&d  oper- 
At«d  under  a  general  lioenae  law  patwed  bf  the  State  in  1^1,  whioli  aat^rizet  tlie 
coantf  couuniBBioQerH  of  the  counties  wherein  dami  are  to  be  located  to  slant  lioenie, 
providing  ancli  dam  is  neoeesaiy  at  the  point  applied  foT,  and  that  the  land  is  in  tlie 
pBMeasion  of  the  parties  applying  therefor.  Licenses  maj  be  granted  for  a  period  aot 
exceeding  six  years,  and  renewed  npon  application.  Bonds  of  not  less  tnan  ^,000 
leqaired.  Toll  on  logs,  lumber,  or  timber,  not  to  exceed  6  cents  per  1,000  fast  board- 
measure,  except  in  the  case  of  the  Snake  Eivei  Dam  (Chenzwatana),  which  is  allowed 
toll  not  exceeding  10  cents  per  1,000  feet  board-measore.  ChengwatanaDamwasorig- 
iDsUy  built  and  opwated  ondei  a  charter  nsntAd  from  the  Territorial  goremment 

The  cost  of  dams  as  snbiiutted  in  Table  I,  doea  not  inolade  oost  of  dunage  to  ^p- 
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dani,  with  repairs  safficieut  to  raise  the  head  to  13  feet,  might  be  aeoiired  at  a  proba- 
ble cost  of  $15,000,  by  giving  the  proprietors  the  same  riffhts  for  dnidiig  logs  and 
using  water  which  they  now  have.  This  is  a  new  dam  ana  would  aatwer  every  pur- 
pose at  this  point  for  ten  years  or  more  with  the  usual  repairs  which  timber  steno- 
tnres  require.  In  submitting  the  cost  of  a  dam  at  this  point,  however,  I  estimate 
$30,000 ;  this  bein^  a  safe  estimate  in  either  case.  In  regard  to  damage  to  property  by 
overflow,  at  this  time  we  are  not  provided  with  sufficient  information  to  g^ve  an  in- 
telligent estimate. 

In  assuming  one-fourth  of  the  annual  rainfall  as  available,  dams  at  Ean  Claire  and 
Mud  lakes  wul  not  be  required,  and  the  cost  of  dams  on  Upper  Saint  Croix,  Rice,  and 
Clam  lakes  will  be  materially  reduced. 

The  list  of  existing  sluicingd  ams  does  not  comprise  all  existing  dams  on  the  Saint 
Croix  watershed,  but  those  which  were  found  as  far  as  examinations  were  extended 
or  likely  to  be  oi  use  in  a  system  of  reservoirs. 

Thanks  are  due  Mr.  Charles  Bean,  of  Hersey,  Bean  &  Brown,  Stillwater,  for  valu- 
able information  ;  also  to  Messrs.  Munch  Brothers,  of  Saint  Paul,  for  like  fovora.    To 
Assistants  R.  Davenport  and  G.  W.  Carrington,  much  credit  is  due  for  faithful  and 
intelligent  co-operation  in  the  early  accomplishment  of  the  work. 
Very  respectfully,  your  obedient  servant, 

'  Vine  D.  Simar, 
Jssistant  Engineer. 

Maj.  Charles  J.  Allen, 

Captain^  Carps  of  EngineerSy  V.  S,  J. 
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Chippew^a  River. 

report  of  mr.  archibald  johnson,  assistant  enoine£r« 

Engineer  Office,  United  States  Armt, 

Saint  Paulf  December  24, 1879. 

Major  :  I  have  the  honor  to  submit  the  following  repprt  of  surveys  made  by  me, 
under  your  direction,  on  the  sources  of  the  Chippewa  River,  for  the  purpose  of  esti- 
mating the  capacity  of  reservoirs  and  the  cost  of  creating  and  maintaining  the  same. 

Pursuant  to  your  instructions,  I  proceeded  on  the  9th  of  June  to  Chippewa  Orosi- 
ing,  on  the  line  of  the  Wisconsin  Central  Railroad,  and  arrived  there  on  the  11th. 
Tms  was  made  the  initial  point  of  the  survey. 

The  first  work  to  be  done  was  to  select  a  point  on  the  grade  at  the  soutUend  of  the 
railroad  bridge,  which  wa«  afterwards  ascertained  to  be  9^0.5  feet  above  Lake  Superior, 
or  1,522.5  feet  above  the  sea-level,  and  from  there  run  to  Bear  Lake  two  sets  of  levele, 
taking  elevations  of  the  water  in  the  river  at  the  head  and  foot  of  rapids  whenever  it 
was  practicable  to  reach  the  river. 

Besides  this,  a  reconnoissance  was  made  of  the  river.  We  started  down  the  river 
on  June  13.  The  river  from  Chippewa  Crossing  to  the  bend  in  section  34,  township  48 
north,  range  2  west,  consists  oi  a  series  of  small  rapids,  the  fall  varying  from  1  to  3 
feet.  At  the  bend  tnere  is  about  1  mile  of  sluggish  water,  but  from  there  to  the  west 
side  of  section  20,  township  42  north,  range  2  west,  it  is  again  a  series  of  rapids  from 
500  to  600  feet  long,  the  fall  being  usuafly  from  2  to  6  feet.  From  that  point  to  the 
foot  of  Pelican  Lake  the  fall  is  only  1.8  feet.  At  this  locality  a  reservoir  contatning, 
perhaps,  500,000,000  cubic  feet  might  be  created  ;  but  as  there  were  a  sufficient  num- 
oer  of  other  reservoirs  ahead,  of  greater  importance,  to  take  up  our  time  for  the  sea- 
son, no  survey  was  made. 

From  the  foot  of  Pelican  Lake  to  Bear  Lake  the  river  is  again  a  series  of  rapids, 
between  which  are  stretches  of  swift  water  varying  from  1,000  to  4^<K)0  feet  in  length. 
The  river  is  from  50  to  125  feet  wide,  with  banks  from  5  to  20  feet  high,  while  the 
ground  rises  back  from  the  river  20  or  30  feet  in  one-half  mile. 

The  drift  from  Chippewa  Crossing  to  the  existing  dam  below  Bear  Lake  consistiS 
of  a  fine  sand^  loam  somewhat  impervious  to  waten  and  clay  of  a  light  reddish  color, 
in  which  are  invariably  found  numerous  bowlders  from  6  inches  to  5  feet  iu  diameter. 

The  swamps  are  usually  peat,  covered  with  a  growth  of  tamarac,  spruce,  laid  cedar. 
The  timber,  taken  in  the  order  in  which  it  predominates,  consists  of  hemlock,  white 
pine,  tamarac,  spruce,  birch,  balsam,  maple,  &c.  At  the  east  end  of  Bear  Lake,  and 
ext'Onding  along  on  the  nortn  side  or  the  river,  is  a  windfall  which  occuired  in  1807. 

The  elevation  of  low-water  at  Chippewa  Crossing  is  1,509.3  feet  above  the  sea-level, 
the  datum  to  which  all  elevations  alluded  to  in  this  report  are  referred. 
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Tlic  ckvatioD  of  low-nat«r  at  Bear  Luke  anil  above  tbe  exiatlDg  dam  l«  1,4112.0  feet, 
makjne  a  fait  of  7tj.4  feet  trom  Chipnena  CTosaing  U>  this  point. 

Ou  Jane  19  we  macbed  Bear  La&e,  wkicb  was  the  first  rosen'oir  silrveyod.  The 
elevatioQ  of  low-^ater  at  tbe  propiiavd  dam-Eite  ig  about  1,41KI  feet. 

The  reservoir  baa  a  watershed  of  344.5  aquare  milc^  or  6,916,268,800  sauare  feet. 

Tbe  rapply  &oin  nne-third  the  rainfall,  Waich  for  this  region  is  Baaumed  at  30  inehca 
peraonninjiB 5,677,961,910 oubio feet.  TheHUperfieialarea of tboreBet\-oiTis  117,1131,471) 
sqDoie  feet,  equal  to  4.2  square  inilod  nearlr.  and  its  capacity  is  1,113,148,856  cubic 
"    '      Hence  there  will  be  a,  surplus  of  4,364,603,054  cubic  feet.     Its  capacity  will  give 
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for  90  days  143.iri  cubie  feet  per  second.'    (See  Table  I.) 

If  one-fourth  tbe  rainfall  is  assumed  as  available,  tbe  s  ,.  ,       ,      , 

cubic  feet,  and  the  surplus  3,147,019,144  cubic  feet,  which  will  pasH  down  to  I.ittlo 
Chief  Lake.     (See  Tabb,  II.) 

The  length  of  the  dam  will  be  1015  feet,  and  ita  maximum  hcieht  19.5  fimt  above 
low-wati'r.  It  requires  a  dike  200  feet  ionff,  with  a  maKimttm  height  of  8.5  feet.  The 
Kronnd  at  the  dam-«ite  consists  of  claf  of  a  light  reddish  color,  mixed  with  gravel  and 
bowlders ;  there  are,  alsoj  gravel  and  bowlders  in  tbe  bed  of  the  river  j  ana  from  in- 
dications below  tbe  existing  dam,  the  olay  urast  extend  to  a  considerable  depth  below 
the  bed  of  the  river.  The  only  way,  however,  in  which  this  fact  can  be  determined  is 
by  excavations.     I  do  not  consider  it  possible  to  make  borings  at  this  locality. 

The  water  in  the  reservoir  will  be  confined  principally  to  the  lake  itself,  and  to  adja- 
cent swanjpa,  which  arc  peat,  and  on  which  is  a  dense  growth  of  tamarac,  sprace,  and 
white  cedar,  var^iug  from  S  to  S  inches  in  diameter.  Where  hard  gronnd  is  flooded, 
tbe  gronnd,  as  ah'ei^y  described,  consistti  of  sandy  loam  and  clay.  These  two  clasaea 
of  soils  are  sometimes  fonnd  in  strata,  sometimes  in  distinct  masses,  and  sometimes 
mnoing  into  another  without  any  regalarity,  the  clay  as  a  mle,  however,  laraely 
predominating.  Tbe  pine  within  the  umil«  of  tbe  reservoir,  as  well  as  for  a  oooBider- 
able  distance  beyond,  lias  been  cut  over  once  or  twice  and  there  is  not  much  left  that 
will  be  damaged  by  water. 

At  the  proposed  dam-site  there  is  plenty  of  mat«rialB  for  the  construction  of  a  wooden 

This  dum  was  constmcted  in  August  and  September,  1877,  by  the  Cbijipewa  Hiver 
Improvement  Company,  at  a  cost  of  (5,&00.  It  is  what  is  tenned  a  fluwling  dam,  and 
the  object  of  it  is,  as  well  as  of  all  others  of  its  class,  to  store  up  water,  and  create  what 
is  termed  a  driving  stage  for  lo^  by  suddenly  raising  the  gates.  Ita  capacity  is  about 
300,000,000  cubic  leet,  and  requires  about  a  mouth  to  GU  during  the  low-watet  season. 
It  has  a  water-way  of  4'2  feet,  and  is  bnilt  for  a  10-fnot  bead.  There  are  four  sliding 
gates,  two  of  them  7  feet  by  ID  feet,  and  two  3  feet  by  10  feet.  There  is  also  a  sluice- 
way controlled  by  stop  plank,  13  feet  by  10  feet.  The  gat«s  are  raised  by  means  of 
iron  levers  applied  to  cast-iron  racks  on  the  rear  and  lower  sides  of  the  gates.  The 
planks  are  raised  by  means  of  a  wooden  windliuut  directly  over  the  plank.  The  entire 
length  of  the  dkm  is  574  feet.  In  looking  at  the  dam  from  the  south  end  there  Is, 
first,  the  left  wiug,  150  feet  long ;  then  a  pier  36  feet  long,  S  feet  wide,  and  lil  feet 
high ;  then  a  sluice-way  7  feet  wide  and  10  feet  deep ;  next  a  plank  partition  1.&  feet 
wide;  again  asluice-waydfeet  wide  and  10  feet  deep;  next  a  pier  with  an  ice-breaker 
36  feet  long,  7  fuet  wide,  and  13  feet  high ;  thou  a  sluioe-way  13  feet  wide  by  10  feet 
deep;  again  a  pier  36  feet  long,  7  feet  wide,  and  13 feet  hiffh;  next  a  sluice-way  8feet 
wide  and  10  feet  deep ;  then  another  partition  1.5  teot  wide ;  next  a  sluice-way  7  feet 
wide  and  10  feet  deep ;  and  again  a  pier  36  feet  long,  7  feet  wide,  und  10  feet  deep ; 
lastly,  tbe  right  wing,  350  feet  long.  These  piera  are  said  to  rest  ou  a  foundation  of 
clay,  gravel,  and  brush,  and  are  built  of  square  timber  and  filled  with  rook.  For  the 
wings  a  cub  work  of  long  and  heavy  round  logs  is  built  up,  tbe  fhiut  of  which  is  ver- 
ticar,  while  the  rear  or  npstream  part  has  a  sloiie  uf  about  li  feet  horiiuntal  to  1  foot 
vertical  to  receive  the  covering,  wnich  is  also  i^  round  logs  &um  12  to  14  inches  in 
diameter.  The  foot  of  this  covering  simply  rests  on  the  ground,  and  is  protected  by  a 
backing  of  clay,  gravel,  and  biush.  There  is  no  covering  in  fVout  of  the  wings,  as  the 
water  in  never  allowed  to  flow  over  the  dam. 

Whenever  the  water  rises  to  the  top  of  the  dam  a  gate  is  raised.  Below  the  piera 
there  is  an  apron  50  feet  long ;  and  in  line  with  the  main  piera  there  aro  low  pient  ou 
this  aprun  about  3  feet  high,  and  filled  with  rook.  These  are  put  in  so  that  when  all 
the  gates  are  not  open  the  water  will  not  spread  out  on  the  apron.  There  is  a  great 
deal  of  leakage  at  this  dam,  and  it  would  ^eem  as  if  it  would  not  last  very  long. 

The  SQn'ey  t^f  Bear  Lake  v/aa  tiui^ed  o^  July  13. 

Levels  were  next  run  to  Little  Chief  Lake,  which  was  the  next  rewirvolr  surveyed. 
Levels  were  taken  at  the  head  »^i  foot  of  the  principal  rapids.  From  Bear  Lake  tn 
Little  Chief  Lake  the  river  is  very  treachoruns,  and  unsafe  fur  canoea  or  bateaux, 
when  it  is  above  an  ordinary  stage,  on  account  of  rocks  and  sharp  bends  in  the  river. 
The  worst  of  theiw  are  Cedar  Rapids  and  Snnptail  Rapids.     Cedar  Rapids  ore  about  3 


1626     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    U.    8.   ABMT. 

mileB  long,  commencing  about  2  miles  bolow  the  proposed  dam-tdte  at  Bear  Lake,  and 
ending  at  the  southwest  comer  of  section  10,  township  40  north,  ranga  4  west,  tbe 
fall  being  about  54  feet.  From  Blaisdell's  Lake  (see  general  map)  to  fhe  head  of 
Snaptail  Rapids  the  river  has  a  gentle  current.  Snaptail  Rapids  are  about  1|  miles 
long,  and  end  at  Hunter's  Lake,  haying  a  fall  of  45  feet  in  that  distance. 

At  Blaisdell's  Lake  a  small  reservoir  might  be  created  holding  about  250,000,000 
cubic  feet  of  water,  but  having  considered  it  too  small  it  was  not  surveyed. 

The  country  along  the  river  from  Bear  Lake  to  Little  Chief  Lake  is  timbered  with 
hemlock,  white  pine,  tamarac,  spruce,  cedar,  birch,  balsam^  &c.  On  the  south  aide 
of  Hunter's  Lake  there  is  an  old  windfall  whicli  occurred  in  1872,  stretching  to  the 
southwest,  and  northeast  to  Lake  Superior. 

The  banks  of  the  river  from  Bear  Lake  to  the  foot  of  Little  Chief  Lake  vary  from 
4  to  50  feet  high. 

The  ground  along  Hunter's  Lake  and  Little  Chief  Lake,  sometimes  known  as  Barker's 
Lake,  &  from  35  to  60  feet  high.  The  drift  consists  of  sandy  loam  and  a  light  red- 
dish clav  mixed  with  bowlders.  It  is  what  is  termed  a  rocky  soil.  The  swamps  are 
peat  and  are  covered  with  a  dense  growth  of  tamarac,  spruce,  and  cedar. 

Little  Chief  Lake  reservoir  has  a  watershed  of  57.6  square  miles,  equal  to  1,605,795,340 
square  feet.  The  superficial  area  is  46,781,532  square  feet-,  eaual  to  1.6  square  miles, 
nearly.  Its  capacity  is  771,332,009  cubic  feet.  The  available  supply  from  one- third 
the  rainfall  is  1.337,627,935  cubic  feet.  Hence  the  surplus  from  its  own  watershed  is 
566,295,926  cubic  feet.  Adding  to  this  the  surplus  from  the  Bear  Lake  reservoir,  for 
one-third  the  rainfall,  we  have  a  total  surplus  of5, 131,098,980  cubic  feet.    (See  Table  L ) 

Assuming  one-fourth  the  rainfall  as  available,  there  is  a  surplus  of  232,29(X391  cubic 
feet.  Adding  to  this  the  surplus  from  the  Bear  Lake  reservoir  for  one-fourth  the 
rainfall  and  there  is  a  total  surplus  of  3,379,309,535  cubic  feet.  (See  Table  II.)  The 
reservoir  will  give  a  supply  for  90  days  of  99.19  cubic  feet  rer  second. 

The  proposed  dam-site  is  located  at  the  head  of  a  series  of  rapids  which  extend  down 
to  the  confluence  of  this  branch  with  the  West  Fork. 

The  banks  at  the  dam-site  consist  of  sandy  loam,  clay,  and  bowlders.  On  the  bed 
of  the  river  and  on  the  low  ground  there  is  a  thick  layer  of  bowlders,  below  which 
there  is  evidently  the  usual  clay  or  perhaps  rock. 

The  total  length  of  the  dam  is  710  feet,  and  its  maximum  height  above  low-water 
24  feet.  The  pine  within  the  limit-s  of  this  reservoir  has  been  mostly  cut,  but  there  is 
an  abundance  left  for  all  purposes  of  construction,  and  rock  ft)r  pier  filling  is  quite 
convenient. 

The  water  in  this  reservoir  will  be  confined  chiefly  to  the  lakes  and  adjacent  swamps. 
The  elevation  of  low-water  at  the  dam-site  is  1,323.4  feet ;  hence  the  total  fall  from 
Chippewa  Crossing  to  that  point  is  185.9  feet. 

Tne  survey  of  Little  Chief  Lake  reservoir  was  completod  August  1.  Levels  were 
next  run  across  from  Little  Chief  I^ake  to  the  proposed  dam-site  on  the  "West  Fork  of 
the  Chipnewa  River.  The  elevation  at  that  point  is  1,285  feet.  The  fall  from  Little 
Chief  Lake  to  the  confluence  of  the  East  aud  West  Forks  is  about  43  feet  in  a  distance 
of  2f  miles.  The  river  between  those  points  is  a  series  of  rapids,  and  the  bed  of  the 
river  is  literally  paved  with  bowlders.  The  banks  are  from  10  to  20  feet  high,  and 
the  drift  a  reddish  clay.  Between  the  junction  of  the  East  and  West  Forks  to  the 
proposed  dam-site  at  Pa-kwa-wang  there  is  a  swift  current.  There  are  several  gravel 
bars,  but  no  rapids. 

Wo  reached  Pa-kwa-wanj^  on  August  2. 

The  Pa-kwa-wang  reservoir  has  a  watershed  of  2.57.2  square  miles,  equal  to  7^170,324,4^0 
Sfjuare  leet.  The  supply  from  one-third  the  rainfall  is  5,972,8»S0,292  cubic  feet.  Its 
capacity  is  7,692.997,229  cubic  feet.  The  deficiency  is  received  from  the  watershed 
to  the  if ooso  Lake  reservoir,  whicli  is  above  this  on  the  West  Fork  and  has  a  large 
surplus.     (St'c  Table  I.) 

Its  surface  area  is  580,.57d,192  square  feet,  e^jual  to  20.8  square  miles  nearly.  The 
suri>lus  from  one-third  the  rainfall  received  from  the  Moose  Lake  reservoir,  and  pass- 
ing through  this,  is  1,2;V4,725,^?14  cu])ic  feet.  (See  Table  I.)  Tliis  reservoir  will  furnish, 
for  90  days,  9H9.33  cul)i(;  feet  per  second. 

From  one-fourth  the  rainfall,  after  filling  the  Moose  Lake  reservoir,  then?  will  be  a 
deficiency  of  l,491Vi64,631  cubir  feet.  This  deficiency  may  be  received  frx>m  the  East 
Fork  and  still  leave  a  suri>lus  passing  the  dam  at  Little  Chief  Lake  of  1,H79,944,904 
cubic  feet.  This  will  require  a  2.'>-fo<>t  dam  at  Little  Chief  Lake.  The  water  will  pass 
across  from  the  southwest  bay  of  the  lake.  (See  A  on  general  map.)  The  discharge, 
without  making  up  the  deficienev,  will  be,  for  IH)  davs,  79<),5  cubic  feet  per  second. 
(See  Table  XL) 

The  water  in  this  reservoir  will  be  confined  principally  to  the  riveri  swamps,  and 
marshes.  A  few  points  of  hard  land  will,  however,  be  flooded,  the  soil  of  which  con- 
sists of  sand,  sandy  loam,  and  clay. 

The  timber  on  the  hard  ground  on  the  east  side  of  the  West  Fork,  and  on  the  west 
side  of  the  river  for  a  mile  above  the  proposed  dam-site,  and  again  commencing  about 
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ft  mile  above  the  mouth  of  Little  Chief  Biver,  consists  of  hemlock,  white  pine,  taoui^ 
rac,  spruce,  birch,  balsam,  d&c.  With  this  exception,  the  timber  on  the  hArd  groui^ 
within  the  limits  of  this  reser>'oir,  and  for  several  miles  to  the  north  and  south  of  Ljy^ 
tie  Chief  Biver,  consists  of  scattering  Norway  and  white  pine,  usually  d^bmaged  by  fi^> 
There  are  also  numerous  patches  of  poplar  brush  which  has  spruns  up  after  fires.    Tlie 

f  pound  to  the  north  and  south  of  Little  Chief  River  is  high  and  broken,  rising  som^- 
mes  50  or  75  feet  above  the  marshes  bordering  on  the  river. 

The  water  in  Little  Chief  River,  in  its  tributaries  and  surrounding  lakes,  is  clear 
spring-water,  and  is  derived  from  the  high  ground  surrounding,  which  is  usually  sand 
and  sandy  loam.  In  sections  14,  15,  21,  22,  23,  township  40,  ranse  7,  there  is  a  float- 
iflg  l>0£i  which  rises  and  falls  with  the  river,  which  has  scarcely  any  timber.  (See 
general  map.) 

Oil  the  swaxnps  there  is  a  dense  growth  of  spruce  and  tamarac,  from  2  to  6  incheq 
in  diAmeter.  The  swamps  are  peat.  The  ground  at  the  proposed  cuun-site,  asalrea^Fi 
described,  is  clay  and  sandy  loam.  The  bed  of  the  river  is  coarse  gravel,  sand,  ani 
clay. 

The  West  Fork  of  the  Chippewa  from  the  proposed  dam-site  to  the  mouth  of  Little 
Chief  River  is  sluggish,  there  being  only  1.5  feet  fall  in  that  distance,  f^m  these  to 
the  limit  of  flowage  it  consists  of  a  series  of  rapids  and  still  reaches^  sometimes,  thxee- 
fburths  of  a  mile  in  length.  Little  Chief  River  and  its  tributaries  in  some  plafie^ 
liave  a  strong  current,  but  usually  the  current  is  sluggish.  Along  these  streanu^  aa 
well  as  from  tlie  moutn  of  Little  Chief  River  to  the  proposed  dam-site,  there  are  ex- 
tensive rice-fields  and  meadows. 

This  reservoir  lies  mostly  within  the  reserve  for  the  Courtes-Oreilles  band  of  Chip* 
pewa  Indians.  These  Indians  have  selected  lands  within  the  limits  of  the  reserve  &f 
farms  and  have  been  supplied  by  the  government  with  farming  implements.  I  haire 
been  informed  that  adults,  both  male  and  female,  are  entitled  to  80  acres  of  land,  a|id 
that  those  who  have  selected  homesteads  and  made  the  necessary  improvements  ara 
expecting  to  receive  their  patents  this  year.  Their  farms  so  far  extend  along  tba 
West  Fork  from  the  proj>osed  dam-site  to  the  mouth  of  Little  Chief  River,  and  again 
on  the  west  and  south  sides  of  Chief  Lake. 

The  length  of  the  proposed  dam  is  900  feet,  and  maximum  height  above  low-water 
25.5  feet. 

I  have  been  informed  that  it  is  the  intention  of  the  Mississippi  River  Logging  Com- 
pany to  construct  a  16-foot  dam  this  winter  about  1,000  feet  above  the  proposed  dam- 
site  here. 

There  are  two  small  existing  dams  within  the  limits  of  this  reservoir ;  one  is  located 
at  the  mouth  of  the  outlet  to  Pokegama  Lake  and  the  other  on  Little  Chief  River  at 
thQ  northeast  comer  of  section  26,  township  40  north,  range  7  west.    The  one  at  Poke^ 

Sama  Lake  has  a  sluice-way  8  feet  wide  and  8  feet  deep  controlled  by  a  sliding  gate, 
iach  wing  is  about  50  feet  long  with  the  covering  sloping.  Its  construction  is  similar 
to  that  at  Bear  Lake.  The  dam  on  Little  Chief  River  is  142  feet  long  and  there  are 
three  sluice-ways,  each  8  feet  wide  and  6  feet  deep,  controlled  by  sliding  gates.  The 
right  wiDg  is  :i7  feet  long  and  the  left  77  feet. 

Instead  of  piers  at  the  sluices  there  are  partitions  formed  by  planking  rectangular 
frames  resting  on  the  floor  of  the  sluices.  The  covering  of  the  wings  slope  up  stream 
and  rest  on  cob- work  of  round  logs,  as  at  Bear  Lake.  The  toe  of  the  dam  is  first  pro- 
tected by  driving  sheet  piles  at  the  foot  of  the  covering  and  in  front  of  the  sluices,  and 
as  an  additional  security  there  is  a  backing  of  clay  and  sandy  loam. 

There  is  a  difference  of  1  foot  between  the  water  above  and  below  the  dam.  This 
dam  creates  a  driving  stage  for  lo^  out  of  the  valley  of  Little  Chief  River  and  down 
the  West  Fork  as  far  as  the  mouth  of  the  East  Fork.  It  cost  $500  and  was  built  in 
May. 

The  survey  of  this  reservoir  was  completed  September  6. 

Levels  were  now  continued  up  the  West  Fork  to  Moose  Lake,  where  the  next  reser- 
voir was  surveyed.    We  reached  that  point  on  September  9. 

The  elevation  of  low-water  below  the  existing  dam  there  is  1,358.8  feet,  and  above 
the  (lam  1,361.9  feet.  The  proposed  dam-site  is  100  feet  above  the  existing  dam,  and 
low-water  is  assumed  at  1,358.8  feet. 

The  West  Fork  of  the  Chippewa,  from  the  mouth  of  Little  Chief  River  to  Moose 
Lake,  is  a  series  of  rapids,  between  which  are  stretches  of  sluggish  water.  The  banks 
are  generally  from  10  to  30  feet  high. 

The  timber  along  the  river  is  mostly  white  pine  and  hemlock.  Lumbering  has  been 
carried  on  along  this  portion  of  the  river  for  a  great  many  years,  and  close  to  the  river 
there  is  not  much  pine  of  a  good  quality  left.    The  soil  is  usually  clay. 

The  area  of  the  watershed  of  the  Moose  Lake  reservoir  is  214.3  square  miles,  and 
the  enpply  from  one-third  the  rainfall,  which  has  been  assumed  at  30  inches,  is 
4,976,626,153  cubic  feet,  and  its  capacity  is  2,021,783,402  cubic  feet.  Hence,  after  sup- 
plying the  deficiency  of  wat-er  from  the  watershed  of  the  Pa-kwa-wang  reservoir  mt 
that  dam,  there  is  still  a  surplus  of  1,234,725,814  cubic  feet  to  pass  down  river.    (See 
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Table  I.)    Its  sapply  from  one-fourth  the  raiufall  is  3,733,963,200  onbio  feet.  »nd  the 
Bnrplns  of  1,712,179,798  cubic  feet  goes  into  the  Pa-kwa-wang^reservoir  ana  is  then 
stored.     (See  Table  II.)    Tho  surface  area  of  the  reservoir  is  137,844,396  eubio  feet,  or 
4.9  square  miles  nearly.    The  reserv'oir  will  give  a  supply  of  260  cubic  fiaet  per  second 
for  a  period  of  90  days.    The  wat-er  in  the  reservoir  will  be  confined  chiefly  to  Moose 
Lake  and  adjoining  swamps.     It  also  extends  up  the  West  Fork  to  Partridge  Crop 
Lake,  but  does  not  flood  it  any.    The  river  from  the  proposed  dam-site  to  Partridge 
Crop  Lake  consists  of  sliort  and  steep  rapids  and  gravel-bars,  their  length  being  fiom 
200  to  600  feet,  having  a  fall  from  2  to  6  feet.    Between  these  rapids  there  are  still 
reaches  where  the  river  is  from  200  to  400  feet  wide  and  the  bottom  soft.     Beyond 
Partridge  Crop  Lake  and  to  the  source  the  river  is  from  20  to  50  feet  wide,  the  river 
being  sluggish.    Occasicmally  there  is  a  gravel-bar  where  there  is  a  fall  of  about  2  feet, 
but  there  are  no  rapids.     The  rivt^r  above  the  proposed  dam-site  is  confined  between 
banks  which  are  from  20  to  30  feet  high  and  the  timber  is  mostly  white  pine  and  hem- 
lock, the  pine  predominating, 

Partridge  Crop  Lake  is  the  farthest  point  up  stream  where  pine  has  been  cut.  At 
the  inlet  to  Moose  Lake  there  is  an  extensive  windfall,  both  on  the  hard  STOond  and 
in  the  swamps  which  have  been  burned  over.  The  timber  around  Moose  Luce  consists 
of  hemlock,  white  pine,  birch,  tamarac,  cedar,  spruce,  and  balsam.  The  ground 
around  Moose  Lake  is  from  50  to  100  feet  above  the  lake,  considerably  broken  with 
short  ravines  making  down  to  the  lake.  The  ground  consists  of  clay,  gravel,  and 
sandy  loam.  At  the  dam  site  the  bed  of  the  river  and  the  low  ffrouna  is  a  mass  of 
bowlders  from  6  inches  to  3  feet  in  diameter.  The  existing  dam  is  said  to  rest  on  a 
ledge  of  rock,  but  there  is  no  outcrox^ping  of  rock  visible  anywhere  in  the  vicinity. 
The  total  length  of  the  prox>osed  dam  is  1,235  feet,  and  maximum  height  above  low- 
water  25.7  feet.    The  total  length  of  dike  is  160  feet,  and  maximum  height  1.5  feet. 

For  the  construction  of  a  wooden  dam  there  is  plenty  of  pine  timber  convenient ; 
also  rock  for  pier-filling.  No  borings  ran  be  ^lade  at  the  dam-eite  on  account  of 
bowlders  or  rock  in  place. 

DESCRIPTION'   OF  EXISTING   DAM  AT  MOOSE  LAKK. 

This  is  a  flooding  dam  and  is  located  at  the  he;ul  of  a  stretch  of  rapids  and  about  100 
feet  below  the  proposed  dam-sit<j.  The  dam  is  347  feet  long,  and  the  head  7  feet. 
There  are  two  sluice-ways,  one  8  feet  wide  and  7  feet  deep,  controlled  by  a  sliding 
gate,  and  one  16  feet  wide,  controlled  by  st<)]»-logH.  There.'  are  no  piers,  but  the  ends 
of  the  wings  are  fac«d  with  solid  walls  of  12  by  12  inch  timber,  and  bet  ween  the  slnioet 
there  is  a  partition  formed  by  planking  a  rectangular  frame  secured  to  the  floor  of 
the  sluices  and  at  the  top  to  cross-pieces  connecting  the  walls  at  the  wings.  In  tfiit 
partition  and  in  the  walls  are  slots  for  the  gate  and  stop-logs.  The  wings  are  formed 
by  placing  round  timbers,  on  a  slope  of  U  feet  horizontal  to  1  foot  vertical^  and  allow- 
ing them  to  rest  on  a  cob- work  of  heavy  round  logs. 

The  toe  of  the  covering,  as  weH  as  in  fnmt  of  the  sluices,  is  jjrotected  by  a  backing 
of  gravel  and  clay. 

This  dam  is  out  of  repair  both  at  the  sluices  and  at  the  south  wing.  At  the  soatb 
wing  there  is  a  break  of  50  feet. 

The  reservoir  from  this  dam  has  a  capacity  of  about  430,000,000  cubic  feet,  and  af- 
fords a  driving  stage  for  logs  for  about  12  days,  :i>s  far  at  least  as  the  mouth  of  the  East 
Fork.     It  is  owned  by  a  Mr.  Goodrich  and  was  built  in  1877  at  a  cost  of  $1,500. 

There  is  another  dam  on  the  West  Fork  about  a  mile  below  Partridge  Crop  Lake. 
The  south  wing  is  52  feet  long  and  the  north  .^)9  feet  long.  It  has  but  one  sluice-way, 
12  feet  wid*^  and  H  feet  deep,  and  controlled  by  stop-logs.  At  the  ends  of  the  wingi 
there  are  solid  walls  of  timber,  hewn  on  three  sides,  in  which  is  a  slot  for  stop-loos. 
The  covering  has  a  slope  of  about  1  to  1  and  rests  on  a  cob-work  of  round  logs,  "flie 
rear  of  the  dam  is  protected  by  a  backing  of  clay  and  gravel. 

A  small  reservoir  might  be  created  at  Crop  and  Lost  Lakes,  but  the  watershed  be- 
inc  only  33  square  miles  it  was  considered  too  small  to  survey. 

The  survey  of  Moose  Lake  reservoir  was  completed  on  September  30. 

We  next  moved  camj*  to  L-ike  Courtes-Oreilles  by  way  of  Little  Chief  River  and 
Chief  Lake. 

Levels  were  now  run  from  Chief  Lake  to  Lake  Courtes-Oreilles,  where  we  arrived  on 
October  5.  The  elevation  of  Courtes-Oreilles  is  1,287.2  feet ;  that  of  Qrindstone,  1,987.6 
feet:  Fish  Lake,  1,288.3  feet;  Island  Lake,  1,292  feet;  and  of  Sand  Lake,  1,301.1  feet. 
For  the  elevation  of  the  other  smaller  lakes  see  general  map.  The  elevation  of  low- 
water  *at  the  dam-site  is  1,287.2  feet. 

The  Courtes-Oreilles  reservoir  has  a  watershed  of  114  square  miles,  equal  to 
3,178,137,600  square  feet.  For  one-third  the  rainfall  its  supply  is  2,647,388,621  cubic 
feet,  and  the  entire  amount  may  be  stored  in  itself.  The  superficial  area  of  the  reser^ 
voir  for  its  own  wat«r  will  be  448,58*2,620  square  feet,  equal  to  16.1  square  miles,  nearly* 

The  length  of  dam  will  be  260  feet,  and  height  above  low- water  0.5  feet.    There  will 
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.  ke,  hue  a  tanxuac  awauip,  whicti  »o«ms  to  have  tweu  aii  old  vbaDoei,  will  ra- 

(]Tiire,  for  a  length  of  100  feet,  sheet  nillDg  6  feet  iu  length.  For  90  davB  it  vril)  deliver 
350.45  cubic  fet^t  per  aeoond,  [See  Table  I.)  The  water  within  the  limite  of  the  rex- 
arroii  will  be  oon&ned  wholly  to  lakes  and  aniall  swamjNt.  For  one-fourth  the  rain> 
fall  the  sapplf  will  be  1,986,336,000  cubic  feet,  which  cnn  1)e  stored  with  a  5-fool  dam 
above  low- water. 

The  RU[>erficia]  area  of  the  reservoir  will  be  435,756,614  square  feel,  equal  to  16.6 
Moare  miles,  uearly.  The  length  of  the  daiii  will  be  2ti0  feet,  ae  befoFB,  and  sheet 
piling  for  a  distance  of  100  feet,  and  5  fiaet  long.  Undet  thia  condition  the  reservoir 
will  siipply  for  90  days  2&6,44 cubic  feel  {ler  second.     (See  Table  11.) 

Now,  instead  of  allowing  any  surplus  water  to  pass  Little  Chief  Lake,  by  constmct- 
iug  a  2G-foot  dam  at  that  reservoir,  the  water  may  be  jiossed  over  into  the  Pa-kwa- 
wang  reservoir  (see  black  dotted  line  marked  A,  on  gniierul  map),  and  from  there, 
together  with  the  surplus  &om  the  Weat  Fork,  tJirougb  a  oanal  into  Lake  Courtea- 
Oreillcs.  This  excavation  amouiitA  tu  2&l,TO0  cubic  varda  of  earth,  and  would  prob- 
ably aottt  about  $53,940,  (3e«  jirotllB  attached  and  utock  dotted  line  marked  B,  on 
general  map.)  Now,  supposing  one-third  the  rainfall  is  available,  this  will  give  us  in 
CoartoB-Oreill6are«irvojr9,013,al3,415  cubic  feet,  which,  for  M  days,  will  give  1,159.16 
cubic  fi**  per  Htcond.  This  will  require  a  HO-fbot  dam  above  low-water,  lie  length 
will  be  415  feet.     It  will  also  require  a  dike  2,850  feet  long,  and  u  maximum  height  of 

The  superficial  area  of  the  reservoir  will  be  496,;hI.760  square  feet,  <-<iiinl  to  IT.S 
square  miles,  nearly.     (Bee  Table  III.) 

Now,  suppose  that  one-fonrlh  the  rainfall  ia  available,  we  have  for  Cuiirt«s-0rei1Iea 
reeervoir  3,366,^80,904  cubic  feet.  This  will  require  a  dam  D.4  feet  in  height  above 
low-water,     Its  length  will  be  2!>7  feet.     The  length  of  ^ike  will  be  I4B  feet,  with  a 


es,  nearly, 
(gee  Table  IT.) 

On  the  east,  south,  and  west  sides  of  Lake  Courtes-Oreilles  the  hard  ground  ie  time 
bered  with  scattering  Norway  ptne,  jack-pine,  acrnb-oak,  and  poplar  brash.  Ou  the 
swamps  there  is  a  heavy  growth  of  tomarac  tcoia  4  to  8  inches  ^in  diameter.  On  the 
north  and  west  sides  of  Gnudstone  Lake  the  timber  is  white  pine,  Norway  pine,  maple, 
birch,  and  tamarac.  Ou  the  northeast  and  north  sides  of  Fish  Lake,  and  on  the  north 
and  west  sideit  of  Sand  Lake,  the  timber  is  scattering  Norway  pine  and  iioplar  bmah- 
On  the  suuib  side  of  Fish  and  Sand  takes  the  timber  consists  of  poplar,  maple,  birch, 
tamarac,  balsam.  &('.  The  ground  on  the  east,  south,  and  west  sides  of  Lake  Courtes- 
Oreilles  consists  of  sand,  sandy  loam,  clay  and  gravel;  also,  on  the  north  tude  of  Fiob 
and  Sand  tskes.  Around  Gdndstone  and  Island  lakes,  and  on  the  southwest  aide  of 
Fish  Lake,  and  south  side  of  Sand  Lake,  the  ground  is  clay  and  sandy  loam.  The 
ground  in  the  vicinity  of  this  reservoir  varies  from  20  to  TO  fuet  in  height  above  the 
wat«r.  The  ground  at  the  dflui-site  is  olay,  gravel,  and  sandy  loam.  The  bed  of  the 
outlet  of  the  dam-site  coDsiets  of  clay,  gravel,  and  sand.  The  lakes  nsually  have 
either  a  clay  or  gravel  beach. 

For  pier-hlling  plenty  of  rouk  can  be  fonnd  along  the  lake  shore.  In  lookiug  at  the 
geaeralmapit  willbeseen  that  there  are  but  fewstreams  emptying  into  it.  Owing  to 
flio  clearness  of  the  water,  the  lakes  are  evidently  largely  supplied  by  spnng-water.  It 
seems  apparent,  however,  from  the  smaU  discharge  in  the  liver,  that  the  rain  absorbed 
in  the  eround,  particularly  on  the  western  side  of  the  reservoir,  dom  not  find  its  way 
into  this  reservoir,  but  Be«ks  on  outlet  to  the  west,  in  which  direction  the  country  is 
falling.  One-fourth  the  rainfall  ought  to  be  considered  here,  when  one-third  may  in 
the  other  cases  be  used.  The  most  of  this  reservoir  lies  within  the  reserve  for  the 
Conrtes-Oreiltes  band  of  Chippewa  Indians.  As  at  Po-kwo-wang  the  Indians  have 
selected  homesteads  and  are  farming  on  a  small  scale. 

There  will  be  very  little  land  damaged,  either  by  a  6.S-foot  dam  or  by  a  20-foot  dam, 
as  there  is  no  wild  rice  within  the  liuuts  of  tbe  rcecrvoir,  and  very  litttle  meadow  land. 
The  green  line  on  the  general  map  and  the  red  line  beyond  where  it  joins  the  green 
is  the  Aowage-liue  for  a  20-foot  dam,  and  the  red  line  alone  for  either  a  5  or  a  6.5  foot 

The  survey  of  the  Courtes-Oreilles  reservoir  was  completed  on  October  25. 

We  next  proceeded  by  boat  down  the  Courbxt-Oreilles  River  and  main  Chippewa  as 
far  as  Big  Bend.  As  a  matter  of  economy  we  left  oar  boats  at  Big  Bend,  and  traveled 
by  stage  tu  CbippMva  Falls,  and  from  there  to  Paint  Creek,  whoro  the  nest  and  lost 
reser^■oir  was  surveyed.     We  arrived  there  on  October  29. 

Can rtes-Orei Ilea  Biver  is  from  50  to  60  feet  wide.  The  first  3  miles  of  it  is  sluggish, 
but  f^ni  there  to  tbe  mouth  it  in  a  series  of  rapids  and  still  reaches.  The  worst  of 
these  rapids  is  known  as  Courtes-Oreilles  Falls.  The  river  at  this  iioint  posses  tlirongh 
a  graui^  fornitktiou.  The  falls  are  situated  within  3  miles  of  the  mouth  of  the  river. 
Courtes-Oreilles  Kiverisuot  navigable  for  bateaux  at  extreme  low-wat«r  on  account 
of  rocks  and  gravel-bars. 
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Hie  Cliippewft  River,  from  the  mouth  of  the  ConrteB-OreiDes  SiTerto  Big  Bend, 
has  a  swift  current  the  entire  distance,  and  no  rapids  of  any  ooBseqiieiioe. 

Paint  Creek  Reservoir  has  a  superficial  area  of  58,806,506  sqiuffe  ^MVecraal  toS.1 
sqnare  miles.  It  has  a  watershed  of  3,493.1  square  miles,  eqiud  to  169,987,319/^ 
sqaare  feet.  The  snpplv  fh>m  one-third  the  rainfall  is  91,509,456,760  eubio  feet.  Tte 
capacity  of  the  reservoir  is  505,336,720  cabic  feet.  Hence  the  sarploa  is  91,064.120,010 
cnoic  feet.    It  will  fnmish  a  supply  of  64.99  cubic  feet  per  second  for  90  days. 

The  following  tables— I,  II,  III,  IV— show  the  areas  of  watersheds  and  reservtnn 
mipply  fh>m  one-third  or  one-fourth  the  rainfall ;  capacities  and  snpply  per  seeond  for 
90  days ;  also,  cost  of  dams.    Table  Y  shows  dischar^  of  streams. 

Assnmins  one-third  the  rainfall  as  available,  and  allowing  the  surplus  ftom  the  Etst 
and  West  Forks  of  the  Chippewa  River,  and  the  surplus  from  Butternut  Lake,  Rest 
Lake,  Bear  Creek,  Round  Lake,  Sriuaw  Lake,  and  Park  Lake  to  pass  down  river,  there 
will  be  a  surjdus  passing  the  Paint  Creek  Dam — which  is  the  lowest  dam  on  the  Chip- 
pewa waters — of  102,148,3*25,526  cubic  feet.  The  quantity  of  water  stored  in  the  res- 
ervoirs will  give  a  supply  of  3,245.79  cubic  feet  per  second  for  90  days.  ^See  Table  L) 
Again,  supposing  that  the  surplus  from  the  East  and  West  Forks  is  allowed  to  pais 
throogh  a  canal  into  Lake  Courtes-Oreilles,  there  will  be  a  surplus  passing  Paint  Creek 
of  95,782,50(J,7:^2  cubic  feet.  The  quantity  of  water  stored  will  give  a  supply  of 
4,064.50  cubic  feet  per  second  for  90  days.  (See  Table  III. )  Assuming  that  one-lbnrth 
the  rainfall  is  available,  and  allowing  the  surplus  from  the  East  Fork  of  tho  C^ppewa 
to  pass  down  river,  there  will  pass  at  Paint  Creek  a  surplus  of  74,101  ,054,09d  cubic 
feet.  The  supply  under  this  couditiou  will  be,  for  90  days,  2,784.42  cubic  feet  per 
second.    (See  Table  II.) 

Lastly.  Assuming  that  the  surplas  from  the  £a^t  and  West  Forks  is  directed  into 
Pa-kwa-waug  and  Conrtes-Orcilles,  there  will  be  a  surplus  passing  Paint  Creek  of 
70,721,744,560  cubic  feet.  The  water  stored  will  give  a  supply  for  90  days  of  3,219.0S 
cubic  feet  per  second.     (See  Table  IV.) 

In  the  vicinity  of  Paint  Creek  Reservoir  the  hard  ground  is  usually  of  a  Bandy  nature. 
The  swamps  seem  to  be  muck.  The  timber  consists  of  scattering  white  and  Norway 
pine,  tamarac,  and  scrub-oak. 

There  is  no  land  within  the  limits  of  the  n^servoir  that  is  cultivated,  for  the  reason 
that  it  is  not  worth  cultivating.  There  is  an  existing  dam  across  the  Chippewa  River 
at  the  proposed  dam-site,  and  ccrtaiu  lauds  along  the  river  have  already  been  eon- 
demned. 

The  proposed  dam  may  bo  built  over  the  one  now  existing.  Its  length  will  be  090 
feet,  and  height  22  feet  above  low-water. 

TABLE  OF   ELEVATIONS  OF    IMPORTANT  POINTS  WITHIN  TOE  LIMITS  OF  THE  BURYET 

ABOVE  THE  SEA-LEVEL,  AT  LOW-WATER. 

Facft. 

l^w-water  at  Chipi)ewA  Crossing 1,609.3 

Bear  Lake 1,438.9 

Proposed  dam-site  at  BetirLako 1.430.0 

Hea<l  of  Cedar  Rapids 1,4SI0.0 

Foot  of  Cedar  Kapids -  1,337.5 

Head  of  Snaptail  Rapids 1,368.^ 

Foot  of  Snaptail  Rapids l,3a&.8 

Hunter's  Lake l,385.ft 

Little  Chief  Lake 1,323.4 

Proposed  dam-site  at  Little  Chief  Lake •••   1,3bQ.4 

Proposed  dam-site  at  Pa-kwa-waug 1,886.0 

Chief  Lake 1,886.7 

Proposed  dam-site  at  Moose  Lake 1, 33816 

Moose  Lake 1,361.9 

Partridge  Crop  Lake 1,384.8 

Summer  Lake 1,396.1 

Crop  Lake 1,384.8 

Lost  Lake 1,386,0 

Lake  Courts-Oreilles 1,887.6 

Island  Lake 1,898 

Little  Courts-OreiUes  Lake 1,886.4 

Fish  Lake •  l,88a7 

Sand  Lake 1,30L1 

Little  Sand  Lake 1,803.8 

MatLake ^..  1,39013 

Proposed  dam-site  at  Lake  Courts-OreiUes 1,287.8 

Polugama  Lake 1,890.6 

Crane  Lake 1,300.7 


APPENDIX   U.  1631 

The  following  is  a  list  of  existing  dams,  operated  by  private  parties,  on  the  Chip- 
pewa River  and  its  tributaries,  toiihin  the  limm  of  our  survey : 

•  1.  Oi>odrieh^8  Dam,  on  the  West  Fork,  situated  in  the  southwest  quarter  of  the  south- 
west quarter  of  section  32,  township  42  north,  range  5  west : 

Heiffht  of  stop-plank  above  foundation feet. .      ^ 

Width  of  sluice-way do...     12 

Len^h  of  dam do...  12B 

Deaa-head do...      3 

2.  Goodrich's  Dam^  on  W^est  Fork  of  Chippewa  River,  near  mouth  of  Moose  Lake, 
situated  in  the  northeast  quarter  of  the  southeast  quarter  of  section  14,  town- 
ship 41  north,  range  6  west : 

Height  of  sluice-ways  above  flooring foet..      7 

Total  width  of  sluice-ways do...    24 

Lenffth  of  dam '. do...  347 

Deaa-head do...  2.1 

Capacity cubic  feet..  430,000,000 

3.  Dam  on  outlet  to  Pokegama  Lake^  situated  in  the  northwest  quarter  of  the  north  - 
west  quarter  of  section  32,  township  40  north,  range  6  west : 

Height  of  sluice-way  above  flooring feet..      8 

Wi£h  of  sluice-way do...      8 

Liength  of  dam do...  106 

4.  HamcooWs  DaiHy  on  Little  Chief  River,  located  in  the  northeast  quarter  of  the 
northeast  quarter  of  section  26,  township  40,  range  7  west : 

Heiffht  of  sluice-way  above  flooring ...: ,..  feet. .  6 

WicUih  of  sluice-way do...  24 

Lenffth  of  dam do...  142 

Dead-head do...  1 

5.  Chippewa  River  Improvement  Company's  Dam  at  Bear  Lake,  on  East  Fork,  situated 
in  the  northwest  quarter  of  southeast  quarter  of  section  26,  township  41  north, 
range  4  west : 

• 

Heiffht  of  sluice-ways  above  flooring feet..     10 

Width  of  sluice-ways...  1 do...    42 

Length  of  dam do...  564 

Capacity cubic  feet..  300,000,000 

6.  Little  Falls  Dam,  situated  in  southeast  quarter  of  the  northwest  quarter  of  sec- 
tion 28,  township  32,  range  6 : 

Height  of  sluice-ways  above  flooring feet..     21 

Tot^  width  of  sluice-ways do...    267 

Lenffthof dam do...  625 

Deaa-head do...       5 

Capacity cubic  feet..  133,333,333 

7.  Paint  Creek  Dam,  situated  in  the  southeast  quarter  of  the  northwest  quarter  of 
section  3,  township  28  north,  range  8  west,  on  the  Chippewa  River  : 

This  is  a  rolling  dam,  with  a  log-way  100  feet  wide  at  the  center,  and  near  the  right 
bttnk  a  lumber  sbde  23  feet  wide. 

Creat  of  dam  above  low- water feet..  10^ 

Totallength  of  dam do...  526 

DESCRIPTION  OF  DAM  ACROSS  THE  CHIPPEWA  RIVER  AT  PAIHT  CREEK. 

Tlds  dam  is  situated  in  the  southeast  quarter  of  the  northwest  quarter  of  section  3, 
towtiahip  28  north,  range  8  west,  at  the  proposed  dam-site  for  the  Paint  Creek  Reser- 
voir. In  looking  at  the  dam  from  the  risht  bank  of  the  river  there  is  first  a  shoie-pier 
of  orib-work  17  by  37  feet,  and  filled  witn  rock.  The  top  of  this  pier  is  about  30  feet 
above  low- water,  and  was  built  to  that  height  with  a  view  to  raising  the  present  dam 
1!^  feet.  Then  comes  a  orib-work  of  timber,  the  top  of  which  is  18.5  feet  above  low- 
water.  100  feet  long  and  filled  with  stone ;  next  in  oraer  is  the  right  pier  of  the  lumber 
slide,  10  feet  wide  and  206  feet  long,  then  the  lumber  slide  23  feet  wide.  This  hwiian 
yUoatable  apron  at  the  upper  end,  the  crest  of  which  is  8  feet  above  low-wiiler  wHen 
it  is  down.  At  the  lower  end  is  a  floating  apfdn.  Next  in  order  is  the  left  pier,  lilth 
an  ioe-break^.  The  upper  portion  of  it,  for  a  ^stance  of  80  feet,  la  16  reet  wide, 
and  the  remainder,  126  feet,  is  10  feet  wide.    The  upi)er  ends  of  these  piers  are  about 
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19  feot  above  low- water,  and  lower  by  steps  as  we  approach  the  end  of  the  slide.  Then 
comes  the  rollingdam,  360  feet  long,  in  the  center  ot  which  is  a  roll-way  for  lorn,  about 
100  feet  wide.  The  covering  in  the  rear  of  the  dam  has  a  slope  of  about  li  feet  hori- 
zontal to  1  foot  vertical.  In  front  of  the  dam  the  covering  has  a  slope  of  about  1  to  1, 
with  the  exception  of  the  roll- way,  where  the  slope  is  about  4  feet  horizontal  to  1  foot 
vertical.  This  covering  rests  on  crib- work  of  timber  and  filled  with  rock.  The  toe  of 
the  dam  is  protected  by  a  backing  of  sand  and  gravel.  The  bottom  of  the  river  at  thiB 
place  is  a  n*anite  formation,  the  planes  of  cleavage  of  which  are  at  an  angle  of  about 
15^  from  the  vertical.  The  granite  in  this  vicinity  seems  to  be  of  a  good  quality,  and 
is  used  as  a  building  stone. 

In  looking  at  the  general  map,  it  will  be  seen  from  elevations  of  different  points 
within  the  nmit  of  our  survey  that  the  country^  besides  falling  to  the  southwest,  also 
falls  to  the  west  along  the  summit.  The  elevation  of  low-water  at  Chippewa  Crossing 
is  1,509  feet  above  the  sea-level,  but  the  headwaters  of  Bad  River  are  about  1,600  feet 
above  the  sea,  and  there  are  points  on  the.  Penokee  Iron  Range  which  are  over  1,700 
feet.  It  is  a  common  opinion  among  persons  who  have  spent  considerable  time  at 
various  points  in  Northern  Wisconsin  that  the  rainfall  is  more  than  in  the  southern  put 
of  the  State,  and  I  am  satisfied  that  when  the  mean  annual  rainfall  is  ascertainea  lor 
this  re^on  it  will  not  be  far  from  36  inches. 

Northern  Wisconsin  is  still  a  vast  wilderness,  and  from  the  progress  that  emigration 
has  made  into  that  portion  of  the  State  since  it  was  opened  by  tne  Wisconsin  Central 
Railroad,  it  promises  to  remain  so  for  twenty  or  thirty  years  to  come.  This  is  partially 
owing  to  the  labor  required  in  clearing  up  the  land,  but  more  especially  to  the  fsot 
that  the  clay  soil  which  predominates  in  that  region  is  generally  impervious  to  water. 
Besides  this,  rocks  are  so  common  in  the  soil  that  the  lands  are  not  desirable  for  farm- 
ing purposes.  Even  in  swamps  we  almost  invariably  find  bowlders  and  gravel  at  the 
bottom.  Hence  it  is  dlfiicult  to  see  where  the  existence  of  reservoirs  in  this  region 
will  interfere  either  directly  or  indirectly  with  agricultural  interests. 

In  regard  to  damages  to  water-power  for  mill-sites,  it  is  not  probable  that  lumber 
will  ever  be  manufactured  in  this  region,  for  the  reason  that  the  market  for  the  lumber 
of  the  Chippewa  Vallev  is  in  the  Mississippi  Valley,  and  until  we  reach  the  vicinity  of 
Chippewa  Falls  it  would  be  impossible  to  run  lumber  without  going  to  an  unwarranta- 
ble expense.  In  view  of  the  above  considerations  the  reservoirs  wiu  not  be  detrimental 
to  the  manufacture  of  lumber.  The  only  cause  of  complaint  that  could  arise,  providing 
that  the  lumbering  interests  were  made  subservient  to  the  interests  of  conunerce  in 
the  Mississippi  Valley,  is,  perhaps,  a  delay  of  one  or  two  months  in  getting  the  drives 
to  their  destination  at  Chippewa  Falls,  Eau  Claire,  and  points  below.  But  when  we 
consider  that  during  winters  when  the  fall  of  snow  is  very  small  the  lumbering  inter- 
ests are  embarrassed  during  the  entire  season  following,  as  was  the  case  on  the  Chippewa 
in  1878,  a  delay  of  a  month  or  two  is  only  a  guarantee,  in  the  end,  of  successfiil  opera- 
tions during  each  season. 

Very  respectfully,  your  obedient  servant, 

Archibald  Johnsox, 

Maj.  Charles  J.  Allex,  Asnstant  Engineer. 

Captairif  Carps  of  Engineers,  U.  S.  A. 
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report  of  mr.  james  d.  raynolds,  assistant  engineer. 

Engineer  Office,  United  States  Army, 

Saint  Pauly  Januarjf  5,  ld8t. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  examination  of  the  sources 
of  the  Wisconsin  and  part  of  the  Chippewa  rivers,  made  under  your  direction  from 
June  21  to  October  18, 1879. 

'The  re^on  which  I  was  instructed  to  examine,  with  a  view  to  ascertaining  its 
capabilities  for  storage  reservoirs,  included  the  Wisconsin  River  above  Pelican,  the 
Tomahawk  above  Squirrel,  the  Dor6  Flambeau  above  Fifield,  and  the  North  Fork  of 
the  Flambeau  at  and  above  its  junction  with  the  Manitouish. 

This  I  have  divided  for  convenience  into  five  principal  watersheds,  as  shown  on  the 
general  maps,  and  designated  as  follows : 

I.  Pelican, — Covering  the  Wisconsin  watershed  between  Pelican  Ri^«er  and  Otter 
Rapids. 

II.  Eagle, — Including  all  the  Wisconsin  River  above  Otter  Rapids. 

III.  Ibmahatolc. — Including  all  of  Tomahawk  River  above  section  7,  townahlj^  90 
north,  range  6  east. 

jy.  Bear  Creek, — Embracing  the  Manitouish  as  far  as  Rest  Lak^  and  Bear  Crtek, 
with  the  lakes  where  it  takea  i\a  i\m. 
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V.  Round  Lake, — Inclading  all  the  Dor6  Flanibean  above  Round  Lake. 

[Below  Round  Lake  I  was  unable  to  find  any  available  holding-ground,  the  stream 
being  a  continual  succession  of  ra])ids.  I  made,  also,  some  examination  of  Pelican 
River,  since  the  high  banks  near  its  mouth  seemed  to  promise  considerable  holding- 
ffTOund.  The  stream  was  found,  however,  to  have  such  rapid  fall  that  even  a  30-foot 
dam  would  flow  but  an  insigniticant  area.  ] 

I. — PELICAN  WATERSHED.      AREA,   361   SQUARE   MILES. 

Here  we  found  two  available  dam-sites,  one  of  which  may  be  designated  as  ''Peli- 
can" proper,  the  other  ''  Sugar  Camp.''  Both  have  already  been  utilized  by  lumber- 
men. 

At  Pelican  is  a  dam,  built  in  1878,  of  Norway  pine,  of  the  common  cob-work  pattern, 
oonceming  which  I  gathered  the  following  data: 

• 

Height  above  floor  of  sluice-way 10.5  feet. 

Length  on  crest 425  feet. 

Cost s $4,700 

Probable  duration  variously  estimated  at  three  to  eight  years.  From  present  ap- 
pearances I  should  judge  the  lower  limit  to  be  nearest  the  truth,  as  Norway  timber  is 
soon  destroyed  by  exposure  to  the  weather  and  to  alternate  wetting  and  drying. 

The  present  reservoir  was  never  full  but  once — in  May,  lti79.  Four  weeks  were  re- 
quired to  All  it.  When  the  gates  are  opened  the  escaping  water  reaches  Wausau  in 
from  50  to  52  hours.  At  this  rate  seven  days  would  be  required  after  opening  the 
gates  at  Pelican  for  the  water  to  reach  the  Mississippi  at  Prairie  du  Chien. 

From  a  careful  survey  of  the  possible  flowage  area  above  Pelican  Dam  the  following 
results  were  obtained : 

Cabio  feet. 
Capacity  of  reservoir  with  present  dam  (10.5  feet  rise  above  "  dead-head'' 

or  13.5  feet  rise  above  mean  low-water) 880, 000, 000 

Capacity  with  20  feet  rise 2,298,632,320 

Capacity  with  28  feet  rise 5,153,180,527 

To  raise  the  water  28  feet  would  require  a  dam  800  feet  long  on  crest,  and  a  dike  at 
head  of  "Lake  No.  1"  (as  shown  on  detail  map)  having  a  length  of  3,625  feet,  and  a 
maximum  height  of  15  feet. 

The  probable  cost  of  this  work,  if  executed  at  the  present  time,  I  place  at  $62,929. 

The  aam  on  Sugar  Camp  Creek  was  built  some  three  years  ago.  It  is  230  feet  long 
ftnd  5  feet  high.  Although  of  even  cheaper  construction  than  Pelican  Dam,  it  is  in  a 
Tery  fair  state  of  preservation.  It  has,  however,  not  been  in  use  since  the  first  season, 
logging  operations  having  been  suspended  since  then. 

By  substituting  a  dam  on  this  site  12.5  feet  high  and  building  in  addition  a  low 
dike  260  feet  long,  a  reservoir  would  be  formed  having  an  estimated  capacity  of 
1,356,284.160  cubic  feet.    The  cost  of  this  work  I  place  at  $8,162. 

Careful  gauffings  of  the  river  just  below  Pelican  Dam,  June  23  and  24,  showed  a 
discharge  of  620  cubic  feet  per  second.  In  the  opinion  of  those  most  familiar  with 
the  river,  it  was  at  this  time  at  about  a  mean  sta^e.  Assuming  this  to  be  tme^  dis- 
charge of  620  cubic  feet  per  second,  for  the  entire  year,  woiud  give  19,552,320,000 
cubic  feet. 

The  total  drainage  area  above  Pelican  is  857  square  miles,  which,  counting  on  .83 
foot  available  rain&il,  would  give  a  yearlv  supply  of  19,830.184,704  cubic  feet.  The 
drainage  area  of  Pelican  watershed  alone  (below  Otter  Rapids)  is — 

Tributary  to  Pelican  reservoir 301  square  miles. 

Tributary  to  Sugar  Camp  reservoir 60  square  miles. 

r^Assuming  as  available  one-third  of  an  annual  rainfall  of  30  inches  over  the  whole 
watershed,  except  the  portions  flowed,  and  assuming^  further,  that,  on  account  of 
evaporation,  only  one-sixth  of  that  rainfall  can  be  retained  over  the  nooded  area,  we 
have — 


Pelloan,  20  feetriae 

Sngar  Camp,  12.5  feet  rise 

OR, 

Pelioan,  28  feet  riae 

Sugar  Camp,  12.5  feet  rise 

103  E 


Capacity. 


Oubicfeet. 
2, 298, 632, 320 
1, 356, 284, 160 


5, 158, 180, 527 
1,856,284,160 


Drainage 
area. 


Sq.miUs. 

301 

60 


301 
60 


"Net  supply  from 
ramfaU. 


6, 836, 606, 800 
1, 835, 840, 000 


6,836,606,800 
1, 835, 840, 000 


Sarplns. 


Chibie/uL 
4,587,064.480 


1,688,416,278 
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From  these  two  reservoirs  could  be  delivered,  for  a  period  of  90  days,  834.5  oubio 
feet  per  second. 
The  total  land  area  which  would  be  flooded  is — 


Pelican 

SngarCamp. 

Total  . 


State 
Hwanip 
lands. 


Aeret. 
1,448 


Entered. 


3,  670  ' 


Aere9.  I 
833  ' 
336  I 


United 
States. 


A,CT€9. 

3.909 
433 


TotaL 


7,054 
2.207 


1,159  4,432  I      9.281 


Wliat  good  pine  grew  here  has  long  ago  been  cut,  and  the  laud  is,  in  my  oplnian, 
entirely  worthless  for  agriculture,  except  some  narrow  strips  of  hay  meadow  and  bot- 
tom lands,  now  timbered  with  elm,  wliit^  maple,  &c.,  perhaps  2,000  acres  altogether. 
None  of  it  is  at  present  under  cultivation. 

II. — EAGLE  WATERSHED.      AREA,  496  SQUARE  MILES. 

Here  were  found  three  good  dam-sitos,  all  of  which  have  been  utilized  by  lumber- 
men. One  at  the  head  of  Otter  Rapids,  one  on  Eaele  River  between  Catfish  and 
Cranberry  lakes,  and  one  on  Eagle  River  (here  called  "Fish-Trap  Creek **)  above 
Cranberry  Lake.  The  two  latter  dams  were  abandoned  many  years  ago,  and  have 
fallen  into  com]>lete  decay.  The  dam  at  the  head  of  Otter  Rapids  was  built  in  the 
summer  of  1878.  It  was  nearly  filled  once  (in  December,  1878),  raising  the  water 
about  5  feet  above  floor  of  sluice-way,  or  7  feet  above  low- water,  when  the  east  wing 
'^  blew  out,''  being  poorly  anchored  in  the  treacherous,  gravelly  bank,  and  since  then 
has  been  abandoned.  From  the  survey  of  this  location  it  was  found  that  the  water 
might  safely  be  raised  to  a  height  of  22  feet.  This  would  require,  in  addition  to  the 
dam,  a  low  dike  700  feet  long.  By  this  means  would  be  nooded  the  entire  Eagle 
Lake  system,  giving  a  holding  capacity  of  7,389,727,488  cubic  feet. 

A  cheaper  plan  tha^^  the  above  (though  giving  less  holding  capacity)  would  be  to 
build  the  dam  at  Otter  Rapids  but  19  feet  high,  dispensing  with  the  dike,  and  another 
dam  on  Fish-Trap  Creek  8  feet  high,  thus  forming  two  reservoirs,  having  a  combined 
capacity  of  5,801,676,160  cubic  feet;  or,  instead  of  an  8-foot  dam  on  Fish-Trap,  one  17 
feet  high  might  be  built  between  Cattish  and  Cranberry  lakes,  which,  in  conjunc- 
tion with  the  19-foot  dam  at  Otter  Rapids,  would  give  a  capacity  of  6,163,000,000 
cubic  feet. 

The  probable  supply  was  arrived  at  by  two  methods : 

Ist.  Careful  gaugings  of  the  Wisconsin,  just  above  Otter  Rapids,  showed  a  discharge 
of  296  cubic  feet  per  second,  at  a  time  when,  from  the  best  information  obtainable,  I 
estimated  the  discharge  to  be  about  80  per  cent,  of  the  yearly  mean.  Assuming  this 
to  be  true,  the  entire  annual  discharge  would  be  11,6»)8,320,000  cubic  feet. 

2d.  The  area  of  Eagle  watershed  is  496  square  miles,  which,  counting  on  .83  foot 
available  rainfall,  would  give  a  yearly  supply  of  11,476,979,712  cubic  feet. 

The  supply  indicated  by  either  of  these  methods  is  largely  in  excess  of  the  maximum 
holding  capacity  of  reservoir.  Some  additional  capacity  might  be  obtained  by  dam- 
ming the  outlets  of  Lake  Vieux  Desert  and  Twin  Lakes.  The  amount  stored  would, 
however,  be  small,  owing  to  the  limited  watershed  tributarv  to  these  lakes,  vis, 
360,096,000  cubic  feet  for  Vieux  Desert  and  621,456,000  cubic  feet  for  Twin  Lakes. 

Vieux  Desert  I  was  unable  to  examine,  but  I  learned  from  those  familiar  with  the 
country  that  a  good  dam-site  exists  near  its  outlet. 

I  made  a  tour  of  exploration  to  Twin  Lakes,  and  estimated  that,  to  store  aQ  the 
water  obtainable,  would  require  a  dam  6  feet  high  and  1,500  feet  long. 

Assuming,  as  before,  that  over  the  whole  watershed,  except  the  portions  flowed,  one- 
third  of  an  annual  rainfall  of  30  inches  can  be  counted  on ;  and  that  on  account  of 
evaporation  only  one-sixth  of  that  rainfall  can  be  retained  over  the  flowed  area,  we 

have — 

Cubic  feet. 

■Hfoot  X  12,594,345,984  = 10,495,288,320 

T^^foot  X    1,233,340,416= 513.891,840 

■ 

Total  net  supply  Eagle  watershed 11,009,180.160 
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Tabulating  the  above,  we  have  as  the  best  result  obtainable  for  the  Eagle  water- 
shed— 


Capacity  of 
reservoir. 


Otter,  22  feet  rise 

Vlenx  Desert 

Twin  Lakes 


Cubic  feet. 
7,  389, 727, 488 
400, 000,  000 
650,  000,  000 


Drainage 
Area. 


Sq.  miles. 
447 
19 
30 


Net  sapply  from 
rainfall. 


Cubic  feet 
10,  027,  628, 160 
360,  090,  000 
621,  056,  000 


Surplus. 


Cubic  feet 
2, 637, 900, 672 


From  those  three  reservoirs  could  be  delivered  for  a  period  of  90  days  1,076.54  cubic 
feet  per  second. 

The  probable  cost,  estimating  at  present  prices,  I  place  at  $38,113  for  dam  and  dike 
at  Otter  Rapids;  $10,000  for  dam  at  Twin  Lakes,  and  $5,000  for  dam  at  Lake  Vieux 
Desert.     Total,  $53,113. 

The  .area  covered  by  these  reservoirs  is  in  greater  part  already  covered  by  water, 
since  the  principal  holding-ground  consists  of  lakes  with  quickly-rising  banks. 

The  total  land  area  which  would  be  flooded  is— 


Otter  Rapids . 
Twin  Laki'8.. 
Vieux  Desert 

Total  - . 


State 
swamp 
lands. 


Acres. 
4, 692 


Military  ^^y^^^*?^*?  I  tt.u  i 

Entered,  wa^ou-rdad  Pj^L^^^^f ;  F^l^.^ 

m-i«t  tarawl,  ap- ,  States. 

^**^^'  proximate.  I 


Acres. 
597 


Acres. 
371 


Acres. 


750    , 
750  ! 


I    Acres. 
'        1, 893 


4  692 


597 


371 


1,500  j        1,893 


TotaL 


Acres. 
7,553 
750 
750 


9,053 


It  is  of  very  small  value,  having  been  already  stripped  of  its  pine  lumber,  and  offer- 
ing not  the  smallest  inducement  to  agricultural  enterprise.  Perhaps  500  acres  con- 
sists of  valuable  hay  meadows  on  the  Wisconsin  proper. 

in.— TOMAHAWK  WATERSHED. 

This  basin  is  comparatively  small,  comprising  but  101.5  square  miles.  From  this, 
by  the  same  process  as  before,  I  deduct  as  the  net  annual  supply  2,201,580,480  cubic 
feet,  which  can  all  be  retained  by  a  dam  12  feet  high,  for  which  an  excellent  site  was 
found  in  section  7,  township  39  north,  range  6  east,  where  the  high  banks  are  less 
than  200  feet  apart.  Retaining  all  the  water  above  this  point  reduces  the  area  tribu- 
tary to  the  Squirrel  Creek  reservoir  (reconnoitered  by  Mr.  Charles  Wanzer  in  1878)  to 
56  square  miles,  yielding  an  annual  supply  for  storage  of  1,239,427,200  cubic  feet.  To 
retain  even  this  limited  amount  will  probably  require  a  dam  17  feet  high,  since 
further  examination  than  was  possible  last  winter  has  developed  the  fact  that  Squir- 
rel Lake  and  adiacent  swamps  are  above  any  attainable  flowage  plane,  thus  reduc- 
ing the  available  holding-ground  to  less  than  half  the  area  at  which  it  was  first 
estimated. 

A  gauging  of  the  Tomahawk  River,  just  above  the  selected  dam  sit-e,  at  a  time  when 
the  water  was  apparently  at  a  trifle  below  mean  stage,  showed  a  discharge  of  64  cubic 
feet  per  second,  which,  if  uniform  for  an  entire  year,  would  give  as  the  availablo  sup- 
ply 2,018,304,000  cubic  feet. 

The  land  flooded  by  proposed  reservoirs  on  the  Tomahawk  River  would  be  as 
follows : 


State 
swamp 
lands. 

Entered. 

Raihoad. 

Indian 
reserva- 
tion. 

TTnited 
States. 

Total 

TJwcf  Tomahawk - 

Acres. 
548 
2,370 
587 

Acres. 
215 
105 
403 

Acres. 

Acres. 
120 

Acres. 
1,087 
406. 
1,608 

Aerss. 
1,970 
3,050 
2,496 

Spuirrel 

80 

lUce  Lake 

Total 

8,505 

723 

80 

120 

8,090 

7,618 
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Thore'is^a  small  Indian  settlement  between  Lakes  Eawaqnesagon  and  Tomahawk, 
where^a  few  acres  are  devoted  to  raising  com  and  potatoes.  A  narrow  margin  oi 
these  plantings  wonld  be  flooded  by  the  proposed  dam,  which  would  also  drown  out 
some  quite  extensive  tields  of  wild  rice,  covering  several  hundred  acres.  With  theee 
exceptioDs,  I  know  of  no  injury  that  would  be  done  to  any  private  interests. 

I  place  the  probable  cost  of  prox)ostid  works  on  the  Tomahawk  at  the  following 
figures : 

Upper  jTomahawk  dam $4, 729  00 

Squirrel  dam  and  dike 17, 115  00 

Rice  Lake  dam 24, 930  00 

Total 46,774  00 

IV. — BEAR  CREEK   WATERSHED,  154.5  SQUARE  MILKS. 

• 

This  is  an  extensive  but  shallow  basin,  affording  larger  holding-ground,  though  in 
no  place  could  high  banks  be  found  coming  near  enough  together  to  render  damming 
easy  except  just  below  Lake  Flambeau,  where  a  dam  ^5  feet  long  and  but  4  feet  high 
would  hold  all  the  water  tributary  to  the  lakes  above.  This  amount  is  small,  how- 
ever, about  1,000,000,000  cubic  feet. 

The  site  offering  the  best  results  is  immediately  below  the  junction  of  the  Mani- 
touish  with  Bear  Creek.  Here  good  banks  are  found,  though  at  a  formidable  distance 
apart — 2,500  feet.  A  dam  could  be  built  here  15  feet  high,  which,  in  coi^nnction  with 
2,000  feet  of  dike,  would  back  the  water  ©ver  the  lakes  at  head  of  Bear  Creek  and 
flood  extensive  meadows  on  Bear  Creek  and  the  Manitouish,  forming  a  reservoir 
having  an  estimated  capacity  of  5,406,567,152  cubic  feet.  This  reservoir  wonld  have, 
when  full,  a  surface  area  of  1,156,1)5!{,600  square  feet.  Computing  one-sixth  of  an 
annual  rainfall  of  30  inches  over  this  area,  and  one-third  of  that  rainfall  over  the  rest 
of  the  watershed,  we  have,  as  the  net  annual  supply,  3,107,280,000  cubic  feet.  The 
capacity  of  the  reservoir  is  thus  seen  to  be  in  excess  of  the  supply  by  2,299,287.152 
cubic  feet,  which  will  go  far  towards  retaining  the  surplus  (3,057,100,264  cubic  feet) 
coming  over  from  Rest  Lake  reservoir  above. 

Rest  Lake  reservoir  was  surveyed  by  Mr.  J.  H.  Dager,  in  1878,  and  described  in  his 
report. 

Tabulating  results,  we  have  for  Bear  Creek  and  Rest  Lake  watersheds : 


Bear  Creek 
Rest  Lake  . 


Capacity  of  res- 
ervoir. 


Drainage 
area. 


Net  supply  from 
rauuall. 


Cubic  feet. 
5, 406,  567, 152 
1,  840,  000,  000 


8q.  miles. 
154.5 
211.643 


Cubic  feet. 
3, 107, 280, 000  ? 
4, 897, 100, 264  5 


SorpliiB. 


Oahiofeet, 
757,813,112 


Amount  deliverable  for  a  period  of  90  days,  per  second,  931.91  cubic  feet. 

If  constructed  at  the  present  time  I  estimate  the  cost  of  the  above  works  as  follows : 

For  Bear  Creek  dam $38, 252 

For  Bear  Creek  dike 9, 248 

For  Rest  Lake  dam 7, 295 

For  Rest  Lake  dike 390 

Total.... 55,186 

The  area  to  be  flooded  consists,  aside  from  the  lake  systems,  mainly  of  extensive 
meadows  covered  with  excellent  grass.  There  would  also  be  drowned  out  some  large 
fields  of  wild  rice,  from  which  the  Indians  on  the  Flambeau  reservation  derive  at 
present  a  main  item  of  subsistence.  These  Indians  expressed  great  discontent  at  the 
possibility  of  any  part  of  their  domain  being  flooded,  even  showing  a  strong  dispoai- 
tion  to  interfen^  with  the  progress  of  the  survey. 


v.— ROUND  LAKE  WATERSHED. 


At  the  outlet  of  Round  Lake  a  dam  of  fair  construction  already  exists.  It  was 
built  in  187(>,  and  partially  rebuilt  since,  at  a  total  cost  of  $3,000,  and  is  probably  still 
good  for  five  or  six  years'  service.  It  is  170  feet  long  and  raises  the  water  6  feet,  with 
storage  capacity  for*884, 800,000  cubic  feet.  The  dam  might  safely  be  raised  to  a  height 
of  10  feet,  which,  with  a  dike  250  feet  long,  would  form  a  reservoir  holding  1,303,036,416 


cubic  feet. 


APPENDIX    U. 


1637 


A  good  dam-site  is  foand  also  below  the  outlet  of  Sqnaw  Lake,  in  section  28,  town- 
ship 40  north,  range  4  east.  Here  a  dam  9  feet  high  woald  give  a  capacity  of  731,808,000 
cubic  feet.  Assuming  the  rainfall  at  30  inches,  and  computing  one-sixth  of  this  on  the 
area  overflowed  and  one-third  over  the  rest  of  the  watershed,  we  have,  tabulating 
the  above : 


Boand  Lake 
Sqnaw  Lake 

Total. 


Capacity 
of  reservoir. 


Oubie/eet. 
1,  303,  036, 416 
731, 808, 000 


2, 034, 844, 416 


Drainage 
area. 


8q.  mUet. 

63 

•      39 


102 


Net  snpply 
from  latn* 
fall. 


Oubie  feet. 
1,  382, 304, 000 
864, 230, 400 


2,246,534,400 


Surplus. 


Oubie/eet 
79, 267,  584 
132, 422, 400 


211, 689, 984 


This  would  give  for  a  period  of  90  days  a  discharge,  per  second,  of  261.68  cubic  feet. 
With  prices  as  at  the  present  time,  I  estimate  the  cost  of  construction  as  follows : 

For  Round  Lake  dam $7, 360 

For  Round  Lake  dike 3,190 

For  Squaw  Lake  dam 4,000 

Total 14,550 

Of  the  land  area  which  would  be  flooded,  a  small  part  is  well  adapted  for  farming. 
The  only  portion  at  present  under  cultivation  is  a  farm  near  the  outlet  of  Pike  Lake, 
of  which  a  few  acres  would  be  submerged  |  the  larger  part  is  well  above  flowage.  Some 
wild-rice  fields  would  be  drowned  out ;  with  these  exceptions,  the  land  to  be  overflowed 
is  nearly  valueless. 

METHODS  OF  SURVEY. 

On  the  Pelican  reservoir,  transmit  and  compass  lines  were  run,  meandering  both  lakes 
and  swamps,  and  cross-sectiims  taken  at  frequent  intervals  whereby  the  several  con- 
tours up  to  20  feet  were  accurately  determined,  and  for  the  southern  portion  (where 
most  of  the  holding-ground  is)  up  to  28  feet.  Progress  was,  however,  necessarily  slow, 
the  swamps  being  thickly  grown  with  tamarac  and  cedar,  requiring  a  large  force  of 
axmen  to  cut  out  lines.  Six  weeks  were  consumed  on  this  work,  and  it  became  evi- 
dent that  to  make  an  equally  detailed  survey  of  the  entire  ground  I  was  directed  to 
examine  would  require  more  than  double  the  time  at  my  disposal.  From  this  point, 
therefore,  a  system  was  adopted  involving  less  accuracy  of  detail,  but  which,  it  is  be- 
lieved, has  given  results  sufficiently  close  for  present  purposes  and  generally  correct  to 
within  10  or  15  per  cent. 

All  the  lakes  encountered  were  found  already  meandered  by  the  United  States  land 

surveys,  and  from  these,  and  from  cross-sections  taken  at  sufficiently  frequent  inter- 

*  vals  to  deteriiiine  the  slope  of  their  banks,  their  capacity  as  holding  reservoirs  was 

determined,  the  elevation  of  their  natural  surfaces  being  of  course  in  all  instances 

obtained  by  careful  lines  of  levels  from  dam-site. 

The  swamps  lyin^  within  reservoir  limits  were  found  almost  without  exception  to 
have  a  tolerably  uniform  slope,  determinable  by  random  lines  of  levels  projected  into 
them  where  necessary.  By  this  means,  and  by  reference  to  the  land  maps,  and  verifi- 
cation of  their  indicated  swamp  areas  by  exploration,  the  different  flowage  lines  were 
drawn  in. 

In  the  case  of  Pelican  reservoir  the  results  given  are  very  accurate  for  a  20-foot 
dam,  but  less  so  for  a  28-foot  dam.  For  the  latter  my  estimate  of  capacity  is  probably 
somewhat  too  low. 

Throughout  the  survey  a  carefully-tested  continuous  line  of  levels  was  run,  and 
finally  connected  with  the  bench  at  the  mouth  of  Manitouish,  to  which  levels  had  pre- 
viously been  run  from  the  Wisconsin  Central  Railroad,  giving  its  true  height  above 
the  sea.  My  levels  were  then  corrected  back  (in  note-books)  so  as  to  refer  all  eleva- 
tions to  sea-level. 

Bench  marks  were  established  at  prominent  points  over  the  entire  work,  clearly 
marked  for  future  reference. 

Concerning  foundation  for  dams  I  can  give  little  satisfactory  information.  No 
rock  in  place  was  anywhere  encountered.  Beneath  a  thin  deposit  of  mud  or  surface- 
soil  was  fouud  in  all  cases  a  drift  formation,  consisting  of  sand  and  gravel  thickly 
interspersed  with  bowlders  of  all  sizes  up  to  10  feet  diameter,  rendering  it  impossible 
to  force  a  sounding-rod  down  to  ascertain  what  lay  beneath.  From  the  frequency  of 
side-hill  swamps  perhaps  it  may  be  inferred  that  an  impervious  stratum  of  clay  exiata 
at  no  great  depth. 
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Tablk  III.— Saint  Croix  Eivbr. 

n  ditto  feel  per  aecoBit  of  the  Saint  Croix  Birer  and  IribularU*. 


oTi. 

Saint  Croli  Elver.  M  b*ad  of  KeMleBiyer  Raplda 

Uo ..-- 

Aug.  14 

Toloiiatic  River,  at  upper  Ham  dto 

•^s 

Oot    13 

KetUe  Elver,  OM-lalf  mile  above  moua 

'Low-wktetmeunred  weir. 


APPENDIX  g. 
Table  IV.-i-Saint  Croix  Giver. 
ElevaiioM  and  alopet  en  Totogatie  and  Eait  Clairt  ri 
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APPENDIX  j. 
Table  VII.— Saint  Croix  River. 


Milei  of  ttUgraph  line  required  to 


3f  the  Saint  Croix  ei/item  of 


Pine  City,  on  Saint  Paal  and  Duliith  Rnilroad,  to  dam  on  Gronnd  Honse 34 

Pine  City,  on  Saint  Paal  and  Diiliith  Railroad,  to  dam  at  Chengwatana 2 

Cbengwatana  to  dam  on  Snint  Croix,  at  head  of  Kettle  River  Rapids 14 

Head  of  Kettle  River  Rapiils  to  dam  un  Yellow  Lake 14 

Yellow  Lake  to  dam  od  Namnkugon,  lielovr  the  mouth  of  TotOKatio  River 18 

Uoath  of  Tott^atic  to  dam  on  ^aiut  Croix,  lielow  Lake  Saint  Croix 14 

Branch  (offiwt)  to  dam  on  Totogalic,  below  Giliuore  Lake & 

Lake  Saint  C  roil  to  dam  at  out  lot  of  Eaii  Claire  Lake 19 

Ban  Claire  Lake  to  dam  on  Upper  Totonotiu 9 

Month  of  Tologatio  to  dam  ou  NamakaKon,  at  Voazio's SI 

Tellow  Lake  to  dam  on  Clam  River,  below  Clam  Lake 10 

Clam  Lake  to  dam  on  Yellow  River,  below  Rico  Lakes 10 

Total 160 

Making  Pine  City,  on  the  Saint  PanI  and  Dninth  Railroad,  the  headqnarteis  offioe 
of  the  system,  this  point  being  64  miles  distant  &oiu  Saint  PauL 
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Table  VIII. — Saint  Croix  River. 
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APPENDIX  p. 

Table  V. — Chippewa  River. 

Discharge  of  tributaries  to  Chippewa  Hirer, 


Station. 


Date. 


3?  5 


St-  r 

s  >  c 


1879. 
Below  Bear  Lake  on  Kant  Fork  of  Chippewa'  June  20 

July  12 
Aug.  1 
Aug.     6 


River. 

•Below  Littie  Chief  Lake 

At  site  for  proposed  dam  at  Pa-kwa-wang 

on  West  Fork  of  Chippewa  River. 


Below  site  for  proposed  dam  at  Moose  Lake  Sept  29 
and  below  month  of  Tea  River. 


Tea  River  one  mile  below  the  outlet  to  {  Sept.  30 

Crop  Lake.  •  i 

I 

Tea  River  on  West  Fork i 

Below  mouth  of  Tea  River— discharge  at  (o^^x   oa 

dam-site  on  West  Fork.  ,  >^P^-  ^ 

At  outlet  to  Little  Conrtes  Oreilles  Lake . .  >  Oct.    25 


Lin. ft,      I  Lin.  ft.  Sq.  /L 

0.6  153.0  471.96  0.8W  >X€ 

2.1  12L2,  49&.4  Q,9n  4714 

^6  '  190.35  0L212  4L6 

0.2  I  121.0,  193.32  Lfl*Q  3W.4 

0.2  I  12L0  I  193.32  L«»  351* 

0.2  •  121.0  193.32  L  8.V  331.5 

0.2  12L0  I  193.32  1.824  33S.« 

Low- water..       5L0  '  9L375  a.J«5  fl.f 

...do !       51.0  91.373  0.921  '4.2 

...do I       .'il.  0  91.375  0.900  M3 

-do ;      51.0  9L875  0.911  « :' 

•--.do    35. 0  ,  57.175  0.530  Al  ; 

do 35.0  57.175  0.531  ».! 

do ;  35.0  1  57.175  a524  3"X»' 

...do 35.0  57.175  0.528  »30.: 

...do I  51.0'  9L375  0-907  ItS-S 

...do {52.7 

0.3  !  41.0  108.075  0.261  3k2 

0.3;  41.0  la&075  ,     0. 2fi2  2a  J 


Dam  above  closed,      t  Mean  of  three  observations.      ^  Mean  of  four  observations.      §  DifTerenee. 


APPENDIX  q. 
Table  VI. — Chippewa  River. 


Tables  of  elevations  above  sea  level. 


east  fork  CHIPPEWA  RIVER. 

ElevatiiB 
in  feet 

Water  at  Chipi)ewa  Crossing,  East  Fork  Chippewa  River 1^  509. 3 

Water  in  East  Fork  Chippewa  River,  in  section  16,  township  42  north,  range 

2  west  (road  crossing) 1^  4^.  7 

Wat^ir  in  East  Fork  Chippewa  River,  in  section  19,  township  42  north,  range 

2  west  (foot  of  rapids) 1,463.5' 

Water  in  Pelican  Lake [[[[  l[4ei 

Wat<5r  in  Bear  Lake ]"'  i[432.9 

Water  helow  proposed  dam  at  Bear  Lake ][[[  1*430. 

Water  in  East  Fork  Chippewa  River,  at  head  of  Cedar  Rapids ,[  l| 42o!o 

Water  in  East  Fork  Chippewa  River,  at  head  of  Snaptail  Rapids ['/.'.'.  l\  368.'  i 

Water  in  BlaisdelPs  Lake,  nearly  same  as  foot  of  Cedar  Rapids WW.  1  374! 5 

Water  in  Hunter's  Lake WW.'.  l'3S5.3 

Water  in  Little  Chief  Lake '.'.'.'.'.'.  1*32X4 

Water  at  dam-site.  Little  Chief  Lake l'....  1*30^4 

WEST  FORK  CHIPPEWA  RIVER. 

Water  in  Partridge  Crop  Lake _^^  I  35144 

Water  in  Summer  Lake Ill"*  1*39611 

Water  in  Moose  Lake WW]  1*36L9 

Water  below  dam  at  Moose  Lake ^ .11^**  13G6L9 

Water  at  mouth  of  Tea  River *^ 1*3S&9 

Wftter  in  Crop  Lake ; ^ l*3SiH 
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Elevation 
in  feet. 

Water  in  LoHt  Lake 1,385. 

Water  at  mouth  of  Little  Chief  Eiver ^...  1,287.2 

Water  in  Little  Chief  River  at  J.  D.  Haywood's  dam 1,292.7 

Water  above  dam 1,293.8 

Water  in  Crane  Lake c  1,300.7 

Water  in  Chief  Lake 1,295.7 

Water  in  Large  Lake,  in  sections  26,  27,  34,  35,  township  40,  range  7  west.. .  1, 305. 9 

Water  in  Small  Lake,  in  sections  34,  35,  township  40  north,  range  7  west.. .  1,306.9 

Water  in  Pokegama  Lake 1, 290. 5 

Water  in  West  Fork  Chippewa  River  above  rapids,  near  dam  site 1, 286. 0 

COURTS  OREILLES. 

Water  in  Lake  Courts  Oreilles ! 1,287.2 

Water  in  Grindstone  Lake 1, 287. 6 

Water  in  Island  Lake 1,292.0 

Water  in  lake  in  sections  34,  35,  township  40  north,  range  9  west 1, 290. 6 

Water  in  lake  in  section  34,  township  40  north,  range  9  west 1, 292. 9 

Water  in  Fish  Lake 1,288.7 

Water  in  Sand  Lake  i 1,301.1 

Water  in  Little  Sand  Lake 1,303.8 

Water  in  Flat  Lake 1,320.3 

Water  in  Little  Coorts  Oreilles  Lake,  below  dam  site 1, 286. 4 

Water  in  Small  Lake,  section  33,  township  40  north,  range  8  west 1, 299. 7 


APPENDIX  r. 

Table  VII.— Chippewa  River. 

Table  of  distances  from  JEau  Clairej  hy  water. 
To—  Miles. 

Paint  Creek  dam  site 19 

Pa-kwa-wang  dam  site 116 

Little  Chief  Lake  dam  site 116.5 

Coortes  Oreilles  dam  site 118 

Moose  Lake  dam  site 130.5 

Bear  Lake  dam  site 131 

Butternut  Lake  dam  site 145 

Round  Lake  dam  site 172 

Squaw  Lake  dam  site  ..^ 179.5 

Park  Lake  dam  s^te 191.5 

Bear  Creek  dam  site \...  196.5 

Re«t  Lake  dam  site : 221.5 


APPENDIX  s. 

•  Table  VIII. — Chippewa  River. 

Table  of  lengths  of  ''  telegraph  line^*  necessary  to  be  constructed  to  connect  the  proposed  dam 
sites  at  the  different  reservoirs  at  the  sources  of  the  Chippewa  Biver  ioith  the  nearest  tele- 
graph  line. 

Miles. 

Chippewa-  Crossing,  on  line  of  Wisconsin  Central  Railroad,  to  Bear  Lake 16 

Bear  Lake  to  Little  Chief  Lake 12 

Little  Chief  Lake  to  Pa-kwa-wang 3 

Pa-kwa-wang  to  Moose  Lake 9 

Pa-kwa-wang  to  Courtes  Oreilles 16 

Bo ttemut,  on  line  of  Wisconsin  Central  Railroad,  to  Buttemat  Lake 6 

Fifield,  on  line  of  Wisconsin  Central  Railroad,  to^Jtonnd  Lake 17 

Round  Lake  to  Squaw  Lake 6 

Squaw  Lake  to  Bear  Creek 12 

Bear  Creek  to  Park  Lake 9 

Bear  Creek  to  Rest  Lake 9 

Chippewa  Falls  to  Paint  Creek 4 


-> 


Total 119 
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Table  IX.— Chippbwa  River. 

JM  of  lands  and  approxitnate  areas  which  will  be  overflowed  hjf  propomd 

Chippewa  River  and  tributaries. 


[Omitted.    See  House  Ex.  Doo.  No.  39,  Forty-tixth  Congress,  oeoond 


pp. 


Sitmmary  of  lands  damaged  at  the  reservoirs  on  the  Chippewa  River  and  iU  trUnLtarin. 


Name  of  reaenroir. 


Bear  Lake 

LitUe  Chief  Lake. 

HooseLake 

Pa-kwa*wane 

Conrtes  Ordlea.. 

Paint  Creek 

Buttemat  Lake  . . 

Park  Lake 

BetiLake 

Bear  Creek 

Bound  Lake 

Squaw  Lake 


Lands  belonging  to  State 
of  Wieoonsin. 


Lands  belonging  to  private 
IMotiee  and  oorporationa. 


CO 


Acrt$. 
720.00 


Total. 


1,000.00 


1 


120.00 


200.00 
520.00 
288.75 


3 

o 

H 


1 

J! 


Aeru. 
840.00 


652.64 

547.03 

614.17 

217.00 

14, 164. 00 

2,750.00 

1,060.00 


275.00 

1, 699. 00 

440.00 

425.00 


22, 625. 64  3, 965. 75 


1,200.00 

520.00 

066.75 

652.54 

547.93' 

614. 171 

402.00 

15,863.00 

3, 190. 00 

2, 385. 00 


Aert$. 

4,230.00 

2,693.91 

2,520.00 

5,969.18 

925.95 
2,236.56 
1, 472. 49 

121.88 
3,233.00 
1,320.00 
2, 405. 00 

775.00 


26,501.3927,902.97 


Acrei. 


o 
H 


TJaited  States  and  la^itt 


i 


a 


1, 440. 00, 

7, 274. 73 

3, 364. 93 

200.79^ 

607.74! 

28a  9o; 

41.00^ 

2,52L00 

757.  00| 

1. 400. 00 


Aeret. 
4,230.00 
2,603.91! 
3. 960. 00! 
13,243.91. 
4,290.88, 
2, 437. 85' 
2,080.231 
410.  78; 
3,  274. 00 
3,  841. 00 
3,162.00 
2,175.00 


Acres. 


e 


ACT€S.    .   Acttt- 


960.00 
1.058.53 
2.108.87 


7.37&W 
3, 410. 91 


MOlM 
9.oa7.«7 
5.519.79 


333. 10 33X  h» 

2,067.30 X0e7.3l 

3.657.00 1  3,657.« 

4,  842. OOll,  687. 00 16. Sm « 


604.00 
135.00 


240.00 


004.01 
37&W 


17, 896. 09,45, 790. 06 16, 306. 00!22.  716. 65 Ml  081  «3 


KoTB. — Approximately  correct 


IliSIIII 
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APPENDIX  t. 
Table  II.— Wisconbin  HrvER. 


[Omitted.    See  House  Ex.  Doc.  No.  39,  Forty-sixth  ConirreBS,  second  a 
98-105.1 

SUHUABT  ST  BESBETOIRS. 
Overjhwed  Jaade. 


s 

i 

1 

1 

It 

1 

I- 
t 

11 

1 

1?S 

1 

ieni. 

Ac».. 

&K5 

iS 

3,45« 

■    Mfl 

13,  WB 

J«« 

9M 

W,e72 

Hon.— Approxinutd;  eon«cb 


RBSBRVOIRS. 


ExUtiog  aluUxng  dama  on  Chippevia  and  WUcontiii  riven  and  tribuUtrUa,  at  or  ntar 

fro- 

Name  of  slrwun  upon  »hkh'                 t.»™h™  „r  .i.m 

Partloe  to  whom  cbwUr 
TfH  gnnt«d. 

I! 

^M^rth""  "^  ^''  ,  ^"^ 

FredrloQ.StMley^morj.  1878 

D.  Stonlay,  Biu=t k  BeiiL  1 

CoorWs  OrelU™  River E  ™of  east  line  of  townnhip  38  north, 

! 

1 

WeitForliChippflw.RiTep'  SeTuon  32,  townibtp  42  north,  nmge  5 
Ontlet  of  Pokegama  Lsko  ■ .    Section  32,  townaUp  40  north,  nnge  i 

1 

1 

1      *" 

*CKDlbulnor«oordof  ohuifln  f^rvited  for  duns  *t  thoM  looatlr 


tFloingg  on  TTlMinisfai  Blnr. 


tPilndpil  Bovkgs  on  Eagle  B 
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BESBRVOntS. 


trilmtary  to  Ae  Mi»»it»^mi  Simr  abott  U«  OMo,  tdtatfivm  OtiunI 
Warrenii  rtfort  on  bridgtng  tk«  ifiMtmippi  Biver, 


'%K» 

i 

el 

H 
4»l 

s 

i 

IS 

12.077 

111 

41.524 

£S 

48,331 
43,614 

la 
Is: 

S.IIS, 

IS 
li 

77.  aw 

i;i 

77,711 
7B,  fll4 

as 

*S:fl74 

Eg 

iiM.oas 

ffiS!? 

iiia.4411 

l(M,fl07 

1 

1 

1 
1 

1 

340 

flso 
*eno 

980 

i 

1,B8» 

1,300 
3«J 

m 

TOO 

2.am 

1,885 
HUB 

3n<i 

IM 

w 

,5a 

B.B. 

bIb." 

RB.' 

bI'b.' 

i 

&-± 

RB.' 
&& 

i! 

J 

i 

4 

s 

] 

a 
j 

i 

i 

174 

1 
i 
i 
i 

s 

396 

an 

438 
4« 

4»t 
4M 
4W 

IS 

BeiTer  Creelt 

I-K 

Bud  Creak 

S=gS::;::::::::::::::::::::::::;::::::;:::- 

ns: 

^wSSSi^Bii^:::;:;::::::::::::::::::::::::::::':: 

RB.i 

Suit)  Creek 

Slf.,?S!i,".r//.-.:;-.;::.--.:::::::-.:;:::::;:::---- 

E.B.i 

R-aL..... 

CfttnsliUnwk 

»-»fS- 

as:L,. 

.-33 

L-B. 

Si^arKr"'''"::;:;:::::;:::::::::::::;::::::::::: 

CopiwrasCrttk...- 

^  Tr 

PdlwCrreli 

SF^^^ii^f 

BSSitB.  

•  loWl  ol  M.Vimw»U  tl' 
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Table  of  aala^tkeS*  IHbatarg  to  the  Mittitt^pi  Eiter  abort  tie  Ohio,  fe. — Continued. 


Ruuf. 

1 

% 

1 

i       ^ 

1        IW 

jl 

1 

I 
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1 

1 
1 

SKS^m™;::;;::;:::;;:;;::; 

106,  «1 

K:S 

111, MB 
l2fl,30S 

mioo 
127,  aao 

129,170 

129.  ess 

129,731 
118<«71 

isiflli 

133.fla4 
132,704 
133, 7M 

132,881 

6M.U99 

zs 

684.  aM 

aii 
II 

IS 

13 

Hi 
-■Jj 

44 

4 

IB 
43 

i 

733 

7sa 

709 

1 

«06 

i 

8fil 
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Ub 
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SBt 
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1,008 

1 

K.R 

R.-B. 

ki 
II 

B.B, 

§:t 

B.3. 
RB.' 

Bin 

Si 

KB. 
K.B. 

Bla 
RB." 

^± 

Bmi  Creek 

Putins  Kiver 

«8 
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EXPERUIENTAL  DAM  AT  LAKE  WINTJIBIGOSHISH. 


Congress,  by  act  approved  June  14,- 1880,  appropriated : 


injuries  occuaioued  to  individaralB  bj  overflow  of  tlieir  lands  shall  l>e  ascer- 
tained nnd  deteiminrd  by  agreement,  or  in  accordance  with  the  laws  of  Minnesota, 
anil  Bbnll  not  exceed  in  tbe  aggregate  five  thousand  dollan. 

An  examination  of  the  site  was  made  dnrinp  tlie  month  of  June,  last, 
and  data  collected  from  which  to  prepare  detailed  jtlans,  drawings,  and 
estimates.  It  is  proposed,  with  the  funds  appropriated,  to  construct  a 
dam  of  timl>er  and  earth,  to  have  a  lift  of  about  10  feet  above  low-water; 
the  work  to  be  performed  by  day  labor  and  purchase  of  materials  in 
open  market,  it  not  being  possible  to  predict  quantities  of  material,  or 
insare  no  variation  in  mode  of  construction,  from  day  to  day,  so  aa  to 
warrant  entering  into  contract  for  the  same.  It  is  expected  that  the 
amount  appropriated  will  complete  this  dam ;  hence,  no  estimate  is 
rendered  for  futnre  work.  As  the  appropriation  for  this  dam  may  be 
regarded  as  the  initiative  for  a  trial  of  the  proposed  reservoir  system  at 
the  sources  of  the  Mississippi,  Saint  Croix,  Chippewa,  and  Wisconsin 
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rivers,  to  ameliorate  the  damage  from  floods,  and  to  improve  the  low- 
water  navigation  of  those  streams,  and  ultimately  of  the  Mississippi 
Biver  for  some  distance  below  Saint  Paul,  it  will,  in  addition  to  the 
maintenance  and  operation  of  this  dam,  be  necessary  to  observe  its  ef- 
fect upon  a  limited  i)ortion  at  least  of  the  river  below  jt.  To  carry  this 
out  and  care  for  the  ^'  plant"  will  require  for  the  fiscal  year  ending  June 
30, 1882,  at  least  $6,000.  In  the  original  estimates  for  the  reservoirs  it 
is  assumed  that  for  the  first  ten  years  the  dams,  if  well  built,  can  be 
kept  in  repair  for  15  per  cent,  of  their  original  cost.  The  sum  above 
named  is  far  below  the  15  x)er  cent.  It  is  probable  that  a  special  report 
upon  this  work  will  be  submitted  in  time  for  the  consideration  of  the 
next  Congress.  Ko  important  benefits  to  navigation  or  other  interests 
can  be  expected  from  this  single  dam. 

This  work  is  in  tlie  collection  district  of  Minnesota.    Dalath.  Minn.,  is  the  nearest   . 
port  of  entry,  at  which  place  the  revenues  collected  for  the  fiscal  year  ending  Jane  30, 
1880,  amoautedto^l,9  64.5 

Money  statement. 

Amount  appropriated  by  act  approved  Juue  14,  1860 |75, 000  00 

July  1, 1880,  amount  available 75,000  00 


U  10. 

SURVEY  OF  THE  MISSISSIPPI  RIVER  FROM  SAINT  PAUL  TO  THE  FALLS 

of  saint  anthony,  minnesota. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  Minn,^  April  15,  1880. 

General  :  I  have  the  honor  to  present  the  following  report  of  a 
survey  of  the  Mississippi  liiver  from  Saint  Paul  to  the  Falls  of  Saint 
Anthony,  made  in  obedience  to  the  requirements  of  section  2,  act  of 
Congress,  approved  March  3,  1879 : 

No  continuous  government  survey  of  this  piece  of  river  seems  to  have 
been  made  since  1867,  so  that  the  maps  now  presented  are  valuable 
as  showing  its  condition  to  date. 

The  survey  extended  from  the  lower  highway  bridge,  at  Minneapolis, 
to  the  Saint  Paul  and  Sioux  City  liaihoad  Bridge,  at  Saint  Paul,  a  dis- 
tance of  about  13  miles.  The  approximate  low- water  fall  between  these 
points  is  45  feet. 

The  channel  between  Minneapolis  and  Saint  Paul  is  divided  by  sev- 
eral islands,  and  occupied  by  log  and  sheer  booms,  cribs,  &c.  Just 
above  the  junction  of  the  stream  with  the  Minnesota  River  is  the  Fort 
Snelling  Bridge.  A  few  miles  above  tliis  bridge  is  the  site  of  the  bridge 
(under  construction)  of  the  Chicago,  Milwaukee  and  Saint  Paul  Rail- 
way Company.  The  channel  at  low- water  is  very  shoal,  and  the  bed  of 
the  river,  for  several  miles  below  Minneapolis,  paved  with  water-logged 
slabs  and  edgings,  refuse  from  the  mills  at  Minneapolis.  There  is  no 
steamboat  tratiic  between  Saint  Paul  and  Minneapolis,  excepting  that 
occasionally  a  small  light  draught  steamer  makes  an  excursion  as  far 
up  as  Fort  Snelling.  Therefore,  no  estimates  for  improvement  are  sub- 
mitted herewith. 

Congress,  by  act  approved  July  1^3,  1868,  granted  to  the  State  of  Min- 
i/esotrt  H?rtain  sections  of  public  lands  to  aid  in  the  construction  of  a 
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lock  and  dam  at  Meeker's  Island.  Subsequently,  by  act  approved  March 
3,  1873,  Congress  appropriated  towards  the  construction  of  the  lock  and 
dam  the  sum  of  $25,000,  with  the  proviso : 

That  all  rights  and  claimR  in  and  to  the  land-grant  made  to  the  State  of  Minnesota 
for  the  above  work  by  act  approved  July  23,  1868,  shall  bo  fully  relinquished  to  the 
United  States  before  any  of  this  appropriation  is  expended. 

'No  satisfactory  relinquishment  has  as  yet  been  made  to  the  United 
States. 

The  report  of  Assistant  Terry,  together  with  two  tracings  of  map  of 
survey  on  scale  of  1  inch  to  400  feet,  is  submitted  herewith.  • 
Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

(Jhief  of  Engineers^  tf.  S.  A. 


report  of  mr.  frederick  terry,  assistant  engineer. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  Minn.,  Apnl  12,  1880. 

Sir  :  I  respectfully  .submit  the  following  report  of  the  survey  of  the  Mississippi  River 
from  8ain*  Paul  to  the  Falls  of  Saint  Anthony. 

In  obedience  to  your  instructions,  I  commenced  work  at  Minneapolis  on  October  27, 
1879,  with  McHsrs.  J.  B.  Parkinson  and  E.  A.  Guill  as  assistants,  and  a  force  of  twelve 
laborers.  The  field  of  work  was  between  points  established  by  previous  United  States 
surveys  at  Minneapolis  and  the  survey  made  under  direction  of  Maj.  F.  U.Farquhar, 
which  had  been  brought  up  the  river  as  far  as  the  Sioux  City  Railroad  Bridge.  The 
distance  between  these  points  was  found  to  be  IIJJ  miles.  The  work  was  completed 
and  the  laborers  discharged  on  November  11,  1879. 

The  channel  of  the  river  is  divided  by  a  number  of  islands  and  bars,  these  last  con- 
sisting principally  of  sawdust  and  edgings  from  the  saw-mills  at  Minneapolis,  with 
some  gravel  and  small  rocks. 

The  current  of  tne  river  is  very  rapid  through  nearly  the  whole  distance  covered 
by  the  survey,  and  above  Meeker's  Island  the  (furrent  was  found  too  swift  to  sound 
with  any  of  the  appliances  at  my  command.  The  river  below  this  point  was  sounded 
without  trouble. 

The  slope  of  the  river  from  the  lower  bridge  at  Minneapolis  to  the  Sioux  City  Rail- 
road bridge  at  Saint  Paul  is  about  45  feet  at  a  2-foot  stage.  It  was  found  impossible 
to  arrive  at  an  exact  determination  of  the  slope  on  account  of  the  fluctuation  of  the 
water,  duo  to  the  manipulation  of  the  sluice-gates  of  the  water  power  at  Minneapolis. 

It  was  proposed  some  years  ago  to  construct  a  lock  and  dam  at  Meeker^s  Island  for 
the  purpose  of  extending  navigation  to  the  foot  of  the  Falls  of  Saint  Anthony,  and  a 
survey  was  made  in  1873  to  base  an  estimate  of  the  expense  of  such  a  work,  bat  the 
cost  was  found  to  be  so  great  that  nothing  has  ever  been  done  towards  its  construc- 
tion. I  present  no  plan  for  the  improvement  of  that  portion  of  the  river  covered  by 
the  survey,  as  there  is  no  commerce  above  Saint  Paul,  and  the  expense  of  any  such 
improvement  would  be  out  of  proportion  to  any  benefits  it  would  at  present  confer. 
Very  respectfully,  your  obedient  servant, 

Frederick  Terry, 

Assiatant  Engineer, 

Capt.  Chas.  J.  Allen, 

Corps  of  Engineers,  U.  S,  A, 


U  II. 

survey  of  saint  croix  river  from  taylor's  falls,  the  head  of 

steamboat  navigation,  to  prescott. 

Engineers  Office,  United  States  Army, 

Saint  Paulj  January  26, 1880. 

General:  I  have  the  honor  to  report  the  results  of  a  survey  of  the 
Saint  Croix  Biver,  Minnesota  and  Wisconsin,  made  in  accordance  with 
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authority  &om  the  Chief  of  Engineers,  as  per  letters  of  the  14th  and 
23d  of  May,  1879. 

Early  in  August,  as  soon  as  the  stand  of  water  apx)roached  the  low- 
water  stage,  a  party  was  organized  and  placed  in  charge  of  Assistant 
Engineer  Frederick  Terry,  assisted  by  Messrs.  J.  B.  Parkmson  and  B.  A. 
Guill,  assistant  engineers,  to  survey  the  river  from  Taylor's  Falls,  the 
head  of  steamboat  navigation,  to  Prescott,  at  the  confluence  of  the  Saint 
Croix  and  the  Mississippi,  the  total  distance  being  about  52  miles.  The 
operations  of  the  survey  consisted  in  the  usual  Ixiangulation,  meander- 
ings,  soundings,  and  gaugings  of  the  discharge ;  in  addition,  fall  lines 
of  level  were  run  over  the  entire  distance,  giving  the  fall.  The  levels 
are  all  referred  to  sea-level.  The  party  returned  to  this  city  on  the  24th 
of  October,  1879,  having  satisfactorily  performed  the  duties  required, 
and  was  immediately  transferred  to  the  survey  of  the  li^sissippi  be- 
tween Saint  Paul  and  the  Falls  of  Saint  Anthony,  said  survey  having 
been  ordered  by  section  2,  act  of  Congress  approved  March  3, 1879.  It 
was  considered  as  in  the  interest  of  economy  to  thus  transfer  the  partj". 
Upon  the  completion  of  the  latter-named  survey,  the  party  returned  to 
Saint  Paul  and  projected  maps  of  the  Saint  Croix  River. 

The  course  of  the  Saint  Croix  between  Taylor's  Falls  and  Prescott  is 
unusually  direct  for  a  stream  flowing  over  an  allu\'ial  bed.  But  few 
curs'es  occur.  The  mateiial  composing  the  bed  is  sand,  gravel,  some 
bowlders,  and  some  clay.  The  banks  are  subject  to  wash.  The  channel 
is  divided  by  a  large  number  of  islands,  forming  secondary  channels, 
chutes,  and  sloughs,  which  are  largely  utilized  by  the  logging  interests 
for  storage  and  distribution  of  logs.  The  banks  are,  alternately,  bottom 
and  blufl';  the  former  about  8  to  10  feet  above  low- water;  the  latter 
rising  as  high  as  150  feet.  At  the  Dalles  the  trap  rock  rises  precipi- 
tously from  the  water's  edge.  The  river  is  fed  by  numerous  streams, 
ranging  from  the  smallest  creeks  upwards.  The  Apple  and  Kinnickin- 
nick  rivers  contribute  large  quantities  of  gravel,  and  all  of  them  more 
or  less  gravel,  sand,  and  mud.  As  might  be  expected,  frequent  changes 
in  the  channel  have  occurred,  especially  after  the  spring  freshets.  The 
low- water  volume  at  Taylor's  Falls  is  about  1,900  cubic  feet  per  second: 
at  McLeod's  Lake,  about  11:  miles  below  the  falls,  it  is  2,300  cubic  feet 
per  second ;  and  at  the  foot  of  the  lake  about  2,800  cubic  feet  per  second. 

The  average  low -water  slope  from  Taylor's  Falls  to  Stillwater,  at  the 
head  of  the  lake,  is  0.005  foot  per  mile. 

The  range  of  water  surface  at  Taylor's  Falls  Landing,  below  the  Dal- 
les is  11  feet;  at  Stillwater,  16  feet;  and  at  Prescott,  where  the  Missis- 
sippi exerts  a  strong  influence,  it  is  about  22  feet.  The  stage  of  water 
in  the  river  is  much  alfected,  also,  by  the  operations  of  the  dams  above 
the  Dalles,  these  dams  being  used  by  loggers  for  the  jmrpose  of  creating 
a  driving  stage  for  logs.  This  has,  however,  been  referred  to  in  my 
report  of  December  9,  1878,  ui)on  jthe  Saint  Croix. 

The  obstructions  to  navigation,  viz,  piers,  snags,  leaning  trees,  bowl- 
ders, sand-bars,  &c.,  arc  also  referred  to  in  that  report  and  in  preceding 
ones. 

The  stream  is  navigated  b}'-  steamers  and  barges;  and,  in  addition, 
by  rafts  below  Stillwater. 

Three  feet  to  3^  feet  depth  in  the  channel  at  lowest  water  generally 
satisfies  the  wanfs  of  steamers  plying  above  Stillwater.  To  insure  the 
depth  required  the  low- water  width  of  the  stream  must  be  contracted 
at  a  number  of  points  to  400  feet. 

The  survey  coiiunenced  at  the  Dalles  Bridge,  although  a  benchmark 
was  established  at  a  point  on  the  Minnesota  side  about  4,000  feet  above 
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tlie bridge.  From  tbat  poiut  to  the  Taylor's  Falls  Landiug,  a  distnnoe 
of  about  5,600  I'eet,  the  fall  of  the  low-water  surface  was  ascertained  to 
be  19.27  feet ;  the  greater  part  of  the  &11  accumulating  at  the  portion 
of  the  Dalles  apauued  by  the  bridge. 

During  the  earlier  period  of  the  survey  and  until  McLeod'u  Lake  was 
reached  the  stiige  of  water  avei-aged  2.6  feet  above  low-wat«r;  during 
the  rest  of  the  surrey  the  gauge  indicated  about  6  inches  above  that 
])laue.  Tlje  actual  soundings  are  plotted,  but  the  curve  projected  on  the 
maps  heiewith  in  red  is  a  3-foot  cuive  reduced  to  low-water.  Much  of 
the  good  depth  of  water  indicated  on  the  maps  is  due  to  the  removal  of 
obstructions  and  other  work  ]>erformed  by  the  United  States  in  1878 
and  1879. 

The  first  place  below  the  Dalles  where  shoal  water  was  found  dimug 
the  siu^ey  is  in  the  vicinity  of  Islands  1  and  2  (see  map).  Between 
Island  No.  2  and  the  right  bank  is  a  channel  kuown  as  Clark's  Slough, 
which,  although  incumbered  more  or  less  by  old  oribs,  &c.,  has  for 
several  seasons  possessed  better  depth  of  water  than  the  leftbaud  chan- 
nel. A  large  number  of  cribs  and  other  obstructions  was  removed  by 
the  United  States  in  1878,  and  the  material  'utilized  in  the  repair  and 
extensiouof  the  wing-dam  at  the  upper  end  of  tbe  island  (shown  in  black 
on  the  map}.  The  right  bank  of  the  island  was  also  revetted  during  the 
same  season.  The  result  has  been  a  good  channel.  After  heavy  stoi-ms 
in  summer,  however,  the  toiTents  issuing  through  the  ravines  leading 
Irom  the  bluffs  on  the  right  bank  carry  sand  into  this  channel,  a  notable 
instance  of  such  action  having  occurred  during  the  seasuu  of  1879.  To 
keep  this  channel  up  to  its  maximum  usefulness  will  lequu-e  tlie  con- 
struction of  the  small  dam  between  the  island  and  the  tow-head,  and, 
probably,  about  200  linear  feet  of  brush  and  stone  wall  at  the  lower  end 
of  the  island,  as  shown  in  red  on  the  map.  The  current  evinces  a  tend- 
ency to  set  in  behind  Island  Ko.  1,  above,  enlarging  the  chute  and  dis- 
turbing the  existing  state  of  affairs  in  this  locality.  A  dam  850  feet  in 
lengtli  is  projected  to  close  this  chute. 

Proceeding  down  stream  we  come  to  Island  No.  3,  between  which  and 
the  left  bauk  of  tlie  mainland  is  a  channel  about  150  feet  in  width.  To 
serve  the  double  purpose  of  diverting  the  water  from  this  channel  and 
of  maiDtuiuiiig  the  low-water  width  in  the  main  channel  at  400  feet,  a 
jetty  000  feet  in  lengtli  is  projected. 

Good  depth  of  water  was  found  from  this  last-named  poiut  dowu  ht 
the  bead  of  Island  No.  C,  or  Boom  Island.  The  current  above  the  head 
of  the  island  sets  strongly  against  the  lett  bank,  which  is  protected  by 
a  revetment  constructed  in  1878  about  1,100  feet  in  length,  and  by  a 
low  dam  just  below  the  poiut  300  feet  in  length.  The  channel  behind 
Boom  Island  was  at  one  time  partially  closed  by  dMris  of  cribs,  &c., 
but  the  floods  of  last  season  swept  the  material  away,  so  that  there  is 
strong  probability  of  a  large  volume  ot  water  taking  this  channel.  To 
prevent  such,  and  maintain  the  depth  in  the  main  channel,  a  dam  620 
feet  in  length  is  proposed.  A  dam  300  feet  in  length  across  the  slough, 
left  bank,  above  Franconia,  wdl  assist  in  maintaining  a  good  depth  over 
this  streteb  of  river. 

Just  below  Boom  Islaud  are  the  Osc«ola  Islands  7,  8,  0,  and  10.  The 
steamboat  channel  here  is  along  the  left  bauk  and  m  iront  of  Osceola. 
It  can  be  seen  by  the  map  that  a  large  body  of  water  flows  behind  Nos. 
8,  0,  and  10,  to  prevent  which,  as  well  as  to  maintain  the  depth  neces- 
sary' in  the  main  channel,  a  series  of  dams,  in  all  1,425  feet  iu  length,  is 
proposed. 

About  1  nule  below  Osceola  are  Islands  Nos.  12  and  13,  the  latter 
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known  as  Mile  Island.  The  channel  at  this  locality  changed  in  direc- 
tion, following  the  high-water  of  last  spring,  and  now  passes  to  the  left 
of  Mile  Island.  One  of  the  channels  must  be  closed;  probably  the  right- 
hand  one.    Two  dams,  of  total  length  800  feet,  are  proposed. 

I  may  state  here  that  all  the  dams  and  jetties  proposed  are  not  to 
have  their  upper  surfaces  more  than  2  feet  above  low-water,  and  that 
their  locations  and  dimensions  are  but  approximate,  as  the  channel  may 
change  before  they  can  all  be  constructed. 

About  half  a  mile  below  Mile  Island  is  the  Limekiln  Grossing,  where 
trouble  is  frequently  experienced  by  steamers  at  low-water  stage.  To 
contract  the  water-way  here  about  550  linear  feet  of  brush  and  stone 
work  will  be  necessary. 

Just  above  Island  Xo.  14  a  dam  or  jetty  450  feet  in  length  will  be 
required. 

Passing  Island  No.  IG,  the  locality  known  as  Cedar  Bend  is  reached. 
The  channel  at  this  point  has  at  times  passed  behind  Islands  17  and 
18.  The  channel  marked  as  the  East  Slough  also  abstracts  some  of  the 
volume  of  the  river,  and  a  large  portion  of  the  volume  of  discharge  goes 
behind  Island  19.  The  banks  of  the  latter  island  and  of  the  large  island 
above  it  arc  cutting  rapidly.  About  1,550  linear  feet  of  dams  will  be 
required  here,  and  also  about  1,000  linear  feet  of  shore  protection. 

After  leaving  Cedar  Bend  no  diflSculty  in  navigation  is  experienced 
nntil  reaching  the  foot  of  McLeod's  Lake,  where  the  width  of  stream 
increases,  with  a  shoal-crossing.  At  this  point,  owing  to  the  direction 
of  the  current,  four  short  spurs  on  the  left  bank,  aggregating  in  length 
675  feet,  will,  it  is  thought,  prove  suflicient. 

At  Island  21  there  is  a  shoal  stretch  of  river,  owing  to  the  increased 
channel  width.  A  series  of  dams  and  spurs,  aggregating  about  700 
linear  feet,  is  here  proposed. 

Just  above  tlic  head  of  Island  22  (Pine  Island)  the  channel  again 
shoals.  The  cluinnel  appears  to  be  changing  in  direction  at  this  point, 
making  towards  the  right  bank,  whence  it  will  probably  cross  again  to 
the  opposite  bank.  It  is  probable  that  a  jetty  600  feet  long,  as  indi- 
cated on  the  map,  will  be  required  here.  About  opposite  the  middle  of 
the  island,  the  crossing,  during  the  latter  j)art  of  the  season  of  1879, 
was  unusually  shoal.  This  crossing  was  so  improved  by  the  construc- 
tion of  a  jetty  that  no  further  work  will  probably  be  required  here.  The 
sliore  of  IMne  Island  was  revetted  for  a  distance  of  800  feet.  The  chan- 
nel depth  is  now  not  less  than  5  feet.  The  old  line  of  piling  below  the 
jetty,  shown  by  doited  black  line,  and  the  hard  bars  surrounding  it  aid 
in  iiiaintaining  the  flow  of  water  along  the  right  bank.  Previous  to  the 
construction  of  the  jetty  we  ailbrded  some  aid  to  steamers  by  scn^iing 
a  tenij)orary  channel  at  the  crossing. 

The  channel  is  generally  good  from  this  latter  iK)int,  excepting  at 
Island  25,  where  250  feet  of  dam  will  be  required,  to  the  mass  of  islands 
and  minor  channels  above  Areola,  known  as  Page's  Slough. 

A  large  portion  of  the  volume  of  discharge  is  diverted  from  the  main 
river  through  these  small  channels,  and  the  closure  of  a  sufficient  num- 
ber of  them  by  dams,  as  indicated  on  the  map,  ^vill  probably  suffice  for 
this  portion  of  the  river.    Total  length  of  dams  about  400  feet. 

Below  Areola,  and  as  far  down  as  Island  Ko.  32,  the  channel  is  divided 
by  islands.    About  1,375  linear  feet  of  dams  required. 

Between  Islands  34  and  35  and  the  left  bank  is  what  is  known  as  the 
Canal,  a  deepening  of  a  secondary  channel  in  1867  by  the  logging  in- 
terests for  the  benelit  of  steamers  when  the  main  river  at  this  point  is 
closed  by  booms  and  running  logs.  This  canal  is  frequently  used  by 
steamers  when  logs  r\m  \\\  gt^^iX,  Twv«v\iVi»T«»,    Lt  is.,  however,  narrow,  and 
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in  some  parts  quite  sboal.  No  estimate  is  rendered  herewith  for  widen- 
ing or  deepening  this  canal,  as  it  is  the  work  of  private  parties,  althongh 
opened  by  thern  to  the  public.  No  particular  contraction  of  tlie  river 
at  this  point  appears  necessary  at  present.  The  booms  thrown  across 
the  river  from  this  point  for  some  miles  above  and  below  and  the  run- 
ning of  logs  have  always  interfered  with  steamboat  traffic  more  or  less; 
but  a  more  Judicious  location  of  pockets  for  the  storage  and  assorting 
of  logs  has  been  made  during  the  past  season,  lessening  the  difficulties 
of  navigation  in  a  degree.  A  few  old  cribs,  piles,  &c.,  may  eventually 
require  removal  at  this  locality. 

From  the  foot  of  the  canal  to  Stillwater,  the  channel  is  at  present  a 
good  one.  Just  above  Stillwater  the  main  channel  passes  between  Isl- 
ands 43,  44,  45,  and  the  left  bank,  bordered  by  high  and  firm  bluffs ; 
thence  to  the  Stillwater  wharf.  Some  interests  desire  the  closing  of  the 
present  (east)  channel  so  as  to  deepen  the  west  channel,  in  the  hope  of 
deepening  the  water  along  the  Stillwater  front.  As  such  procedure 
would  be  attended  with  doubtful  results,  it  does  not  seem  advisable  to 
go  to  such  expense  so  long  as  a  gooil  channel  (the  east)  aiready  exists. 
The  channels  may  of  themselves  change  as  desired  in  the  course  of 
years,  though  there  are  no  indications  at  present  of  such  change.  Some 
few  snags,  &c.,  yet  remain  to  be  removed  from  the  east  channel,  and 
the  gaps  between  Islands  43,  44,  and  45  may  require  closing  by  another 
season.  Some  revetment  will  also,  probably,  be  nec*e8sary  to  preserve 
the  islands  which  now  bound  the  east  channel;  probably  300  linear  feet 
of  dams  and  700  linear  feet  of  revetment. 

Stillwater  is  at  th^  head  of  the  Lake  Saint  Croix.  The  lake  is  here 
spanned  by  a  bridge,  with  ponton  draw  nearly  300  feet  in  the  clear. 
The  lake  is  about  23  miles  long,  averaging  a  little  more  than  three-fourths 
of  a  mile  in  wiilth.  Its  depth,  excepting  at  the  bars  to  be  noted  further 
on,  is  from  30  feet  to  50  feet. 

Just  abov^e  Hudson,  and  about  6  miles  below  Stillwater,  the  lake  is 
spanned  by  the  Chicago,  Saint  Paul  and  Minneapolis  line  of  railway 
bridge.  The  approach  to  the  bridge  consists  of  a  long  and  high  em- 
bankment, which  infringes  upon  the  width  of  the  lake  at  least  1,200  feet. 
The  bridge  consists  of  one  span  about  140  feet  in  the  clear  at  low- water, 
and  a  draw  with  spans  of  about  140  feet  each  in  the  clear.  By  reference 
to  the  map  it  will  be  seen  that  the  draw-pier  is  badly  located  with  refer- 
ence to  the  direction  of  current,  and  that,  in  order  to  facilitate  the  pas- 
sage of  the  west  draw-span  by  rafts  and  steamers,  a  sheer-boom  or  line 
Of  piling  should  extend  above  the  draw,  and  nearly  on  the  prolongation 
of  the  axis  of  the  draw-pier,  or  at  least  1,000  feet,  and  some  projecting 
points  of  bar  be  removed.  No  estimate  is  rendered  for  this,  as  it  seems 
work  pertaining  to  the  bridge  company. 

The  railroad  embankment  crosses  a  portion  of  what  is  known  as  Wil- 
low River  Bar,  a  bar  extending  across  the  greater  part  of  the  lake  just 
below  the  bridge,  and  for  more  than  a  mile  down  the  lake  measured 
from  the  draw.  The  main  channel,  after  passing  the  draw,  lies  along 
the  right  bank,  and  is  narrow  and  tortuous.  This  bar  was  no  doubt 
originally  caused  by  contributions  of  material  from  Willow  Kiver, 
brought  down  by  Hoods.  Of  late  years  Willow  River  has  been  closed 
by  a  dam  in  order  to  create  water-power,  thus  arresting  its  contributions. 
It  is  thought  that  by  dredging  the  material  between  the  line  A  B  (see 
map)  and  the  right  bank  so  as  to  afibrd  a  depth  of  4^  feet,  relief  will  be 
experienced  for  a  number  of  years  to  come. 

Materiel  to  be  removed,  sand,  gravel,  clay,  and  a  few  bowlders. 

Estimate,  36,000  yards,  at  30  cento  per  yard $10,800 
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About  6  miles  below  Hudson  Bridge  is  Catfish  Bar,  making  oat  in  i 
loDg  spit  from  the  left  bank.  The  channel  is  narrow,  and  has  sufficient 
dei>th,  but  when  sti^ong  winds  prevail  its  passage  is  troublesome  to 
steamers,  and  especially  to  rafts.  It  is  thought  that  by  dredging  oat 
the  prism  of  material  bounded  by  the  line  (J  D  on  one  side  aud  tb« 
curved  red  line  on  the  other  to  a  depth  of  4^  feet,  sufficient  room  will  be 
afibrded  for  a  number  of  years  to  come.  If  it  is  found  that  Bowlw* 
Creek  contributes  enough  material  to  form  the  bara^ain,  a  car^'eddike, 
as  indicateci  on  the  map  in  dotted  red,  can  be  established  to  train  tbe 
material  into  deep  water  and  out  of  the  way ;  or  a  position  for  a  dam,  or 
other  works,  to  arrest  the  movement  of  the  material,  may  possibly  be 
found  within  the  limits  of  the  creek  itself. 

Material  of  bar,  sand,  gravel,  clay,  bowlders. 

Quantity  to  bo  removed,  20,000  cubic  yards,  at  '30  cents  per  yard ^,001 

About  5J  miles  below  Catfish  Bar  is  Kinnickinnick  Bar,  donbtlessdue 
to  contributions  of  material  from  the  Kinnickinnick  River,  which  enters 
from  the  lett  bank.  The  channel  which  lies  to  the  westward  of  the  bar 
is  500  feet  in  width  and  with  good  depth  throughout.  Unless  this  bar 
increases  in  width  rapidly,  nothing  will  be  required  at  this  ]K>int  in  the 
•hape  of  improvement  of  navigation  for  many  years  to  come. 

A  system  of  lights  at  Kinnickinnick,  Catfish,  and  Willow  River  bara, 
as  well  as  at  some  few  other  points  below  Stillwater,  is  earnestly  desired 
by  those  who  navigate  the  lake. 

Prescott,  at  the  foot  of  the  lake,  is  6  miles  below  Kinnickinnick  Bar. 
Kothing  seems  to  be  required  here.  • 

RKCAPITrLATION  OF   ESTIMATES. 

11, 800  iiiH^ar  feet  of  dams  and  jetties,  averagiuj?  per  linear  foot  S2.75 f32, 4r4l 

2, 000  linear  feet  of  shore  protection,  at  84 *i,m 

S6, 000  cubie  yards  of  dredging,  at  30  cents n;,  ?^* 

fienioving  snags,  stumps,  leaning  trees,  old  piers,  &c S. t«U* 

60.*^ 

The  sum  of  $25,000  can  be  profitably  expended  during  the  fiscal  vear 
ending  June  30,  1881. 

Brush  of  ]>roper  size  for  the  constructi<m  of  dams  cannot  always  be 
obtained  in  sutticient  quuntity  in  the  immediate  vicinity-  of  a  work. 

Edgings  from  saw-mills  have  been  used  for  the  base  of  the  revetment 
at  Marine  Bar,  and,  from  the  ex])erience  in  using  them  thus  far,  tbej 
promi>e  good  results.  The  edgings  are  about  12  feet  long  and  are  made 
up  into  fascines,  and  from  these,  rafts  or  mats  are  made  and  sunk  into 
X)osition. 

As  regards  the  position  of  a  wing-dam,  or  jetty,  with  reference  to  the 
cun^ent  of  the  stream,  considerable  diversity  of  o])iniou  exists.  It  would 
seem  that  no  esi)ecial  rule  can  be  strictly  followed.  Dams  pn)jt*cted  in  a 
directi(m  normal  to  the  shore  line  Inking  shortest,  require  less  material 
Dams  inclined  downstream  are  subject  to  scour  along  the  upstream 
face,  besides  i)rotecting  the  shore  just  below  their  junction  with  it,  lejtf 
than  those  do  which  are  inclined  ui)stream.  Dams  incline<l  upstream, 
however,  are  subject  to  scour  along  the  lower  face.  All  thive^pefl 
must  resist  effect  of  overfall  and  scour  around  their  heads.  In  the  citfe 
of  a  stream  like  the  Saint  Croix,  where  many  millions  of  logs  are  run 
down,  it  seems  In^tter  to  incline  the  dams  downstream  generally,  a« 
•uch  tend  to  sheer  the  logs  into  the  main  channel  as  the  water  8ubflide«, 
keeping  the  logs  from  stranding  u]>on  them.    There  are  several  notabli 
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instances  on  this  river  of  the  effect  of  lines  of  piling  inclined  down- 
fltream  to  support  booms  placed  for  the  purpose  of  guiding  logs  iuto  the 
channel  desired.  A  large  sand-bar  has  almost  invariably  formed  jusfc 
nuderueath  the  line  of  piles,  forming,  with  the  piles  themselves,  a  com- 
pact inclined  jetty.  The  formation  of  a  sand-bar  below  a  line  of  pihng 
is  not,  however,  a  matter  of  such  certainty  as  to  warrant  the  rejection 
of  permanent  brush  and  stone  work. 

Appended  is  a  list  of  distances ;  also,  statistics  of  the  river ;  and,  ac- 
companying, are  six  tracings,  on  a  scale  of  1  inch  to  400  feet,  showing 
the  stream  from  Taylor's  Falls  to  Prescott;  also,  one  tracing  showing 
<5r<)8s-section8  of  dams  and  revetments  constructed  by  the  United  States 
on  the  Saint  Croix  and  Chippewa  rivers,  and  which  have  endured  well; 
also,  tracing  showing  effect  of  jetties  with  different  inclinations  taken 
from  a  work  on  the  improvement  ol  the  Rhine. 
Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Ungineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8,  A. 


Table  of  dUiances  on  Saint  Croix  Bivery  commencing  at  Taylor's  Falls  Bridge, 


1 
2 


Island  No. 


4 

5  (Boom)  .. 

« 

7 

8    

9 

10  (Osceola) 

11 

12.... 

13(Mlle)  ... 

14 

16 


Miles. 


0.7 
1.3 
2.1 
2.5 
5.3 
5.6 
6.0 
&4 
6.6 
6.7 
7.4 
7.8 
&0 
9.3 
9.4 


Island  No. 


16 

17 

18 

19 

20 

21 

^2  (Pine) 

23 

24 

25 

26 

27 

28 

29 

30 


Miles. 


0.5 
9.9 
10.0 
lU.  1 
12.3 
13.9 
15.1 
16.0 
17.0 
19.  Sf 
20.5 
20.8 
21.2 
21.4 
21.7 


31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 


Island  No. 


MUes. 


22.  t 
22.9 
23.7 
24.  i 
24.7 
25.4 
25.1 
2&0 
2&9 
26.1 
26.4 
26.7 
27.9 
27.1 
27.2 


Miles. 

To  Stillwater  Bridge 28.5 

To  HiidHon  Bridge 34.5 

To  Cattish  Bar 40.1 

To  Kiunickinnick  Bar 45.7 

To  Prescott 51.7 

CdMMERCIAL  STATISTICS. 

The  Saint  Croix  River  is  in  the  collection  district  of  Minnesota.  The  nearest  port 
of  entry  is  that  of  Duluth,  Minn.,  at  which  port  $7,7(>4.51  of  revenue  was  collected  for 
the  fiscal  year  ending  June  3',  lt^9. 

• 

FREIGHT  AND  PASSENGERS. 


Th^re  were  three  steamboats  engaged  exclusively  in  the  freight  and  passenger 
business  during  the  season  of  1879,  and  from  the  statement  it  will  be  seen  that  th* 
busiue-s  done  was  large,  when  we  take  into  consideration  the  length  of  river  traversed— 
le-ss  than  &)  miles.  Of  the  three  steamboats  engaged,  two  plied  oetween  Hastings  and 
Taylor's  Falls,  and  commenced  running  on  the  opening  of  navigation ;  and  the  other 
between  Stillwater  and  Taylor's  Falls,  and  commenced  running  about  August  1. 
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Tho  fi^nrps  below  were  furnished  by  Capt.  John  H.  Reaney,  of  Saint  Paul,  Vibil, 
ftnd  Capt.  David  Hays,  of  Osceola  Mills,  Wis.,  under  who»e  directions  the  boats  wen 
•perated. 


Commodities. 


Yloar 

Wheat 

lierchandlse,  &o 

X*im6 

Bran  and  feed  . . . 

Barley 

Oato 

Salt 


Total. 


'^1 
^1 


7,  490.  000 

17,  244.  000 

9,  343.  4(10 

868.800 

87.500 


^  «   9  e* 


I 


90.000 


810.  000 
8.207.995 
2.488,000 
1,074.300 


60,000 
24,500 


I 


11.KSLIW 
I.»i3.l0t 


35, 123,  700      12,  683, 295  ,    47, 7M.I 

I  '  _ 


Passengers  carried  up  and  down  stream,  number,  9,244. 

LOOS,   LUMBER,   RAFTINO,  AND  TOWINO,   SBASOM'  OF  lb79. 

Logs, — About  202,000,000  feet  of  Iocs  paKse<l  through  the  Saiut  Croix  boom  dnnng 
the  season,  which,  at  an  estimated  value  of  $8  per  thousand  fe«t,  would  represent  the 
■nm  of  |1,61H,000.     At  the  boom  about  300  men  wen;  employed  for  100  days. 

Lumber, — There  are  ten  large  saw-mills  on  the  Saint  Croix  River,  seven  of  which  ire 
located  at  and  around  Stillwater,  the  head  of  Lake  Saint  Croix,  and  engaged  in  tho 
manufacture  of  lumber.    These  seven  mills  cut  during  the  season : 

Lumber .' feet..     83,727.?20 

Shingles 40. 23??.  000 

Lath 27,tiOO,UU0 

The  estimated  value  of  these  products  is  about  $1,170,000.  Expense  attached  to 
manufacturing  the  above,  $200,000.  The  other  three  mills  ai*e  located  at  Francooii, 
Marine,  and  Glenmore.  The  amount  of  their  business  has  not  been  obtained,  baft 
8,000,000  feet  would  be  a  low  estimate  of  the  amount  of  lumber  manufactured. 

Rafting, — This  branch  of  business  requires  a  large  force  of  men,  carried  on,  however, 
4nring  only  a  portion  of  the  season.  The  amount  of  lumber  rafted  foots  up  102,000,000 
Ibet. 

Towing, — There  were  twelve  steamboats  engaged  in  the  touring  of  lumber  and  lop 
to  various  points  during  the  season.    The  amount  towed  was  117,000,000  feet. 


/ 
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ntPROVEMENT  OF  TENNESSEE  AND  CUMBERLAND  RIVERS  AND  OF 
RIVERS  IN  EASTERN  TENNESSEE  AND  GEORGIA. 


bepout  of  major  william  r,  king,  corps  of  engineers,  officer 
in  charge,  for  the  fiscal  year  ending  june  30,  1880,  with: 
other  documents  relating  to  the  works, 

United  States  Engineer  Office, 

Chattanooga^  Tetin.,  July  ifS,  ISgO. 

General:  I  have  tbe  honor  to  submit  auuual  reports  on  the  works 
under  my  charge  for  the  fiscal  year  eudmg  June  30,  1880. 
Very  respectfully,  your  obedient  servant, 

W.  E.  KiNQ^ 
Major  of  Engineers. 
Chief  of  Engineers,  U.  S.  A. 


V  I. 

improvement  of  Tennessee  river. 

I. — ABOVE  CHATTANOOGA. 

This  section  of  the  river  extends  from  Chattanooga  to  Knoxvllle,  a 
distance  of  189  miles  by  water,  and  the  improvement  required,  and  which 
has  been  in  progress  nine  years,  consists  in  excavating  rock  reefs  and 
gravel  bars  from  the  channel  and  narrowing  the  channel  at  shoal  places 
by  stone  wing-dams,  thus  giving  increased  depth  and  securing  a  navi- 
gable channel  for  steamboats  of  3  feet  draught  at  all  seasons  of  the  year. 

There  are  in  all  twenty-nine  obstructions  (reported  as  such  by  steam- 
boat men)  on  this  jmrtion  of  the  river,  twenty  of  which  have  been  either 
entirely  removed  or  so  far  imi)roved  as  to  be  of  secondary  importance, 
and  nine  remain  to  be  comi)leted. 

The  last  appropriation  for  this  section  of  the  river  was  all  expended 
on  Chota  and  Coulter's  Shoals,  the  former  of  which  has  heretofore  been 
the  most  serious  obstruction  between  Knoxville  and  Loudon.  The  fol- 
lowing are  the  quantities  of  work  done :  ^ 

Rock  excavated  from  channel cubic  yards . .  15 

Gravel  excavated  from  chaunel - do 5^ 

Drift  removed  from  channel cords. .  35 

Kock  quarried  for  dams cubic  yards..  4,374 

Rock  placed  in  dams , do 5,182 

The  work  is  done  in  the  most  substantial  and  economical  manner,  bufc 
owing  to  the  small  amount  of  the  annual  appropriations,  which  do  not 
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admit  of  a  full  season's  work,  it  will  probably  cost  more  than  the  origi- 
Dal  estimates,  which  contemplated  that  work  would  be  carried  on  con- 
tinuously during  the  low-water  season,  when  it  could  be  done  to  the 
best  advantage. 

As  heretofore,  the  work  has  been  done  by  hired  labor.  The  contract 
system  has  been  thoroughly  tested  on  tins  imj)roveinent  and  proved  an 
ntter  failure,  as  I  believe  it  has  been  and  always  will  be  on  all  similar 
works. 

The  working  season  of  1879  commenced  on  the  14tb  day  of  August, 
and  ended  on  the  ISth  day  of  December,  when  it  was  interrupt^  by 
high-water,  an  average  force  of  eighty-live  men  being  einplo^'ed  during 
that  period. 

The  ai)i)ro])riation  for  1880  not  being  available  before  the  end  of  th« 
fiscal  year,  and  there  beingonlj'^  a  small  balance  of  the  former  a] »pro|)ria- 
tion  on  hand,  the  work  has  not  been  resumed  this  season,  but  it  is  ho])cd 
that  we  may  still  be  able  to  put  on  a  force  in  time  to  accomplish  consid- 
erable work  Ix^fore  the  end  of  the  low-water  season. 

The  a])propriation  of  June  14,  1880,  will  probably  be  sufficient  to  com- 
plete*all  tliat  it  is  necessary  to  do  at  Chota,  Coulter's,  and  oue  or  two  other 
shoals  between  Knoxville  and  Loudon,  aTid  make  some  repairs  at  Half 
Moon  Island  and  a  few  other  points  where  the  floods  have  caused  some 
damage  to  the  dams. 

As  stated  in  former  reports,  the  improvements  are  not  only  remarka- 
bly successful  in  accomplishing  the  object  in  view,  but  from  the  excejv 
tionally  ])ermanent  nature  of  the  river  bed  and  fro  n  the  fa<»t  that  the 
dams  are  made  almost  entirely  of  stone,  the  work  will  last  for  many  years 
with  but  slight  expense  for  rei)airs. 

The  estimate  for  next  year  is  for  continuing  the  improvement  of  the 
river  below  Knoxville,  where  there  are  a  number  of  shoals  that  have 
not  been  worked  on,  but  which  must  be  improved  in  order  that  the  in- 
creased depth  of  channel  already  provided  at  most  of  the  shoals  can  be 
fully  utilized. 

The  river-gauge  established  at  (Chattanooga  in  1874  is  now  read  1>t 
the  signal  observer  at  this  i)lace,  Mr.  13.  L.  Goulding,  who  furnishes  a 
copy  of  the  record  for  this  ollice,  and  while  i)arties  are  working  in  the 
river  at  Muscrle  Shoals  he  sends  a  daily  report  to  each  assistant  engi- 
neer, which  is  valuable  in  warning  them  of  sudden  rises. 

By  taking  an  average  of  the  daily  records  for  the  last  six  years,  it  is 
found  that  there  are  in  each  year — 

About  100  davH  wlioii  the  river  ia  above  8  feet. 
About  160  (la.V8  wbeii  the  river  is  above  i\  feet. 
About  *J20  <hiVH  when  the  river  is  al)ovo  4  feet. 

■ 

About  '.V.iiy  da.vs  when  t\ui  river  is  above  2  feet. 

In  Other  words,  the  last  figures  given  show  that  there  are  only  forty 
days  in  a  year  when  the  river  is  within  2  feet  of  low-water  mark.  There 
are  only  ninety-five  days  in  a  year  when  it  falls  Indow  3  feet.  The  jHriod 
of  highest  water  is  in  March  an<l  of  lowest  in  Octol)er.  Some  of  oar 
principal  ncnthern  water  routes  are  absolutely  closed  by  ice  for  a  much 
longer  ]>eriod  than  the  Tennessee  Kiver  is  below  3  feet  ar  Chattanoo^'^ 
The  Erie  ('anal,  for  example,  in  an  average  of  twenty-four  years,  waa 
dosed  one  hundred  and  forty-six  days  aniuuilly,  or  almost  exactly  the 
number  of  days  that  the  Tennessee  is  below  4  feet.  This  shows  not  only 
the  great  advantages  of  this  river  for  i)ui'])oses  of  navi«yationy  but  the 
comparatively  short  time  available  for  channel  work. 


APPENDIX   V.  1671 

The  amount  of  commerce  on  the  river  daring  the  year  is  indicated  by 
the  following  figures  relating  to  the  lauding  at  Chattanooga : 

Nnmber  of  steamboats  runniDg HtoO 

Knmber  of  laiidiogH  made  at  Chattanooga 553 

Number  of  flat-boats  ,.   : 308 

Pig-iron •. tons..  2,540 

Iron  ore tons . .  17, 677 

Coal bushels-.  l,00l,H79 

Liniet«tone tons . .  10,  ^*4^ 

Lumber^  including  poplar,  pine,  gum^  oak,  and  walnut feet. .  6, 000, 000 

Grain buHhels..  592,500 

Cotton : bales..  990 

The  estimate  for  improving  this  portion  of  the  river  was  $225,000,  of  which  hav« 
Ibeen  appropriated  $;£01,500  and  expended  $191,258.71. 

Money  statement 

Jnly  1,  1>*79,  amount  available $11,508  23 

Jimount  appropriated  by  act  approved  June  14,  1880 10, 000  00 

$21, 508  23 

Jnly  1,  1830,  amount  expended  dnriug  fiscal  year 11, 266  94 

July  1,  1880,  outstanding  liabilities 241  29 

11, 508  23 

July  1,  1880,  amount  available 10,000  00 

Amonnt  (estimated)  required  for  completion  of  existing  project 2:<,  500  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     23, 500  Of 

n. — ^BELOW  CHATTANOOaA. 

At  the  beginning  of  the  fiscal  year  this  work  had  reached  a  point 
where  the  vexatious  delays  of  contractors  had  nearly  ceased  to  hamper 
it,  and  it  was,  for  the  first  time,  making  really  satisfactory  progress, 
with  a  fair  prospect  of  being  sj)eedily  completed.  A  heavy  and  unex- 
pected reduction  of  the  available  funds,  however,  made  it  necessary  to 
begin  immediate  retrenchment  of  the  monthly  expenditures,  which  were 
gradually  reduced  until  the  1st  of  January,  when  the  working  force  had 
been  reduced  about  two- thirds  and  failing  to  get  the  special  appropriation 
asked  for  to  continue  the  work,  the  force  was  still  further  cut  down,  until 
on  the  1st  of  May  it  h^ul  been  reduced  from  1,872  to  167  laborers  and 
mechanics.  It  is  unnecessary  to  dwell  upon  the  serious  injury  to  the 
work  resulting  from  the  disbandment  of  so  large  a  force  of  skilled 
laborers,  many  of  whom  had  come  hundreds  of  miles  to  secure  employ- 
ment, and  all  had  become  more  or  less  adapted  to  the  special  work  be- 
fore them.  Nevertheless,  the  season  was  a  favorable  one,  and  a  con- 
siderable amount  of  valuable  work  was  accomplished,  as  will  appear 
from  the  following  details: 

1. — ^ELK  BIVER  DIVISION. 

The  channel  excavation  opposite  Brown's  Island  was  continue  d  until 
the  2lst  of  October,  when  the  small  remaining  force  was  rem  )ve<l  to 
the  quarries  at  ami  below  Milton's  Bluff,  where  it  was  employed  in 
quarrying  stone  and  completing  and  extending  the  retaining  dan  around 
Milton's  Bluff,  and  eastward  towards  the  lower  end  of  Brown'..  Island. 

11,246  cnbic  yards  of  rock  wu'e  blasted  and  removed  from  channel. 
4,516  cubic  yards  of  rock  quarried. 
7,766  cubic  yards  of  rock  put  in  dams. 

2,342  cubic  yards  of  earth  were  stripped  from  the  quarries  and  placed  in  the  dami 
%t  such  points  as  an  earthen  filling  "was  required. 
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The  dams  were  substantially  built,  and  have  safely  withstood  the 
heavy  floods  of  the  last  winter. 

A  suitable  quarry  for  dimension  stones  for  the  locks  was  hunted  up 
and  opened  so  far  as  to  demonstrate  that  the  stone  was  of  an  excelleut 
quality,  both  as  to  dbrability  and  ease  of  quarrying  and  cutting. 

It  is  hoped  that  the  present  season's  work  will  complete  the  channel 
excavation  and  so  far  extend  the  permanent  dam  that  the  temporary 
dam  can  be  removed,  and  the  fir^t  5  miles  of  this  shoal  will  become 
navigable,  so  that  all  our  supplies  may  be  boated  down  to  the  first  lock 
below  Milton's  Bluff. 

2. — BLOE  WATER  AND  SHOAL   CREEK  DIVISIONS. 

These  divisions  embrace  all  of  the  old  canal  around  Big  Muscle 
Shoals,  which  canal  is  being  enlarged  and  rebuilt. 

As  explained  in  former  reports,  this  old  canal  was  built  nearly  fifty 
years  ago  by  the  State  of  Alabama,  from  the  proceeds  of  the  sale  of 
400,000  acres  of  land  donated  for  that  purpose  by  the  general  govern- 
ment. Tlie  canal  was  never  completed  according  to  th,e  plans  devised 
by  the  board  of  public  works,  and  owing  to  certain  radical  defects  of 
construction  in  the  canal  itself,  as  well  as  the  neglect  to  extend  the 
im]>rovement  around  the  entire  obstruction,  the  canal  was  navigable 
only  at  high- water  stages  of  the  river,  and  soon  fell  into  disuse  and 

The  new  canal  will  be  from  70  to  120  feet  wide,  with  6  feet  of  water, 
and  will  pass  boats  60  feet  wide,  300  feet  long,  and  drawing  5  feet  of 
water. 

The  following  work  was  done  during  the  fiscal  year  by  hired  labor: 

8,717  cubic  yards  of  stone  quarried. 
5,297  cubic  yards  of  stone  cut  for  locks,  &c. 
Ai^iM  cubic  yards  of  cut-stoue  masonry  laid. 
259  cul»ic  yards  of  rock-face  masonry  laid. 
1,997.7  cubic  yai:ds  of  rubl)le  masonry  laid. 
JW,639  cubic  yards  of  earth  emi)ankment. 
32,296  cubic  ynrds  of  earth  excavation. 
5,078  cubic  yards  of  solid  rock  excavation. 
1,033  cubic  yards  of  old  masonry  removed. 
l,3.">r)  cubic  yards  of  protection  dams  built. 
3,()14  cubic  yards  of  riprai»  built. 
4.*i70  cubic  yards  8tri])i)iiig,  &c.,  at  quarries. 
192  cords  of  wood  cut. 

The  contractor,  Mr.  S.  N.  Kimball,  after  obtaining  a  modification  of 
his  contract  (May  IL*,  1870,  as  stated  in  last  re|)ort)  releasing  him  from 
building  2  of  the  5  locks  he  had  agreed  to  biiihl,  and  again  extending 
the  time  for  the  completion  of  the  othrrs,  transferred  liis  interest  to 
other  j)ai'ties  (in  violation  of  the  contract  and  law),  and  left  the  work. 
Mr.  J.  A.  Henry,  who  claimed  to  have  the  work  by  subcontract,  did 
some  little  work,  but  on  the  expiration  of  the  exten<led  ccnitract  time, 
there  being  no  i)ros]H'ct  tliat  the  work  would  i  e  completed  in  any  reason- 
able time,  the  contract  was,  on  my  recommendation,  annulled  by  the 
Secretary  of  War. 

The  following  work  was  done  under  this  contract  during  the  fiscal 
vear : 

17.2  cubic  vards  of  cut-stone  nmsonrv  laid. 

110.2  cubic  yards  of  rock-face  masonry  laid. 

819.1)  cubic  vards  of  rubble  masonry  laid. 

l,r)l().Hr»  cubic  yards  of  s()li<l  rock  excavation. 

1,857  cubic  yards  t»f  hard-pan  and  loose  rock  excavation. 

884^  cubic  yards  of  earth  excavation. 

804  cubic  vards  of  raasonrv  ot*  old  locks  removed. 
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3.— LITTLE  MUSCLE  SHOALS  DIVISION. 

The  series  of  coffer-dams  referred  to  in  last  report  was  extended 
nearly  1,800  feet  and  bj'  this  method  the  blasting  and  removal  of  rock 
from  tlie  channel  at  the  head  of  the  shoals  was  continued,  with  excellent 
results,  until  the  8th  of  December,  when  a  sudden  rise  in  the  river  put  a 
stop  to  the  season's  work,  just  as  the  excavation  in  the  area  covered  bj 
the  last  coffer-dam  was  well  under  way. 

The  following  quantities  of  work  were  performed  during  the  year:  • 

400  cubic  yanls  of  rock  quarricHl. 

1,799  cubic  yards  of  rock  put  in  damH. 

l,8(vt  cubic  yards  material  put  in  coffer-dams. 

14,44G  cubic  yards  of  solid  rock  excavated  fmm  cbanuel. 

417  cubic  yards  of  bowlders  removed  from  cbannel. 

This  work  is  not  only  done  rapidly  and  cheaply,  but  thoroughly,  the 
bottom  of  the  excavated  channel  being  made  so  smooth  that  it  will  not 
be  likely  to  silt  up,  and  there  is  no  danger  of  a  vessel  striking  project- 
ing points,  even  if  drawing  too  much  water. 

At  this  time,  July  12,  1880,  Mr.  Willard,  the  assistant  engineer  in 
charge  of  this  work,  has  just  succeeded  in  repairing  the  last  cofferdam, 
which  was  considerably  damaged  by  the  winter's  floods,  and  he  is  re- 
moving the  rock  at«  such  a  rate  as  to  make  it  morally  certain  that  the 
entire  channel  from  Florence  to  Bainbridge  will  be  open  within  six  weeks, 
thns  giving  water  transportation  up  to  the  lower  end  of  the  canal.  This 
will  greatly  facilitate  the  work,  as  the  canal  has  hitherto  been  accessible, 
at  ordinary  stages  of  the  water,  only  by  hauling  supplies  about  6  miles 
over  a  very  bad  road. 

The  present  condition  of  the  work  may  be  summarized  as  follows: 

1st.  There  has  been  completed  about  three-fourths  of  the  entire  canal 
trunk,  including  that  required  on  Elk  River  division. 

2d.  Over  one-half  of  the  lock  and  aqueduct  masonry  is  complete*!. 
The  lock-gates,  wickets,  waste- weirs,  and  aqueduct  trunk  Jiave  not  been 
commenced. 

M.  The  rock  excavation  and  stone  dams  at  Elk  River  are  about 
half  done,  while  those  at  Little  Muscle  Shoals  will  be  so  far  completed 
as  to  admit  the  passage  of  boats  before  the  1st  of  September. 

With  reference  to  cost,  the  work  will  be  two-thirds  completed  when 
the  available  funds  are  expended. 

The  entire  expen<liture  properly  chargeable  to  this  part  of  the  Muscle 
Shoals  improvement  has  been  $l,42S,:i58,  and  from  a  carefully  revised 
estimate,  I  am  satislied  that  with  $700,000,  in  addition  to  the  balance 
now  on  hand,  the  entire  Muscle  Shoals  obstruction  can  be  removed. 
This  is  far  withm  the  original  estimate,  and  can  only  be  realized  by  such 
annnal  appropriations  as  will  enable  the  work  to  be  prosecuted  economi- 
cally. 

At  Colbert  Shoals,  Duck  River  Shoals,  and  other  points  below  Florence 
no  work  has  been  done,  owing  to  the  fact  that  the  funds  were  so  low 
and  the  condition  of  the  work  such  as  to  ])revent  the  organizaticm  of 
si)ecial  parties  for  these  works,  or  the  detichmeut  of  any  jiart  of  the 
force  at  Little  Muscle  Shoals. 

Efforts  were  made,  as  yet  without  success,  to  obtain  information 
•  from  the  officers  of  customs  at  the  nearest  port  of  delivery  (Paducah); 
therefore,  statistics  bearing  upon  the  commerce  and  navigation  of  the 
Lower  Tennessee  are  meager.  Undoubtedly  there  is  considerable  river 
tra<le.  Three  steamboats  ply  to  and  from  Florence,  Ala.,  during  the 
winter  and  spring,  and  one  the  rest  of  the  year.    In  1879,  2,800  bales  of 
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cotton  were  shipped  to  market  by  river  from  Florence,  in  addition  to  m 
heavy  miscellaneous  freight. 

The  Tennessee  River  is  in  the  collection  district  of  New  Orleans. 

The  original  cost  of  improving  Tennessee  River  below  Chattanooga 

was $4, 13:?,  000  OD 

There  has  been  appropriated 1, 845, 500  00 

Expended,  as  previouslv  reported g..     1, 247, 187  96 

Expended,  fiscal  year  1879-^80.. 273,073  60 

Total  expended 1,520,261  56 

Money  statement 

Jnly  1,  1879,  amount  available $298,312  04 

▲mount  appropriated  by  act  approved  June  14,  1880 300, 000  00 

1598,312  04 

July  1, 1880,  amount  expended  during  fiscal  year 273, 073  60 

July  1,  1880,  outstanding  liabilities 14,190  20 

287,263  80 


July!,  1880,  amount  available 311,048  24 

Amount  (estimated)  reauired  for  completion  of  existing  project 2, 287, 500  00 

▲mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .      700, 000  Oi 


V   2. 

IMPROVEMENT  OF  CUMBERLAND  RIVER. 

During  the  fiscal  year  work  was  continued  at  various  obstructions, 
below  and  above  Nasliville,  when  the  stage  of  water  and  amount  of 
available  funds  permitted. 

I. — BELOW  NASHVILLE. 

Work  on  this  section  progressed  till  the  middle  of  December  and 
was  then  discontinued  by  reas(m  of  high-water  and  inclement  weather; 
Early  in  May  work  was  resumed  and  continued  without  interruption. 

The  amount  of  work  done  during  the  fiscal  year,  and  the  present  con- 
dition of  the  proposed  improvements,  as  reported  by  Capt.  L.  C.  Over- 
man, United  States  Engineers,  the  ofiicers  in  immediate  charge  of  the 
work,  are  as  follows  : 

1. — Harpeth  Shoals :  seven-eighths  finished. 

541  cubic  yards  of  rock  excavated  from  channel. 
280  cubic  yardH  of  p^ravei  excavattd  from  channel. 

6  snags  removed  from  channel. 
2,895  cnbic  yards  of  rock  (|narried. 
2,895  cnbic  yards  of  dams  built. 

*  This  obstruction,  formed  by  a  chain  of  five  shoals,  was,  a  few  years 
ago,  the  most  serious  obstacle  to  low-water  navigation  below  NashvillOi 
but  is  now  nearly  removed. 

2. — Palmyra  Island :  three  fifths  finished. 

7  snags  removed  from  chaimol. 
3,644  cnbic  yards  of  rock  quarried. 
2,510  cubic  yards  of  dama  built. 
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3. — Dover  Shoals :  seven-eighths  finished. 

5,165  onbio  yards  of  ^avel  taken  from  channel. 

9  snags  taken  from  channel. 
2,035  cubic  yards  of  rock  quarried. 
5,82^)  cubic  yards  of  dams  built. 

At  certain  points  the  banks  were  protected  by  riprap,  built  of  stone 
picked  up  aloag  shore. 

4. — Ingram  Shoals :  five-eighths  finished. 

30  cubic  yards  of  rock  removed  from  channel. 

90  cubic  yards  of  gravel  removed  from  channel. 

38  snags  removed  from  channel. 
4,957  cubic  yards  of  rock  quarried. 
7,939  cubic  yards  of  dams  built. 

5. — Race  Track  Shoals:  three-eightlis finished. 

73  snags  removed  from  channel. 
2,974  cubic  yards  of  rock  quarried. 

6. — Little  River  Shoals :  five-eighths  finished, 

3  snags  removed  from  channel. 
3,335  cubic  yardrt  of  rock  quarried. 
4,290  cubic  yards  of  dams  built. 

A  derrick-boat,  with  a  small  working  force,  was  employed  for  a  few 
days  in  June  removing  obstructions  from  the  channel  in  the  vicinity  of 
Canton  and  Eaee  Track  Reefs,  taking  out  56  snags,  88  cubic  yards  of 
rock,  and  cutting  down  34  overhanging  trees. 

Tlie  approi)riation  of  $20,000,  act  of  1880,  and  the  estimate  herewith 
for  1882,  are  nee<led  for  the  continuance  or  completion  of  the  improve- 
ments  above  named. 

An  increase  of  about  4  inches  in  the  minimum  depth  of  water  has 
been  gained  at  extreme  low-water  below  Nashville  by  these  unfinished 
improvements. 

The  origiual  estimate  of  cost  of  improving  Cumberland  River  below  Nashville  wa» 

f248,8-.>l. 

Total  amount  appropriated $205,000  00 

Total  amount  expended 178,270  81 

Money  statement. 

July  1,  1879,  amount  available $42,255  16 

Amount  appropriated  by  act  approved  June  14,  1H80 20, 000  00 

$62, 255  1« 

July  1,  1880,  amount  expended  during  fiscal  year 35, 525  97 

July  1,  1880,  outstanding  liabilities 2,768  08 

38,294  05 

July  1,  1880,  amount  available 23,961  11 

Amount  (estimated)  required  for  completion  of  existing  project 43, 8^1,  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     43, 821  00 

n. — ABOVE  NASHVILLE. 

SECTION  NASHVILLE  TO  KENTUCKY  LINE. 

Work  on  this  section  was  continued  from  July  1  to  March  1,  when  ac- 
tive operations  were  suspended  in  consequence  of  floods. 
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On  tlie  15tb  of  June  work  was  resumed  at  Simpson's  IslaDd  Shoals, by 
clearing  tbe  channel  of  the  heavy  drift  aecnniulated  during  the  winter. 
The  amount  of  work  done,  and  the  present  eoiulition  of  the  proposed 
t  improvements,  as  reported  by  Captain  Overman,  are  as  ibilovs: 


( 


4 


1. — Bartletfs  Bar :  three-fourths  finished. 


25fy  cubic  yards  Gravel  taken  from  channel. 
150  cubic  yards  aaiud  built. 


2. — Sand  Shoals:  seven-tentlis  finished. 


701  cubic  yards  rock  take  from  channel. 
;  305  cubic  yards  gravt-l  taken  from  chanuel. 

I  4  sna^  taken  from  ebauDel. 

1,007  cubic  yards  dams  built. 


3. — Indian  CreeJc  Shoals :  seven-tenths  finished. 


I  284  cubic  yards  rock  taken  from  channel'. 

I  905  cubic  yards  gravel  taken  from  channel. 

I  4  Hua^s  taken  from  channel. 

1,252  cubic  yards  rock  quarried. 

1,37U  cubic  yards  dams  built. 


• 


4. — Holliman^s  Island  Shoals:  seven-eighths  finished. 

695  cubic  yards  gravel  taken  from  channel. 
2  snagtt  tAken  from  channel. 
1,500  cubic  yards  of  rock  quarried. 
l,60d  cubic  yard?  dams  built. 

6. — Cub  CreeJc  Shoals :  seven-eighths  finished. 

2,565  cubic  yards  gravel  taken  from  channel. 
15  snags  taken  from  channel. 
470  cubic  yanls  rock  quarried. 
1,925  cubic  yards  cams  built. 

6. — Simpson's  Island  Shoals:  four  fifths  finished. 

2,256  cubic  yards  gravel  taken  from  bhannel. 

74  snags  taken  from  channel. 
1,101  cubic  yards  rock  quarried. 
1,032  cubic  yards  dams  built. 

A  derrick-boat,  employed  a  short  time  on  this  section,  removed  from 
the  channel  at  isolate<i  points  5*j3  snags,  logs,  and  overhanging  trees. 

The  appropriation  of  18H(),  for  this  section,  together  with  that  asked 
for  herein,  will  be  applied  to  continuing  the  work  at  the  above-named 
shoals,  and  beginning  the  inq)rovenient  of  Goose  Creek  Shoals,  Donald- 
son's Horse  Ford,  snagging  and  dredging  the  channel,  &c.,  where  mo8l 
needed. 

Money  statement. 

July  1,  1879,  amount  available $21,  «>(>4  07 

Aiuount  appropriated  by  act  approved  June  14,  IffSO 15, 000  00 

$36,664  07 

July  1,  1880,  amount  expended  during  fiscal  year 17, 523  03 

July  1,  1«80,  outstanding  liabilities 4t>7  12 

17, 990  15 

July  1,  1880,  amount  available 18,67.i9i 

Amount  (estimated)  required  for  completion  of  existing  project 54^  156  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18^2.     54, 15&  00 


• 
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SECTION  KENTUCKY  LINE  TO  SMITHES  SHOALS. 

The  only  work  doue  upon  this  section  during  tbe  fiscal  year  was  by 
means  of  a  snag-boat,  wLicb  worked  through  the  entire  section,  and  re- 
moved 50  cubic  yards  of  bowlders,  and  1,190  suags,  logs,  and  overhang- 
ing trees. 

This  section  extends  to  the  head  of  steamboat  navigation.  The  funds 
now  available,  together  with  the  estimate  herein,  should  be  ap|)lied  to 
the  improving  of  Wolf  Creek  Shoals  and  Wild  Goose  Shoals,  and  the 
snagging  and  dredging  of  the  channel.  The  former  is  three-fourths  and 
the  latter  is  one  fourth  finished. 

Money  statement, 

July  1,  1879,  amount  available |6, 003  49 

Amount  appropriated  by  act  approved  June  14,  1880 iO,  000  00 

$16, 003  49 

July  1,  1880,  amount  expended  during  fiscal  year 1, 774  50 

July  1,  1880,  amount  available 14,228  99 

Amount  (estimated)  req^uired  for  completion  of  existing  project 57, 609  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .     57, 609  00 

SECTION  smith's  SHOALS,   THREE-FOURTHS  FINISHED. 

Work  was  carried  on  during  the  fiscal  year  on  this  section  for  about 
four  and  a  half  months,  from  July  to  November,  when  the  work  wafl 
stopped  for  want  of  funds. 

The  Smith's  Shoals  obstructions,  especially  that  part  known  as  Long 
Shoals,  has  been  found  more  formidable  than  was  anticipated,  and  may 
require  some  change  of  plan  to  overcome  the  difficulties  encountered. 

While  at  low-water  a  person  may  walk  about  these  shoals  dry  shod, 
it  is  found  thjit  during  the  flood  stages  the  stream  becomes  a  torrent  of 
such  force  as  to  pick  up  large  stones  and  roll  them  along  as  a  small 
stream  does  pebbles.  The  dams  built  to  narrow  the  channel  have,  from 
this  cause,  been  seriously  damaged,  and  it  is  found  that  great  care  must 
be  tiiken  in  locating  the  dams  to  avoid  dangerous  waves  being  formed, 
which  swamp  boats  and  neutralize  the  benefit  of  the  additional  depth 
of  water  gained  by  them.  All  the  work  done  in  smoothing  the  bottom 
of  the  channel  is  without  question  advantageous,  and  the  dams  can 
doubtless  be  made  so  by  certain  modifications  suggested  by  past  ex- 
perience. A  careful  examination  of  the  dams  is  now  being  made,  with 
a  view  to  ascertaining  the  exact  cause  and  extent  of  damage  done  by 
last  winter's  flood,  and  the  best  means  of  overcoming  the  difficulties 
encountered. 

At  the  four  shoals  forming  this  obstruction,  the  following  work  was 
done  during  the  fiscal  year : 

10, 522  cubic  yards  solid  rock  excavated  "from  channel. 
5, 130  cubic  yanls  loose  rock  and  gravel  excavated  from  channel. 
4, 403  culuc  yards  rock  quarried. 
11,993  cn]>ic  yards  dams  built. 

610  cubic  yards  masonry  in  cement,  to  form  a  false  bottom  to  lengthen  slope. 
492  cubic  yards  concrete  (surfacing).  • 

Money  statement. 

July  1,  1879,  amount  available $22,443  03 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$42, 443  03 

July  1,  1880,  amount  expended  during  fiscal  year 22, 096  "38 

July  1,  1880,  outstanding  liaMlities 31  00 

22, 127  38 

July  1,  1880,  amount  available 20^^\&  ^ 
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Amount  (estimated)  required  for  oompletion  of  existing  project $10,000  00 

▲mount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     10, 000  00 

SECTION  smith's  SHOALS  TO  THE  FALLS  OF  THE  CUMBERLAND. 


'No  appropriation  lias  been  made  for  tbis  section  since  act  of  June  18. 
1878.  The  small  balance  available  has  been  expended  in  removing  24o 
cubic  yards  of  loose  rock,  &c.,  from  the  channel.  The  entire  work  on 
this  section  has  been  done  below  the  mouth  of  Laurel  Eiver,  and  con* 
fined  to  the  removal  of  the  wof st  obstructions. 

Money  statement 

July  1, 1879,  amount  available $373  11 

July  1,  18H0,  amount  expended  during  fiscal  year 373  11 

The  dams  and  rock  excavation  are  of  a  permanent  nature,  but  it  will 
require  a  small  annual  expenditure  beyond  the  estimates  for  repairs  and 
for  removing  snags  and  excavation  of  gravel,  &c.,  from  bars. 

Capt.  L.  C.  Overman  reports  in  regard  to  statistics  of  commerce  and 
navigation  as  follows : 

Accurate  statistics  regarding  the  commerce  of  the  Cumberland  River  are  difiScult  to 
•btain,  being  meager  and  irregular. 

There  are  in  all  about  sixteen  steamers  engaged  in  commerce  on  the  Cumberland 
River,  averaging  about  300  tons  each.  These  steamers  run  between  Nashville,  Tenn., 
and  the  various  cities  and  towns  on  the  Cumberland,  Teunessee,  Mississippi,  and  Ohio 
Rivers  and  their  tributaries.  During  high-water  the  smaller  of  these  steamers  alao 
Ascend  the  Caney  Fork  aiid  Obey's  River  oranches  of  the  Cumberland  River. 

The  total  of  products  brought  to  and  from  Nashville  annually  is  about  as  follows: 
Tobaccx),  $1,500,(K)0:  cotton,  $600,000;  iron  trade,  $1,600,000;  coru,  $1,250,000;  lum- 
ber, $800,000 ;  coal,  $100,000;  wheat,  $60,000;  oats,  $70,000;  salt,  $75,000;  Buudiie& 
$500,000. 

The  entire  valley  of  the  Cumberland  River  will  be  largely  benefited  by  the  Improvfr- 
ment  of  the  river,  as  railroads  cross  the  river  at  but  few  points,  and  as  a  rule  are  too 
distant  from  the  immediate  lands  along  the  river  to  render  transportation  cheap.  Tho 
coal  of  the  upper  liver  and  the  iron  of  the  lower  river  depend  almost  entirely  upon 
the  river  for.  a  means  of  getting  to  market,  and  with  the  improvement  of  the  river  % 
corresponding  improvement  in  the  trade  in  these  articles  will  follow.  The  lumber 
tra<Ie  is  increasing  rapidly  each  year. 

This  work  is  in  the  collection  district  of  New  Orleans. 

The  estimate  of  cost  of  improving  the  Cumberland  River,  above  Nashville,  was 
♦283,764. 

The  whole  amount  appropriated  for  and  expended  on  the  sections  specified  is  as  fol- 
lows: 


Nashville  to  Kentucky  line     

Kentucky  line  to  Smith's  Shoals 

Smith's  Shoals   

Smith's  Shuals  to  Falls  of  the  Cumberland . 


Total 


Appropriated. 


Expended. 


$68,000  00 
34,  000  00 
90,000  00 


$48,&'>8  M 
19, 771  01 
69.658  35 


4, 000  00  j        4. 000  00 


196, 000  00  I     142,  :»3 


V  3. 

IMPROVEMENT  OV  THE  HIAWASSEE  RIVER,  TENNESSEE. 

.  There  being  no  fuiids  available  for  this  work  at  tlie  beginning  of  the 
fiscal  year^  active  operations  were  not  resumed  until  August,  when  the 
appropriation  of  March  3,  1879,  was  made  available. 

Operations  were  directed  towards  the  completion  of  the  improvements 
mt  Matthew's  Shoals,  Magill's  Island,  and  Cauefield  Beef. 
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The  appropriation  being  a  small  one,  only  $3,000,  it  was  so  nearly 
exhausted  that  it  became  necessary  to  suspend  operations  in  October, 
when  the  boats  and  tools  were  laid  up  under  charge  of  watchmen,  and 
60  remained  at  the  end  of  the  fiscal  year. 

The  following  quantities  of  work  were  done  during  the  season : 

Earth  stripping  from  qnarries 213  cnbio  ^ardt^ 

Hock  quarried 581  cubic  yard t* 

Rock  blasted  from  channel 98  cubic  yardt* 

Rock  placed  in  dams  and  riprap 656  cubic  yards. 

Gravel  excavated  from  channel 59  cubic  yarda. 

Brush  placed  in  dams • 42  cords. 

The  work  has  been  carried  on  by  hired  labor. 

The  improvement  of  this  river  was  begun  in  1877,  and  consists  in 
aecuring  additional  depth  of  channel  at  shoal  places  by  excavation  and 
by  narrowiig  the  water-way. 

The  original  examination  and  project  for  this  improvement  \ias  made 
in  1874,  and  the  estimate  of  cost  then  made  was  $20,000. 

As  stated  in  my  last  annual  report,  this  amount  will  not  be  sufficient 
by  at  least  $10,000  to  complete  the  work  as  far  as  Savannah  Ford,  for 
the  reasons  that  the  woik  is  being  done  in  the  most  thorough  and  sub- 
stantial manner,  and  that  some  of  the  rock  excavation  proves  to  be  ex- 
ceptionally difficult. 

The  work  is  now  essentially  completed  as  far  up  as  Charleston,  and 
the  present  appropriation  (1880)  and  i  hat  asked  for  in  the  estimate  here- 
with are  needed  for  extending  the  Improvement  above  Charleston  towards 
Savannah  Ford. 

The  navigation  of  this  river  has  been  greatly  improved  by  the  work 
already  done,  and  the  amount  of  commerce  has  been  correspondingly 
increased. 

Estimates  for  improving  Hiawassee  River $30,000  00 

Amount  approy^riated 26, 000  00 

Amount  expended 22.966  80 

Money  statement, 

July  1,  1879,  amount  available $3,035  92 

Amount  appropriated  by  act  approved  June  14,  1880 3, 000  00 

$6, 035  W 

July  1, 1880,  amount  expended  during  Hscal  year 3, 002  72 

July  1, 18ti0,  outstanding  liabilities 33  20 

3,035  92 

July  1,1880,  amount  available 3,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 4, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 18v'*2.     4, 000  00 


V4. 

IMPROVEMENT  OF  FRENCH  BROAD  RIVER,  TENNESSEE. 

A  n  appropriation  of  $  10,000  was  made  for  im  proving  this  river  '^  between 
Xnoxville  and  the  mouth  of  Big  Creek,"  act  of  June  14, 1880  (Knoxville 
is,  strictly  speaking,  4^  miles  below  the  mouth  of  the  French  Broad),  but 
the  funds  not  being  available  until  itfter  the  1st  of  July,  no  work  was 
done  during  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  proposed  to  begin  work 
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at  once  by  organizing  a  force  and  removing  the  more  troublesome  snags, 
bowlders,  and  other  obstmctions  along  the  river  from  its  month  to 
Leadvale,  or  as  much  of  it  as  can  be  done  during  the  balance  of  the  low- 
water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations  and  blasting  rock  from  the  channel,  building  wing-dams,  &c., 
to  slecure  a  ]>ermanent  increase  of  depth  to  the  channel. 

No  statistics  as  to  the  amount  of  benefit  to  commerce  to  be  expected 
from  this  improvement  have  been  procured,  other  than  those  given  in 
the  reports  of  the  original  examinations  of  this  river.  (See  reports  of 
Chief  of  Engineers,  1871,  pp.  491  to  494;  1876,  pp.  718  to  722.) 

The  French  Broad  River,  in  Tennessee,  extends  from  Paint  Bock 
(Sta/te  line)  to  its  mouth,  4J  miles  above  Knoxville. 

From  Paint  Rock  to  Leadvale,  a  distance  of  31  miles,  no  estimate  of 
cost  of  improvement  has  been  made,  for  the  reasons  given  by  Maj.  Walter 
McFarland.    (See  Report  Chief  of  Engineers,  1876,  p.  719.) 

No  estimate  has  been  submitted  for  improving  the  river  between 
Leadvale  and  Dandridge,  distance  about  20  miles,  having  nine  princi- 
pal obstructions. 

Ori^nal  estimate  of  cost  from  Dandridge  to  month  of  river,  $150,000.    (See  Report 
•f  Chief  of  Engineers,  1871,  p.  494.)    Amount  appropriated,  $10,000. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1880 f  10, 000  00 

July  1, 1880,  amount  available 10,00<»  00 

Amount  (estimated)  required  for  completion  of  existing  project   140, 000  00 

Amount  that  ean  be  prohtably  expended  in  Hscal  year  ending  J  uue  30, 1882 . .     10, 000  00 


V  5. 

IMPROVEMENT  OF  CLINCH  RIVER,  TENNESSEE. 

An  appropriation  of  $10,000  was  made,  act  of  June  14,  1880,  for  im- 
proving? this  river,  of  which  sum,  $6,000  shall  be  expended  above  and 
$4,000  below  Hayues,  but  the  funds  not  being  av^ailable  until  after  the 
1st  July,  no  work  was  done  during  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  i)roposed  to  begin  work 
at  once  by  organizing  a  force  and  reuioving  the  niore  troublesome  snags, 
bowlders,  and  other  obstructions  along  the  river,  between  the  head  of 
navigation  and  Kingston,  or  as  much  of  it  as  can  be  done  during  the 
balance  of  the  low- water  season. 

The  amount  herein  estiiuated  for  will  be  needed  for  continuing  these 
operations,  and  blastuig  rock  from  the  channel,  building  wing-dams,  &c., 
to  secure  a  i)ermanent  increase  of  dei)th  to  the  channel. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benetits  to  be  expected  therefrom 
(see  report  of  Chief  of  Engineers,  1870,  pp.  741  to  745). 

The  original  estimate  for  iniprovinj^  the  Clinch  River  in  TennesHoe,  from  the  boundary 
Une  between  Virginia  and  Tennessee,  distance  2:30  miles,  was  Jiji26,4()0,  amount  appro- 
priated $10,000. 

Money  statement. 

Amount  ai>propriated  by  act  approved  .June  14,  l^SO ^10, 000  00 

July  1,  l^^O,  amount  available 10,0<iO  00 

Amount  (estimated)  required  for  completion  of  existing  project 16,400  00 

Amount  that  can  be  profitably  ex\HM\diid iu  Hacal  year  ending  June  30, 1882  .  10, 000  00 
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V  6. 

IMPROVEMENT  OF  DUCK  EIVER,  TENNESSEE. 

An  appropriation  of  $7,000  was  made  for  improving  this  river,  act  of 
June  14, 1880,  but  the  funds  not  being  available  until  after  the  1st  of 
July,  no  work  was  done  during  the  fiscal  year. 

The  money  now  (July  20)  being  available,  it  is  proposed  to  begin  work 
at  once  by  organizing  a  force  and  removing  the  more  troublesome  snags^ 
bowlders,  and  other  obstructions  along  the  river  below  Centerville,  or 
as  much  of  it  as  can  be  done  during  the  balance  of  the  low-water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations,  and  blasting  rock  from  the  channel,  building  wing-dams,  &G,y 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

Original  estimate  of  cost  of  improving  Dack  River,  Tennessee,  was  $35,118;  amount 
appropriated  $7,000. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefrom 
(see  report  of  Chief  of  Engineers,  1880). 

Money  statement. 

Amount  appropriated  by  act  approved  June  14,  1880 |7, 000  00 

July  1,  1880,  amount  available •   7,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 28, 118  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 ...  10, 000  00 


EXAMINATION  OF    DUCK  BIVEE   FROM  ITS   MOUTH    TO  OENTEBVILLB, 

TENNESSEE. 

United  States  Engineeb  Office, 
Chattanooga^  Tenn.,  November  22, 1879. 

Genebal  :  I  have  the  honor  to  submit  herewith  a  report  on  an  ex- 
amination of  Duck  River,  made  in  compliance  with  your  letter  of  instruc- 
tion of  the  25th  of  April,  1879. 

Assistant  Engineer  D.  L.  Sublett  was  detailed  to  make  the  examina- 
tion, and  his  report,  which  is  appended  hereto,  shows  that  an  expendi- 
ture of  $35,000  will  make  this  stream  navigable  for  half  the  year,  which 
will  answer  all  purposes  of  navigation.  At  extreme  low  stages  there 
is'  not  enough  water  to  fill  a  channel  of  sufficient  size  to  float  steamers, 
and  low-water  navigation  cannot  therefore  be  provided  for  without 
resorting  to  locks  and  dams,  at  a  cost  far  in  excess  of  what  the  needs  of 
commerce  would  justify. 

The  obstructions  generally  consist  of  rock  reefs,  gravel  bars,  and  snags, 
of  the  same  general  character  as  those  in  most  of  the  streams  in  this 
region,  and  the  proposed  improvements  consist  of  rock  aud  gravel  ex- 
cavation, building  wing-dams,  and  removing  snags  and  overhanging 
trees.  The  improvement  once  completed  wiU  be  comparatively  perma- 
nent, and  will  require  but  little  expense  in  the  way  of  repairs  for  a  num- 
ber of  years. 

In  the  year  1846  the  State  of  Tennessee  chartered  a  company  styled 
the  "Duck  River  Slackwater  I^avigation  Company,''  giving  this  com- 
pany "  the  exclusive  right  for  fifty  years  from  January  15,  1846,  to 

106  e 
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navigate  Duck  Eiver  with  steamboats,  barges,  and  keels.''  Under  this 
charter  work  was  commenced  below  Golambia,  Tenn.,  and  one  or  more 
locks  were  partially  completed.  As  the  rights  of  this  company,  if  still 
in  existence,  might  be  bronght  in  question,  in  case  the  government 
should  undertake  to  improve  the  river,  I  addressed  a  letter  to  Oov- 
emor  Mai^s,  asking  information  on  the  subject,  and  in  reply  received 
a  letter  forwarded  from  Hon.  W.  0.  Whitthome,  stating  that — 

The  Dack  River  Slackwater  Navigation  Company,  in  a  suit  against  the  company  by 
a  part  of  its  stockholders,  was  perpetually  enjoined  from  the  prosecution  of  ito  wc^k, 
dec. /in  December,  1853,  by  the  chancery  court  at  Columbia,  Tenn.  Since  then  no 
other  company  has  attempted  to  revive  the  enterprise  in  any  shape. 

The  terms  of  the  charter  required  that  the  work  should  be  completed 
within  twenty  years,  which  was  afterwards  extended  to  twenty-five 
years.  The  charter,  therefore,  expired  by  limitation  in  1871,  unless  it 
has  been  renewed  at  some  time  since  1848.  I  cannot  learn  certainly 
whether  this  has  been  done,  but  presume  it  has  not;  and  it  is  not  prob- 
able that  any  trouble  can  arise  from  the  aforesaid  company;  but  if  the 
State  of  Tennessee  claims  the  right  to  grant  the  exclusive  privilege  of 
navigating  Duck  River  to  private  parties,  it  would  seem  proper  that  the 
United  States  should  require  some  assurance  that  this  right  will  not  be 
exercised  before  expending  money  for  improving  that  river.  I  would 
therefore  suggest  that,  if  an  appropriation  is  made,  it  be  "provided  that 
before  any  of  this  money  be  expended  the  State  of  Tennessee  shall  re- 
linquish all  right  and  control  over  the  navigation  of  said  Duck  Jiiver 
below  Oenterville,  Tenn.,  and  shall  guarantee  that  no  claim  shall  be 
brought  against  the  United  States  in  consequence  of  any  franchise 
granted  by  said  State.'' 

The  maps  pertaining  to  this  examination,  which  consist  of  one  general 
map  of  the  river  from  Centerville  to  the  Tennessee  River  and  thirty- 
eight  detailed  sketches  of  the  principal  obstructions,  showing  the  loca- 
tions of  the  proposed  improvements,  will  be  forwarded  as  soon  as  they 
are  copied. 

This  river  is  in  the  collection  district  of  New  Orleans,  and  the  nearest  port  of  deliv- 
ery, by  water,  is  Paducah,  Ky. 

The  probable  advantages  to  be  derived  by  the  improvement  are  set 
forth  in  Mr.  Sublett's  report  herewith. 

Very  respectfully,  your  obedient  servant, 

W.  R.  King, 

Major  of  Engineers, 
The  Chief  of  Engineers,  U.  S.  A. 


REPORT  OF  MR.   D.   L.   8UBLETT,   ASSISTANT  ENGINEER. 

Chattanooga,  Tknn.,  October  11, 1879. 

Major:  I  would  re8t)ectfully  present  herewith  my  report  on  the  examination  of 
Dnck  River  from  Centerville,  Hickman  County,  Tennessee,  to  its  confluence  with  the 
Tennessee  River,  about  14^  miles  above  .Jobnuonville. 

In  obedience  to  orders  received  AuguHt  27, 1  left  Elk  River  Shoals,  Alabama,  on  the 
28th,  and  proceeded  to  Columbia,  Tenn.,  arriving  on  the  '29th.  This  is  the  nearest 
point  by  rail  to  Centerville,  distance  about  33  niiles  by  land  and  55  by  Dock  River. 
Soon  after  reaching  Columbia,  a  heavy  ruin  began  and  continned  for  two  days. 
Learning  that  no  boats  c  uld  be  obtaine<l  at  Centerville,  two  were  hired  at  Columbia. 
I  proceeded  down  Duck  River  to  Centerville,  arriving  there  on  the  evening  of  the  4th 
September,  the  river  being  about  S  feet  above  low-water.  On  Monday,  the  8th,  the 
river  having  fallen  to  2  feet  above  low-water,  operations  were  begun.  Haying  pro- 
cured here  a  pilot  familiar  with  the  river,  the  examination  was  continued  without 
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Intemiption  to  TflDneMee  River,  autl  was  completed  on  llie  22il,  when,  in  acuonlanoe 
with  injrtmotions,  1  proceeded  to  Johnaou villa,  and  thenoe  by  mil  to  ChattanooRa. 

The  folloirlng  are  the  results  of  the  examination:  Ceatervillc,  the  highest  point  to 
which  steamboata  have  siiccessfullf  aaccnded,  ia  aituated  near  the  western  edge  of  the 
blue  grass  section  of  Middle  TenneBsue,  and  is  by  actnal  raoaaiirement  made  b;  the 
engineer  of  the  Duck  River  Slaoliwater  Navigation  Company,  67  milest^m  the  Tennes- 
He  Biver.  In  the  winter  of  I877-'7H,  the  steamer  Sluelds  made  two  succeuful  trips  to 
Centerville,  and  also  the  steamer  Maiy  Clese  made  a  trip  about  1375.  Both  ateatners, 
liowevcr,  were  damage<l  b;  overhanging  trees  and  snags,  and  fiiilher  attempts  were 
ftbandotied.  Thon([h  successful  in  a  [leouniary  point  of  view,  the  risk  was  considRred 
too  great.  Diiuk  River  was  regnlarty  navigated  a  few  ynars  hark  by  flat-hoats  carry- 
ing !)!00  taaa  at  pig-irou.  When  the  Xtna  t^maoe  was  operated,  about  2,000  tobs  of 
pig-iron  went  anoitally  abipped,  iintU  the  auspeuaion  of  oiteratiuim  by  the  deprewton 
ID  the  iron  trade.  Steamboata  have  frequently  run  an  high  ae  the  Haekle  Shoals 
abont  35  miles  fh»n  the  month.  Tliis  ia  the  most  furmldnble  olislniotiaa  on  the  river. 
The  steamer  Shields  was  135  feet  lone,  SB  feet  wide,  anit  ^revr  IB  ini'heB  light,  aad  bad 
»  oapaoity  of  aoO  tons.  1  was  nnable  to  obtain  the  dinieuaions  of  the  Mury  Cleae. 
Frivute  eSorlm  are  now  beinjc  made  to  bnikl  a  Itoat  esitecially  tor  the  Unok  Biver  trade 
by  some  of  the  citizens. 

The  oharaoter  of  the  ohstmctions  fonnd  on  Dnek  River  consiste  almoet  entirety  of 
abort  gravel  bars  or  ridges,  with  interveninK  pools  of  deep  n^ater  from  a  qnarter  nf  a 
Hdle  to  4  miles  long  (the  wat«r  in  the  peols  being  generally  from  4  to  lU  feet  deep). 
OTerhangiug  trfes,  snugs,  toga,  and  trees  lodged  to  the  obannel,  which  latter  oh- 
stracting  the  river,  canse  a  division  if  the  water.  The  removal  of  these  latter  ob- 
structions and  conftntng  the  river  to  a  mngle  cbannel  by  means  of  riprap  dnms  will,  it 
is  believed,  proeore  from  3^  to  'ti  feet  of  water  dnring  tbe  boating  season.  Few  of  the 
ban  have  less  than  I  foot  of  water  at  eslreme  low-»"-  — 


ordinary  wiut«r  tiile  was  from  8  to  3  feet  above  low-water,  which  would  give  v  ___ 
the  improvements  contemplated  ample  water  for  4  to  6  months'  navigation.  Thero  it 
bnt  one  rock  shoal,  namely,  "Bine  Rock,"  and  this  presenta  no  serioiu  obstacles  to 
naTigation.  Batimatea  for  4  to  6  months'  navigation  were  made,  the  volnme  of  water 
not  being  anfflcient  for  low-water  navigation  without  locke  and  dama.  From  Oenter- 
villd  to  near  ita  month  Dnck  River  is  nnifi-rmly  bounded  by  a  rook  bluff  on  one  side 
aod  rich  alluvial  bottoma  on  the  other,  alternating  and  changing,  however,  at  each 
bend  of  tbe  river.  The  baiika  are  fruni  lU  to  25  fe«t  high,  and  on  the  blntf  side  from 
100  to  800  feet  hieb.  There  is  no  instance  where  extensive  bottoms  or  bln^  oeonr 
on  both  sides  at  the  same  time.  The  bliiQs  cooaiat  of  anbcarhouiferoiis  limestone  and 
thick  strata  of  a  dark  silicions  rock,  whioh  is  finely  displayed  at  the  "  Orandfathers 
and  OraadiDothers"  bnildings  in  cliffa  from  150  to2t>l)  feet  high.  The  prevailing  rock 
in  Humphreys  County  la  sandstone,  susceptible  i^  high  polish.  The  banks  are  of  a 
light  allavial  nature,  with  a  aubstratum  of  gravel  near  the  water's  edge  about  2  feet 
thick  ;  the  bottoms  are  broad,  exceedingl.v  fertile,  and  highly  cultivated.  The  valleys 
of  Plus  River,  Beaver  Dam,  Little  Piney,  Sugar,  Hurricane,  and  Bine  oreeks  also 
contain  largo  areas  of  magnificent  bottoms,  which  readily  command  from  $25  to  $50 

g!t  noie.  Big  Bottom,  which  extends  some  15  or  30  miles  above  the  month  of  Duek 
tver,  eontaina  about  17,000  acres.  The  time  allowed  being  brief,  surveys  were  only 
made  at  points  requiring  improvement,  tbe  distance  being  measured  by  a  transit  with 
Irtadia  wires,  and  rati  ascertained  with  the  same  iuatniment.  The  distances  lietween 
localities  are  closely  approximate,  and  were  corrected  &om  time  to  time  by  mile  sta- 
tions established  by  Mr.  Drury,  the  engineer  who  surveyed  the  river  for  the  "  Duok 
Kver  Blackwater  Navigation  Company."  The  fall  from  Columbia,  aa  ascertained  by 
Ur.  Drury,  was  21^  feet  and  the  distance  IS5  milea,  or  1.70  feet  per  mile.  Iligh-watei- 
on  the  Tennessee  River  at  Powter'a  Landing  is  363  feet  above  tide  or  4J.31  feet  aliove 
water  surface  on  September  23,  and  tiigh-water  at  Columbia  is  571  feet  above  tide ; 
this  would  give  for  the  fall  from  Columbia  209  feet.  The  fall  is  ver^  evenly  distributed, 
the  greatest  being  at  Johnson  Shoal,  wtiich  is  5.29  feet  in  5,580  feet,  taken  when  the 
water  was  seven-tenths  above  low-water.  High-water  was  ii.wertnined  to  be  at  Cen- 
ttTTille  '28  feet  at  the  bridge  above  low-water;  at  Nick's  Ferry,  where  the  river  was 
narrow,  approximately  32  Feet.  At  Haney's  Point  it  wasacc:iirutely  ascertained  to  be 
34.20  tbet,  being  back  water  fi'om  the  Tenuessee  River,  b  miles  distant.  At  Powter'a 
Landing,  on  the  Tennessee  River,  it  was  found  to  be  43.itl  feet  above  wat^r  surface 
Septetnber  22,  or  approximately  45  feet  above  low-water.  The  Tennessee  backs  water 
to  Hurrieaue  Creek,  on  Duck  River,  about  19  miles.  A  short  distaiioe  below  Center- 
ville, near  Pace's  Island,  at  a  point  moat  favorable  for  the  purpose,  oross-seetions  were 
taken  every  10  feet,  and  the  volume  of  water  ascertained  to  l>e  at  approximate  mean 
rotocity  1,270  cubic  foet  per  second,  the  river  being  2  feet  above  low-water ;  cross- 
mations  and  vdocity  were  also  taken  below  the  moutti  of  Pine  River  and  Beaver  Dam 
Cneek,  and  volume  of  water  was  found  to  be  at  mean  velocity  1,167  cnbio  feet  per 
second,  the  river  being  1  foot  above  low-water.    A  tabulated  Etat«ment  is  snbmilled 
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herewith,  showing  the  nature  of  the  improvement  required  at  each  obstraotion,  with 
the  length  and  fall,  &c.    The  following  is  the  estimated  cost  of  improving  the  river: 

2,700  cubic  yards  riprap  for  banks,  at  $1.50 $4,050 

7,034  cubic  yards  riprap  dam,  at  $2 14,068 

436  snags  and  roots,  at  ^3 1,308 

162  trees  in  channel,  at  $6 972 

127  cubic  yards  loose  rock  excavation,  at  $1 127 

50  cubic  yards  solid  rock  excavation,  at  $4 200 

3,400  cubic  yards  earth  excavation,  at  20  cents ., 680 

10,320  cubic  yards  gravel  excavation,  \  Iff  ^  ^f^'^  ^U^^"::-]  i    S 

300  (about)  overhanging  trees,  at  $1 ^ 300 

20  per  cent,  for  engineering  and  contingencies 5,853 

Total 35,118 

The  most  effective  means  of  closing  the  chutes  has  been  demonstrated  to  be  by  rock 
in  '^riprap,''  on  brush,  with  a  very  broad  base  and  sufidcientl^  l^igb  to  confine  all  the 
water  to  a  single  channel  at  ordinary  winter  tide.  One  rise  is  generally  sufficient  to 
make  the  dam  tight  with  leaves,  sand,  and  gravel  brought  down  by  the  river.  The 
leaning  trees  should  be  cut  in  winter  when  the  sap  is  down,  as  the  stumps  then  throw 
out  sprouts,  which  aiibrd  an  excellent  2)rotection  to  the  loose  soil ;  if  cut  in  the  sum- 
mer, the  stumps  die  and  leave  no  protection  to  the  banks. 

In  1848  a  charter  was  granted  to  the  Duck  River  Slackwater  Navigation  to  Improve 
the  river  to  Columbia  by  means  of  locks  and  dams.  One  lock  and  dam  was  built  near 
Columbia,  and  some  o2)en  channel  improvements  made  below  Centerville,  but  owing 
to  some  suits  instigated,  as  I  learned,  for  damages,  and  a  lack  of  confidence  by  the 
stockholders  in  those  having  control,  the  enterprise  was  abandoned. 

POPULATION,   RESOURCES,   ETC. 

The  population  of  Hickman  and  Humphreys  counties  in  1870  aggregated  20,000,  a 
great  portion  of  which  reside  in  the  valleys  of  Duck  and  Buffalo  rivers  and  their  trib 
utaries ;  they  are  remarkable  for  their  industrious,  economical,  and  law-abiding  hab- 
its ;  for  two  years  there'  was  no  inmat-e  in  the  jail  of  Hickman  County,  and  the  civil 
docket  is  so  small  that  lawyers  find  it  difficult  to  make  a  living.  The  following  sta- 
tistics are  from  the  report  of  the  commission  of  agriculture  for  the  State  of  Tennessee 
for  ltt72 : 

Hickman  County, 

Total  assessed  acreage,  359,551;  value $1,465,638- 

Total  value  of  taxable  property 1,494,307 

Humphreys  County, 

Total  assessed  acreage,  322,133;  value $1,225,508 

Town  lots 37,795 

Value  assessed  property  1,449,802 

Agricultural  productions, 

8,000  acres  peanuts. ..* bushels..  250,000 

9,95(5  acres  corn do 428,108 

5,168  acres  oats do 62,016 

876  acres  wheat do 131,040 

120  acres  rye - do 1,200 

144  acres  Irish  potatoes do....       7,200 

180  acres  sweet  i)otatocs do 12, 600 

279  acres  apples do....     27, 900 

216  acres  peaches do ... .     21, 000 

180  acres  sorghum gallons..        7,200 

2,829  acres  grasses. 

These  statistics  are  about  the  same  for  Hickman  County,  and  the  productions  are 
piiuci pally  raised  on  Duck  River  and  its  tributaries.  The  chief  market  for  the  people 
of  Hickman  County  is  Nashville,  by  means  of  wagons,  aud  is  distant  some  sixty  miles 
over  acomnion  dirt  road  aud  tjxceodingly  rough  country.  Still,  it  is  not  uncommon 
to  see  from  sixty-five  to  seveuty-live  wagons  on  the  road  to  Nashville,  and  the  same 
may  be  seen  in  Humphreys  County,  the  produce  being  hauled  to  the  Tennessee  River. 
Tiio  «jreat  staple  in  these  c»>uuties  is  ])eaiiuts,  now  worth  in  market  $1.15  per  bushel, 
and  in  1872  there  were  produced  in  these  counties  475,000  bushels. 
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Big  Bottom  alone  shipped  150,000  bnshels  of  com,  besides  many  hogs  and  largo  quan- 
tities of  hay.  The  average  expense  of  hanling  peanuts  to  market  is  23  cents  per 
bushel,  and  grain  cannot  be  raised  for  market,  as  the  cost  of  transportation  oats  up 
the  profits.  The  ffreat  future  wealth  of  these  counties,  however,  is  the  immense  iron- 
ore  deposits,  which  lie  along  the  hills  and  valleys  bordering  Duck  River.  The  iEtna 
property,  situated  on  Beaver  Dam  Creek,  alone  has  enough  ore  to  supply  all  the  fur- 
naces that  could  be  conveniently  built  upon  it.  Timber  for  charcoal  purposes  is 
equally  abundant.  Some  consider  the  deposits  in  these  counties  equal  to  the  Iron 
Mountain  of  Missouri ;  the  ore  yields  44  per  cent,  from  the  furnace.  This  property, 
the  finest  of  the  kind  in  the  State  of  Tennessee,  now  lies  idle  for  the  want  of  cheap 
transportation. 

TIMBER. 

Timber  is  everywhere  abundant  and  of  the  finest  quality  ;  it  consists  of  all  the  dif- 
ferent varieties  of  oak,  white  hickory,  ash,  poplar,  walnut,  cherry,  chestnut,  black 
locust,  beech,  and  sycamore,  and  on  the  hills  the  long-leaf  pine  abounds,  as  does  also 
the  cedar  and  other  varieties.  Considerable  cotton  is  raised,  which  finds  a  marjcet  at 
Pinewood,  where  there  is  a  cotton  factory.  There  is  also  on  Hurricane  Creek  a  woolen 
factory,  and  near  Buffalo  an  ax-handle  factory,*  the  hickory  used  being  superior  for 
this  kind  of  manufacturing.  Accompanying  this  report  is  an  index-map  of  the  river 
from  Centreville  to  its  mouth. 

I  am,  major,  very  respectfully, 

D.   L.   SUBLETT, 

Asneiant  Engineer, 
Maj.  W.  R.  King, 

Corps  of  Engineers y  U,  S.  A. 


U.    8.   ABHT. 
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V  7. 

IMPROVEMENT  OF  OBEyS  RIVER,  TENNESSEE. 

An  appropriation  of  $4,000  was  made  for  improving  the  Obed's  Elver, 
Tennessee,  June  14, 1880.  The  appropriation  is  onderstood  to  be  for 
Obey's  Eiver,  and  based  upon  an  examination  of  that  river,  a  tributary 
of  the  Cumberland,  the  report  of  which  examination  was  made  February 
6, 1879.  (See  Report  of  Chief  of  Engineers,  Appendix  T,)  The  si>ellmg 
was  corrected  by  amendment  in  the  Senate  from  OheWs  to  Obe^Sj  but 
the  printed  copies  of  the  act  still  retain  the  apparent  error.  There  is  an 
OhedHs  River,  rising  near  the  source  of  Ohefy^s  River,  but  it  is  a  much 
smaller  stream,  and  runs  into  the  Emory  River.  No  examination  of  it 
has  ever  been  made. 

The  funds  not  being  available  until  after  the  1st  July,  no  work  was 
done  during  the  fiscal  year. 

The  money  now  ^  July  20)  being  available,  it  is  proposed  to  begin  work 
at  once  by  organizmg  a  force  and  removing  the  more  troublesome  snags, 
bowlders,  and  other  obstructions  aloog  the  river,  or  as  much  of  it  as  can 
be  done  during  the  balance  of  the  low-water  season. 

The  amouiat  herein  estimated  for  will  be  needed  for  continuing  these 
operations,  and  blasting  rock  from  the  channel,  building  wing-dams,  &c., 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefrom, 
see  Report  of  Chief  of  Engineers,  1879,  p.  1277. 

Ori^nal  estimate  for  improving  Obey's  River,  Tennessee,  was  $11,869;  amount  ap- 
piopnated,  $4,000. 

Money  statement 

Amount  appropriated  by  act  approved  June  14,  1680 |4, 000  00 

July  1,  1880,  amount  available 4,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 7, 869  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .  •    7, 869  00 


V  8. 
IMPROVEMENT  OF  CANEY  FORK  RIVER,  TENNESSEE. 

An  appropriation  of  $6,000  was  made  for  improving  this  river,  act  of 
June  14, 1880,  but  the  funds  not  being  available  until  after  the  1st  of 
July,  no  work  was  done  during  the  fiscal  year. 

[nie  money  now  (July  20)  being  available,  it  is  proposed  to  begin  work 
at  once  by  organizing  a  force  and  removing  the  more  troublesome  snags, 
bowlders,  and  other  obstructions  along  the  river,  or  as  much  of  it  as  can 
be  done  during  the  balance  of  the  low- water  season. 

The  amount  herein  estimated  for  will  be  needed  for  continuing  these 
operations,  and  blasting  rock  from  the  channel,  building  wing-dams,  &a, 
to  secure  a  permanent  increase  of  depth  to  the  channel. 

Original  estimate  of  cost  of  improving  Caney  Fork  River  was  $30,228 ;  amount  ap- 
propnated,  (6,000. 

For  a  detailed  report  on  the  obstructions  in  this  river,  and  an  estimate 
of  the  cost  of  their  removal,  and  the  benefits  to  be  expected  therefirom, 
Bee  Eeport  of  Chief  of  Engineers,  1879,  p.  1276. 
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Money  statement 

Amonnt  appropriated  by  act  approved  June  14,  1880 $6, 000  00 

July  1,  1880,  amount  available 6,000  00 

Amount  (estimated)  required  for  completion  of  existing  project 24, 228  0€ 

Amount  that  can  be  protitably  expended  in  fiscal  year  ending  Jume  30, 1882.  12, 000  00 


Vg. 

IMPROVEMENT  OF  COOSA  RIVER,  GEORGIA  AND  ALABAMA. 

• 

The  appropriations  for  this  river  are  made  applicable  to  that  portion 
lying  between  Rome,  and  the  Selma,  Rome  and  Dalton  Railroad  Bridge. 
'  From  Rome  to  Greensport  the  river  has  been  put  in  a  tolerably  good 
navigable  condition  at  all  seasons,  by  the  excavation  of  reefs,  building 
of  wing-dams,  &c.,  as  explained  in  former  reports :  and  efforts  are  now 
directed  to  the  removal  of  the  Ten  Island  Shoals  obstruction,  which, 
including  Whistenant's  Mill  Shoals,  requires  three  locks  and  several 
thousand  feet  of  dams.  The  work  at  this  point  has  been  carried  on  by 
hired  labor  continuously  during  the  fiscal  year,  and  is  now  making  good 
progress. 

Three  quarries  have  been  opened,  and  a  large  quantity  of  riprap  and 
dimension  stones  have  been  quarried,  and  a  sufficient  quantity  of  the 
latter  has  been  cut  to  justify  the  beginning  of  the  laying  of  masonry. 

The  foundation  of  a  dam  across  the  river  1,100  feet  long  has  been 
laid,  and  two  lock-pits  have  been  excavated,  besides  considerable  pre- 
paratory work  in  the  way  of  laying  temporary  railroad  track,  building 
cars,  derricks,  &c. 

The  following  is  a  statement  of  the  work  done  during  the  fiscal  year : 

1, 0:(9  cubic  yards  of  solid  rock  excavated  from  channel. 
6, 124  cubic  yards  of  rock  quarried. 
3, 714  cubic  yards  of  rock  put  in  dams. 
5, 000  feet  of  timber  framed  in  dams. 

1  coffer-dam  (300  by  60  by  8  feet)  built. 
12, 756  cubic  yards  of  earth  embankment. , 
1, 178  cubic  yards  of  stone  cut  for  locks. 
3, 350  cubic  yards  of  rock,  gravel,  &c.,  excavated  (pit  of  lock  1). 

51  cubic  yards  rubble  masonnr  laid  (foundation  of  lock  2). 

81  cubic  yards  stone  broken  K)r  concrete  (lock  No.  2). 

The  present  appropriation  (1880),  and  that  herein  estimated  for,  will 
be  required  in  continuing  work  on  these  shoals  and  in  the. necessary 
preparations  for  extending  the  improvement  down  to  the  coal-fields  in 
Saint  Clair  County,  Alabama:  also,  in  completing  certain  minor  im- 
provements between  Rome  ana  Greensport. 

Further  details  as  to  the  present  condition  and  the  commercial  in^^ 
terests  involved  in  this  improvement  will  be  found  in  the  following 
report  of  Lieut.  W.  L.  Marshall,  .Corps  of  Engineers,  the  officer  in  im- 
mediate charge  of  this  work. 

This  work  is  in  the  coUection  district  of  Mobile.  The  revenue  coUected  at  the 
nearest  port  of  entry  is  unknown  to  me. 

The  original  estimates  of  cost  of  improving  the  Coosa  River  are  $552,347 ;  amonnt 
appropriated,  $225,000;  amount  expended,  $121,021.59. 
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Money  statement 

Jnly  ly  1879,  amount  available $94,827  67 

Amoimt  appropriated  by  act  approved  Jane  14, 1880 76, 000  ■  00 

$100,  as7  or 

Jnly  1,  1680,  amoimt  expended  daring  fisoai  year 66,849  16 

Jolyl,  1880,  oatstanding  liabilities 6,128  31 

71,977  47 

Jaly  1,  1880,  amoant  available 97,860  10 


Amoont 
Amoant  that 


(estimated)  required  for  completion  of  existing  project 327, 347  00 

that  can  be  profitably  expended  in  fiscal  year  ending  Jane  30, 1882.    175, 000  00 


RKPOKT  OF  FIRflT  UBUT.  W.   L.  MARSHALL,   CORPS  OF  BNOINBBRS. 

Ukitsd  States  Enqimsbr  OvnGB, 

Bome,  Ga.,  July  21, 1880. 

Sir:  Daring  the  past  fiscal  year  work  on  the  Coosa  River  has  been  confined  to 
Whistenant's  and  Ten  Island  Shoals,  a  fall  description  of  which  is  to  be  foand  in  th« 
Annual  Report  of  the  Chief  of  Engineers  for  1878.  These  shoals  extend  for  5  mOes 
below  Greeusport.  In  this  distance  is  a  fall,  over  reefe  and  rocks,  of  24  feet  nnequaQy 
distributed. 

The  project  for  the  improvement  consists  in  the  constructioa  of  two  dams  and  throe 
locks,  the  canalization  of  Wood's  Island  Chute,  and  the  excavation  of  a  channel  80 
feet  wide  and  3  feet  deep  at  extreme  low- water  through  the  reefs  at  the  head  of  the 
lapids. 

Of  this  work,  at  the  beginning  of  the  fiscal  year,  there  had  been  part  of  the  obaiiael 
excavation  done,  stone  had  been  quarried  for  the  dams,  and  part  of  the  dam  at  Wbii- 
tenant's  Shoal  built. 

During  the  past  fiscal  year  the  channel  excavation  throughout  has  been  completed, 
with  the  exception  of  not  exceeding  200  cubic  yards  at  Rock  Island  Reef. 

The  dam  at  Whistenant's  Shoal  is  essentially  completed,  and  1,100  feet  of  the  baae 
of  the  dam  across  the  Coosa  River,  at  lock  No.  2,  built  and  filled  with  stone  to  a 
height  of  3  feet. 

A  coffer-dam  was  built  in  September  about  the  site  of  lock  No.  1,  the  lock-pit  exca- 
vated, and  the  work  of  laying  masonry  began  December  1,  1879;  but,  on  the  13th  of 
December,  a  freshet  occurred  which  broke  through  both  ends  of  the  coffer  and  stopped 
work.  Several  attempts  wore  made  to  repair  the  breaks,  but  the  current  in  snon  A 
steep  slope  was  so  great  as  to  render  it  impracticable.  The  dam  was  repaired  in  June, 
and  the  work  of  laying  masonry  was  resumed  July  1,  1880.  At  present  an  effective 
force  of  masons  and  laborers  are  engaged  thereat. 

At  lock  No.  2  the  embankment  has  been  carried  around  its  head  to  the  island  below, 
thus  causing  the  water  to  be  drained  away  from  behind  it,  and  the  excavation  for  the 
lock-pit  has  been  commenced.  This  embankpent  is  to  be  carried  above  extremehigh- 
water,  and  is  now  half  done.  The  lock  is  to  be  connected  with  the  dam  above  it  oy 
a  high  embankment  or  dam  16  feet  in  height,  the  material  for  which  has  been  pre* 
pared.     This  embankment  or  dam  is  400  feet  long. 

In  August,  1879,  a  quarry  was  opened  near  lock  No.  1  for  the  stone  for  that  lock. 
The  formation  is  a  hard,  fine-grained  sandstone,  nearly  metamorphosed,  and  oocors  in 
bowlders  of  various  sizes  and  of  very  irregular  shape,  making  the  quarrying  and  euttiQf 
much  more  expensive  than  was  foreseen. 

Few  stones  came  from  the  quarry  with  even  an  approximation  to  a  butt  or  joint,  in 
Irregular  masses,  which  must  be  hewn  on  all  sides.  An  average  force  of  fifty  ^narr^- 
men  and  stonecutters  have  been  kept  at  work  in  this  quarry,  and  all  the  stone  is  new 
quarried  and  cut  for  lock  1,  with  the  exception  of  the  coping  and  some  of  the  speotel 
etone  for  the  lift-waUs  and  miter-sills.  These  stones  must  be  obtained  firom  a  lime- 
stone ledge  found  above  the  shoal,  which  has  been  stripped  and  the  quarry  opened. 
A  third  quarry,  similar  to  the  sandstone  quarry  at  lock  1,  was  opened  in  January  near 
the  site  of  lock  2  for  the  purpose  of  getting  stone  for  that  lock.  A  force  of  from  fiftj 
to  seventy-five  cutters  and  quarrymeu  have  been  engaged  in  preparing  stone  for  Imf' 
ing.  About  one-half  the  stone  for  lock  2  is  cut,  and  the  laying  of  masonry  will  begm 
as  soon  as  the  pit  can  be  excavated.  In  neither  of  the  sandstone  quarries  can  stone 
for  coping  be  had.  There  are  no  quarries  on  the  Coosa  between  Rome  and  Qreensport, 
and  no  stone  within  50  miles  of  the  works  better  than  that  we  are  forced  to  use. 


i 
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transport  atoae  irom  a  dia- 
tenM  to"  complete  tUa  looks,  but  I  still  ^ope  to  be  abJe  U>  get  stoae  for  lock  No.  3  m 
thu  viuinitT  of  its  siti!,  where  a  limestoue  ledge  has  been  foaiid. 

The  work  upon  this  improvement  ia  nearly  or  quite  one-half  done,  and  it  is  evideot 
tliat  ita  uoat  will  very  tqaterUlly  exoeed  the  estiuial^  made  for  it,  for  ihe  TeatioD  that 
tbe  clusa  of  work  done  is  of  a  hicher  grade.  The  fouudatioiiB  are  uore  difflcnlt  than 
anticipated,  the  stone  for  building  more  difficult  tt)  obtain  and  cut,  and  the  cost  of 
I«bor  and  material  generally  ia  conaiderahl;  higher  than  whan  the  estimate  wm  miule. 

In  this  conueotion  I  wish  to  call  attention  to  the  ItittuScient  estimates  of  cost  made 
for  the  work  on  the  Cooaa  River.  In  Mr.  Long's  report,  the  cost  of  the  locks  ia  eati- 
inat«d  at  leas  thsji  what  it  must  ncceaBarily  cost  to  iirepare  their  fonndationa. 

No  allowBJioe  is  made  for  the  increased  ueight  of  walls  to  allow  navigation  dnrlng 
the  moderat-p  risea  of  the  river,  and  shoals,  with  falls  whicb  will  rendei  open  navigation 
impracticable,  are  con^der^  navigable  with  channel  excavation  where  looka  will 
be  neceasary. 

The  lerola  and  aunonudings  takeu  duriiig  this  aiirvey  are  all  lost,  and  the  maps, 
therefore,  are  not  detailed  Niough  to  allow  me  t^i  locate  the  necesaary  works  or  to 
ohock  bis  esliniutes,  Mr.  Long,  however,  doubled  the  prevlons  estimate,  and  with 
the  exception  of  the  locks,  his  prices  ore  about  what  It  is  actually  casting  to  do  the 

The  object  of  the  work  at  the  Ten  lalaud  Shoaia  ia  primarily  Ui  throw  open  to  eom- 
merce  the  Coosa  Biver  coal-fields.  The  conntry  ia  thinly  settled,  and,  with  the  excep- 
tion of  the  rich  mineral  depnaita,  there  ia  nothing  in  the  j^rcseut  local  business  of  the 
river  which  will  jaati^- the  expenditure  nL'cessiiry  for  ils  improvement  where  it  ia  not 
DOW  navigable.  Three  locks  and  dama  at  Ten  Island  Shoals,  and  one  at  the  head  of  . 
Broken  Anww  Shoaia,  will  effect  thia  moat  desired  end.  The  jjroapective  biiainess  of 
the  river  consials  mainly  in  the  transportation  of  this  coal  and  iron. 

If  Congress  does  not  see  fit  to  embark  in  the  general  improvement  of  th»  Coosa 
Biver,  it  is  at  least  advi-able  to  poimtralf  as  far  as  to  tils  coal,  even  at  Broken  Arrow, 
^  milea  below  Qreensport.  A  dam  at  that  ]>oint,  even  withont  a  lock,  in  addition  to 
the  work  at  the  Ten  Island  Shoal,  will  effect  this.  Afterwarda,  if  thought  advisable 
to  caiT}-  the  work  further,  tha  lock  at  Broken  Arrow  could  be  built  without  interfering 
with  the  navigation  w  far  ns  t«  that  point. 

The  next  animal  appropriation  should  be  aufficient  to  build  this  dam  and  complete 
the  work  at  Greensport,  otberwiae  the  looks  at  Green8)>ort  will  be  useleas  itir  some 
time  after  tjieir  couatruotiou  on  aouount  of  the  obstructious  between  the  foot  of  Tan 
Island  fihoals  and  the  coal-fields,  llkeae  obstructions  consist  of  reefe  near  Miller'a 
Ferry  and  at  Box  Creek,  over  which  it  is  impracticable  to  make  a  safe  navigation 
without  alack  water. 

There  are  now  employed  in  the  trade  of  the  Coosa  River  five  atearaers,  two  of  which 
ore  small  tugs  employed  constantly  in  towing  logs  to  the  saw  mills  at  Gadsden ;  tbe 
■  others  arp  euiployed  in  the  trade  of  the  Upper  Coosa,  are  faim  120  to  165  feet  in  length, 
and  froiu  80  to  ^00  tons  burden.  A  sixth  steamer,  160  feet  long  by  30  feet  beam,  is 
being  built  at  Gadsden,  and  anolheu  will  be  bnilt  in  the  apring  of  I8HI  by  tlie  Georgia 
and  Alabama  Steamboat  Cuiopauy, 

The  buHiness  of  the  river  conaists  in  the  tranaportalion  of  cotton,  pig-iron,  lumber, 
and  wheat,  and  return  freights  of  guano,  provisiona,  aud  merchandise. 

Th^re  ore  300  milea  of  river  navigation  above  the  obstructions  at  Greensport  on  the 
Coosa  Bivur  and  it«  tributaries,  theOostenanlaaudCooaawattee;  lg6mtles,  from  Rome 
to  Greensport,  being  navigable  throughout  the  year,  and  the  remainder  for  aix  mouths 


ceries  for  the  population  ss  far  as  to  Broken  Arrow  Creek.  The  ihhabitanta  of  the 
valley  have  no  other  means  of  tranaportatiou  except  In  the  immediate  vicinity  of 
Gadsden,  whence  a  short  branch  of  railroad  taps  the  Alabama  Great  Southern  Railroad ; 
bat  the  principal  demand  for  the  improvement  of  the  Coosa  Biver  below  Greensport 
arioes  from  the  desire  for  cheap  fuel,  which  the  jieople  hope  to  obtain  by  river  trans- 
p4wtation  from  the  Cooaa  coal-fields. 

There  are  nine  blasl> furnaces  in  tlie  vicinity  of  Borne  and  the  Upper  Cooaa  Valley, 
which,  from  the  growing  scarcity  of  wood  for  charcoalj  will,  in  a  few  yeara,  have  to  go 
ont  of  blast,  or  purehaae  cool  at  ruinous  rates  if  the  price  of  fuel  ia  not  verj-  mat«riaUy 
reduced. 

The  iron  ores  of  this  vicinity  are  very  supetior,  and  the  advantages  for  ita  mann- 
faotnre,  when  cheap  fuel  is  once  assured,  are  such  as  will  necesaarily  cause  a  great  de- 
velopment in  this  industry  here.  All  the  manufacturing  industries  of  parts  of  North 
Georgia  and  Alabama  depend  for  development  and  maintenance  upon  the  improve- 
ment ill  question.  At  present  consumerapay  from  (3.25  to  (6  per  ton  for  bituminoua 
ooal,  which  makes  manufacturing  other  than  of  tfao  best  grade  of  charcoal  iron,  uu- 
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profitable  in  opposition  to  East  Teiinessoe  and  moro  favoroil  localities.  Already  the 
nail-works  and  rolling-mill  located  at  Rome  have  closed,  and  the  extensive  oar-wheel 
and  foundry  works  here  are  contemplating  removal. 

The  freights  of  the  Coosa  River  arc  rapidly  increasing  in  volume,  so  much  so  that, 
where  six  years  <ago  a  single  lino  of  steamers  could  with  difficulty  bo  maintained,  we 
now  have  three  opposition  lines  engaged  in  the  traffic. 

The  lands  are  being  rapidly  homesteaded  and  cleared  for  cultivation,  and  the  im- 
provement of  the  stream  is  causing  a  demand  for  the  land  still  in  possession  of  the 
general  government. 

In  the  last  annual  report  I  asked  for  an  approi)riation  of  $2.3,000  to  complete  the 
work  begun  above  Gi*eensport.  This  recommendation  is  repeated,  and,  in  my  opinion, 
this  amount  is  necessary  to  maintain  the  existing  navigation  and  further  to  remove 
rock  and  gravel  obstructions. 

I  would  reconunend  appropriations  as  follows:  Coosa  River — Rome  to  Qreensport, 
$23,000 ;  Greensport  to  Selma,  Rome,  and  Dal  ton  Railroad,  $170,000.  •  A  less  appro- 
priation than  $100,000  should  not  be  miule,  <as  that  is  the  least  amount  that  can  main- 
tfl-in  an  effective  force  of  skilled  labor  at  work  during  the  year. 
Very  respectfully,  your  obedient  servant, 

W:  L.  Marshall, 
First  Lieutenant  of  Engineers, 

Maj.  W.  R.  King, 

Corps  of  Engineers f  U.  S.  A. 


V  lo. 

IMPROVEMENT  OF  OOSTENAULA  AND  COOSAWATTEE  RIVERS,  GEORGIA. 

Work  on  these  streams  was  begun  on  the  Ist  of  July,  1879,  and  closed 
October  24,  on  account  of  high-water,  and  consists  in  the  improvement 
of  the  natural  channels  by  blasting  rock  and  excavating  gravel  and 
bowlders  from  the  shoals,  and  narrowing  the  water-way  by  wing-dams. 

The  work  done  during  the  past  season  was  principally  on  the  Ooosa- 
wattee,  and  consisted  in — 

Rock  blasted  from  channel 140  cubic  yards. 

Bowlders  blasted  from  channel 332  cubic  yards. 

Gravel  excavated  from  channel 313  cubic  yards. 

Sna^s  and  overhanging  trees  removed 441 

Drift  removed  from  channel 1 i  102  cords. 

Rock  quarried  for  dams 807  cubic  yards. 

Rock  put  in  dams 1, 513  cubic  yards. 

Brush  cut  and  put  in  dams 150  cords. 

The  improvement  is  designed  to  prolong  the  season  of  navigation' 
which  can  only  be  carried  on  at  moderately  high-water. 

The  work  is  of  a  substantial  and  permanent  character,  and  with  occa- 
sional repairs  will  answer  all  the  requirements  of  navigation. 

Lieut.  W.  L.  Marshall,  Corps  of  Engineers,  in  immediate  charge  of  the 
work,  reports  that — 

The  Coosa wattee  River  is  a  small  mountain  stream,  from  100  to  200  feet  in  width,  with 
rapid  current  and  short  bends.  It  is  navigable  six  months  in  the  year  as  far  as  Car- 
ter's Landing,  45  miles  from  its  mouth,  or  nearly  to  its  head.  The  commerce  of  the 
river  is  small,  consisting  mainly  of  lumber,  cotton,  and  wheat.  It  penetrates  30  miles 
from  railroail  transportation,  and  affords  the  only  means  of  egress,  except  by  wagons, 
for  a  small  but  rich  agricultural  country.  During  the  past  winter  steamers  have  not 
navigated  it,  the  farmers  having  constructed  a  kind  of  flat-boat,  in  which  they  float 
their  produce  to  raikoad  at  Resaca  at  trifling  expense.  These  small  barges  are  either 
pushed  back  with  poles  or  hauled  in  wagons.  On(^  farmer,  I  understand,  thus  trans- 
ported 9,000  bushels  of  wheat  and  240  bales  of  cotton,  at  a  cost  less  than  one-third  the 
steamboat  rates. 

The  work  on  th«  Coosawattoe  River  was  directt^l  to  securing  2  feet  navigation  on 
that  river  when  the  Coosa  River,  at  Rome,  Ga.,  is  1  foot  above  extreme  low-water, 
and  it  is  confidently  expected  that  this  result  will  be  obtained  the  present  season. 
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In  addition  to  the  repair  of  such  of  the  old  dams  as  needed  it,  there  was  constructed 
during  the  i)a8t  season  1,384  linear  feet  of  dams,  built  of  riprap,  brush,  and  gravel. 
Most  of  these  dams  are  durable :  a  few  need  more  stone. 

With  the  expenditure  of  the  present  appropriation  ($2,000),  aU  that  can  bo  done  for 
the  Coosawattee  River,  without  slackwater,  will  have  been  accomplished,  but  the 
Oostenaula  will  require  at  least  one  full  season's  work  for  forty  men  to  remove  the 
rocks  still  obstructing  the  channel,  or,  say,  $10,000. 

The  original  examinations  and  estimates  for  this  improvement  were 
made  in  1872  and  1874,  and  were  designed  to  secure  3  feet  depth  of 
channel  on  the  Oostenaula,  and  on  the  Coosawattee  to  secure  good 
navigation  for  boats  drawing  24  inches  of  water  during  nine  months  of 
the  year. 

The  cost  of  improving  both  streams  being  estimated  at 128, 208  50 

The  entire  amount  appropriated  has  been 24,000  00 

Expended 21,089  97 

Money  statement. 

July  1,  1879,  amount  available $5,674  95 

Amount  appropriated  by  act  approved  June  14,  1880 2, 000  00 

$7,674  95 

July  1,  1880,  amount  expended  during  fiscal  year 4, 764  92 

July  1,  1880,  outstanding  liabilities 132  75 

4,897  67 

July  1,  1880,  amount  available 2,777  28 

Amount  (estimated)  required  for  completion  of  existing  project 4, 208  50 

Amount  that  can  bo  profitably  expended  in  fiscal  year  ending  June  30, 1882. .     4, 208  50 


V  II. 

IMPROVEMENT  OF  ETOWAH  RIVER,  GEORGIA. 

I 

The  instrumental  survey  referred  to  in  my  last  report  was  completed 
and  the  report  and  estimates  submitted  to  Congress  December  18, 1879, 
and  printed  in  H.  Ex.  Doc.  No.  17,  Forty-fifth  Congress,  second  session. 

The  estimate  was  for  improving  63  miles  of  river,  so  as  to  give  a  nav- 
igable channel  4  feet  deep,  which  involved  the  building  of  27  locks,  at  a 
probable  cost  of  $2,276,663.  In  submitting  this  estimate,  it  was  stated 
by  me  that — 

Tlie  conclusion  seems  inevitable  that  the  cost  of  the  work  would  be  vastly  greater 
than  the  advantages  to  be  expected  would  justify,  but  this  is,  of  coarse,  a  question 
for  Congress  to  decide. 

.No  appropriation  was  made,  and  no  work  has  been  done  other  than 
that  relating  to  the  survey. 

As  there  is  no  prospect  that  the  balance  of  the  appropriation  for  this 
stream  can  be  profitably  expended  upon  it,  I  would  respectfully  recom- 
mend that  Congress  be  asked  to  make  that  amount  available  for  the  im- 
provement below  Eome,  Ga.,  where  the  Etowah  merges  into  the  Coosa 
Eiver. 

Total  amount  approj>riat<3d  act  of  August  14,  1876 $10, 000  00 

Amount  expended 1,237  80 
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Money  statement 

July  1, 1879,  amount  available |9,940  97 

July  1,  1880,  amount  expended  during  fiscal  year 1,178  07 

July  1,  1880,  amount  available 8,762  3D 


suryey  of  etowah  river,  oeobgia. 

United  States  Engineer  Offigs, 

Chattanooga^  Tenn.,  December  4, 1879. 

General  :  I  have  the  honor  to  forward  herewith  reports  of  Lieat. 
W.  L.  Marshall,  United  States  engineer,  and  Assistant  Engineer  Ernst 
Bnhl,  on  the  survey  of  Etowah  Kiver,  made  during  tJie  past  summer, 
under  authority  of  appropriation  act  of  June  18,  1878.  These  reports 
give  a  full  description  of  the  river  and  proposed  method  of  improve- 
ment, together  with  estimates  of  cost  and  some  information  as  to  the 
probable  advantages  to  navigation. 

The  conclusion  seems  inevitable  that  the  cost  of  the  work  would  be 
vastly  greater  than  the  advantages  to  be  expected  would  justify,  but 
this  is  of  course  a  question  for  Congress  to  decide.  Should  it  be  decided 
to  begin  work,  it  is  earnestly  recommended  that  at  least  one-third  of  the 
estimated  cost  may  be  appropriated  the  first  year,  so  that  the  neces- 
sary preparations  can  be  made  for  prosecuting  the  work  vigorously  and 
economically;  Maps  will  be  sent  in  a  separate  package. 
Yery  respectfiilly,  your  obedient  servant, 

W.  E.  King, 
Major  of  Engineers. 

The  Chief  of  Engineers,  U.  S.  A. 


report  of  lieut.  w.  l.  marshall,  corps  of  engineers. 

United  States  Engineer  Office, 

Rome,  Ga.f  November  29,  1879. 

Sir  :  I  liave  tlio  honor  to  return  herewith  the  report  of  Mr.  Ernst  Ruhl,  assistant  in 
charge  of  the  party  for  the  survey  of  the  Etowah  River. 

The  survey  was  made  in  the  months  of  May,  June^  and  July,  1879,  and  the  report 
is  confined  almost  exclusively  to  a  statement  of  the  improvement  necessary  to  secure 
a  navigable  channel,  4  feet  in  depth,  trom  Rome,  Ga.,  to  the  mouth  of  Little  River,  a 
distance  of  63  miles,  and  an  estimate  of  the  cost  of  these  improvements. 

The  Etowah  River  takes  its  rise  in  Lumpkin  County,  Georgia,  and,  after  collecting 
the  waters  of  many  little  mountain  streams,  flows  in  a  direction  a  little  south  of  west 
a  distance,  measured  along  its  meanders,  of  about  110  miles,  to  Rome,  Ga.,  where, 
uniting  with  the  Oostenaula,  it  forms  the  Coosa,  the  main  tributary  of  the  Alabama 
River.  Its  drainage  area  is  confined  to  parts  of  the  counties  of  Lumpkin,  Cherokee, 
Bartow,  and  Floyd,  Georgia,  rich  agricultural  counties,  also  abounding  in  mineralt, 
gold,  iron,  manganese,  and  baryta,  but  little  developed  in  mineral  interests,  and  com- 
paratively thinly  populated.  The  lower  portion  of  its  valley  is  in  a  high  state  of  onlti- 
vation,  producing  tne  cereals  and  cotton,  but  the  surplus  products  of  its  immediate 
vicinity,  for  trausportation  to  market,  are  insignificant  within  the  limits  of  possible 
navigation,  compared  to  the  cost  of  obtaining  transportation  by  river. 

Throughout  it«  course  the  Etowah  is  of  the  nature  of  mountain  streams  generally. 
From  the  mouth  of  Little  River,  in  Cherokee  County,  where  the  survey  begins,  to  its 
month,  it  will  average  250  feet  in  width ;  its  bed  is  obstnicted  with  numerous  rook 
reefs  and  steep  bars,  covered  with  bowlders  and  drift.  At  low-water  its  discharge  is 
slight,  and  the  reefs  and  bowlders  in  great  part  bare  and  exposed.  Its  banks  through- 
out are  high,  save  along  a  few  narrow  and  low  bottoms,  and  are  well  protected  against 
wash  by  a  thick  growth  of  trees  and  aquatic  shrubs  and  canes.    It  is  subject  to  very 
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rai^id  rises,  the  full  heiffht  of  freshets  being  often  attained  in  a  few  hours,  and  it  nearly 
asTapidly  subsides.  "Die  height  of  the  greatest  rises  varies  from  12  feet  in  the  upper 
part  of  its  course  to  28  feet  at  Rome,  where  its  slope  is  reduced.  In  addition  to  the 
natural  obstructaons  its  bed  is  filled  with  numerous  fish-traps,  and  its  course  is  dammed 
by  two  mill-dams.  It  is  spanned  by  six  bridges,  the  lower  chords  of  which  are  barely 
above  the  high- water  marks. 

The  present  survey  was  restricted  to  that  part  of  the  river  which  may  ultimately 
form  a  part  of  some  through  water  line  connecting  the  Mississippi  Valley  with  the 
JLtlanti^  seaboard,  in  conuection  with  the  rivers  of  Lower  Georgia  and  connecting 
canals  to  be  biiilt  between  them. 

From  Rome  to  the  mouth  of  Little  River,  a  distauce  of  63  miles  measured  along  its 
bank,  the  fall  of  this  river  is  232  feet  or  nearly  3.7  feet  per  mile.  This  fall,  if  uni- 
formly distributed,  would  occasion  a  current,  at  moderate  stages  of  water,  when  the 
friction  against  the  bottom  and  sides  of  the  channel  is  reduced,  almost  too  great  for 
successful  up-stream  navigation.  As  it  is,  however,  the  fall  is  not  uniform,  but  the 
slopes  are  greatly  increased  at  numerous  points  where  the  falls  take  place,  over  reefs 
and  rock  bars,  with  short  pools  of  still  water  between  them,  the  individual  falls  vary- 
ing from  a  few  inches,  over  narrow  reefs,  to  from  4  to  16  feet  within  less  than  a  mile, 
as  shown  in  detail  upon  the  profile. 

It  is  impracticable  to  make  a  successful  improvement  of  this  part  of  the  river  with- 
out the  application  of  a  complete  system  of  locks  and  dams,  the  low-water  discharge 
of  the  river  not  being  sufficient  to  fill  any  practicable  channel  Which  may  be  excavated 
through  the  reefs  and  rapids.  To  secure  a  navigable  channel  4  feet  in  depth  over  this 
63  miles  of  river,  Mr.  Ruhl  estimates  that  27  locks  and  dams  are  necessary,  at  a  prob- 
able cost  of  $2,276,663,  which,  for  a  permanent  improvement,  is  not  a  too  liberal  esti- 
mate. 

There  is  at  present  no  navigation  upon  the  Etowah,  and  I  have  not  been  able  to  dis- 
cover that  it  has  ever  been  utilized  even  for  navigating  flat-boats  or  saw-logs  down 
stream.  There  is  no  demand  among  the  people  for  its  improvement,  unless  a  general 
desire  to  profit  by  any  work  whatever  in  their  vicinity,  to  which  they  ^re  not  called 
upon  directly  to  contribute,  except  a  contingent  and  speculative  one,  i.  e.,  should  the 
Coosa  River  be  opened  to  the  Gulf,  or  any  of  the  through  canal  routes  connecting  the 
waters  of  the  Coosa  with  the  Mississippi  River  be  inaugurated,  then  there  will  be  a 
lively  desire  among  the  people  to  participate  in  benefits  derived  therefrom.  At  pres- 
ent the  river  leads  to  no  market  not  readily  and  cheaply  reached  by  railroad  or  wagon, 
and  the  entire  present  surplus  of  its  valley,  if  shipped  by  river,  could  not  maintain  by 
any  tolls  the  works  necessary  for  its  navigation. 

Until  the  population  becomes  many  times  increased,  and  the  products  so  much  am- 
plified by  diversified  industries  as  to  make  it  the  policy  of  the  government  to  develop 
every  possible  means  of  inland  transportation,  there  does  not  seem  to  me  to  be  any 
occasion  or  need  to  improve  the  Etowah  River.  No  part  of  it  at  present  is  more  than 
8  miles  from  railroad  transportation. 

Very  respectfully,  your  obedient  servant, 

W.  L.  Marshaix, 
First  Lieutmant  of  Engineers, 

Maj.  W.  R.  King, 

Corps  of  Engineers^  U.  S,  A» 


REPORT  OF  MR.  ERNST  RUHL,  ASSISTANT  ENGINEER. 

Chattanooga,  Tenn.,  September  2, 1879. 

Major  :  I  have  the  honor  to  submit  the  following  report  of  a  survey,  d^c,  of  the 
Etowah  River,  in  Georgia,  commencing  at  the  mouth  of  Little  River,  in  Cherokee 
County,  the  starting  pomt  of  a  project^  ship-canal  uniting  the  waters  of  the  Gulf  of 
Mexico  with  the  waters  of  the  Atlantic  Ocean,  the  contemplated  water-way  passing 
through  the  States  of  Alabama,  Georgia,  and  South  Carolina. 

The  survey  and  field  work  performed  in  connection  with  it  consisted  of  the  running 
of  a  transit  line  on  one  side  of  the  river,  forming  a  basis  upon  which  the  topography 
of  the  river  and  its  immediate  surroundings  were  located.  The  distances  from  the 
transit  line  to  the  water's  edge  were  measured  with  a  tape-line  at  every  point  of  de- 
flection in  the  transit  line,  and  to  the  water's  edge  on  the  shore  opposite  to  it  by  using 
a  stadia  rod. 

The  lowest  point  of  the  river  bed  in  a  cross-section  of  the  Etowah  at  the  starting 
point  was  assumed  as  representing  an  elevation  of  500  feet,  and  U)>on  this  assumption 
a  series  of  levels  were  run  on  the  transit  line,  and  a  check  line  of  levels  to  test  the 
former's  correctness  generally  on  the  shore  opposite  to  the  transit  line :  elevations  of 
water  surface  were  taken  about  every  1,000  feet,  and  at  shorter  intenrals  where  there 
appeared  a  sudden  fall  in  the  river.    Whenever  reliable  information  abbnt  the  height 
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of  flood  of  1876  could  be  obtained,  it  was  recorded  and  afterwards  pat  on  the  j^roflle. 
Benches  were  established  and  marked  about  every  50  stations,  ana  recorded  in  ^e 
level  book. 

Soundings  were  taken  opposite  every  station  of  the  shore  line,  which,  deducted  fix>m 
the  elevation  of  the  corresponding  water  surface,  ascertained  on  the  same  day,  gave 
the  elevation  of  bed  of  river. 

Cross-sections  of  the  river  bed  were  also  taken,  principally  at  places  which  will 
probably  require  work  to  increase  the  depth  of  water.  Observations  of  stage  of  water 
were  made  and  recorded  three  times  per  day  on  water-gauges  established  at  Loven* 
good's  Bridge,  in  Cherokee  County,  Douthard's  Ferry,  in  Bartow  County,  and  Rome,  in 
Floyd  County ;  also  at  a  water-gauge  put  up  near  each  camp  for  the  tmie  being,  dar- 
ing the  survey,  for  the  purpose  of  arriving  as  nearljr  as  possible  at  the  figores  oif  low- 
water  mark,  so  as  to  be  enabled  to  reduce  the  soundings  in  accordance  with  it. 

From  the  observations  of  water-gauges  and  the  known  distance  between  them,  the 
velocity  of  the  water  was  ascertained,  also  from  velocity  observations  taken  with  the 
use  of  floats,  and  found  to  average  for  the  entire  distance  2^  miles  per  hoar,  and  at 
some  places  not  more  than  1.6  miles  per  hour. 

The  contemplated  depth  of  channel  is  4  feet,  and  the  width  of  the  same  where  ex- 
cavation is  re<iuired  =  60  feet. 

Dams  are  assumed  at  8  feet  width  on  top,  sloping  on  the  side  upstream  at  the  rate 
of  1  foot,  vertical  to  2  feet  horizontal,  and  on  the  downstream  side  at  the  rate  of  one 
to  one,  built  of  dry  masonry.    Locks  to  be  '210  feet  long  and  40  feet  wide  in  the  clear. 

From  the  annexed  proflles  and  maps  of  the  river  it  is  apparent  that  the  cleaning 
out  (removal  of  obstructions  in  it)  would  not  improve  to  a  great  extent  the  facilities 
of  navigating  the  same,  on  account  of  the  irregularity  of  the  slope  of  river  bed  and  its 
great  width  in  many  x>laces  compared  with  the  volume  of  water  at  its  lowest  stage ; 
and  the  necessary  improvements  recommended  consist,  therefore,  principally  in  the 
building  of  dams  and  locks,  besides  several  channel  excavations,  whereof  tne  estimated 
total  cost  amounts  to  $2,276,66:{,  as  detailed  in  the  inclosed  estimate.  The  high  banks 
of  the  river  are  very  favorable  to  slack  water  improvements,  being  generally,  as  shown 
by  the  profile,  on  level  with  high-water  marK,  frequently  above  it,  and  wherever 
they  are  below  the  same  it  is,  with  few  exceptions,  not  more  than  from  10  to  150  feet 
distance  back  of  the  transit  lino  to  the  point  where  the  elevation  of  natoral  sarface 
reaches  high-water  mark. 

All  along  the  river  between  Rome  and  the  mouth  of  Little  River,  stone  for  bailding 
dams  and  locks  is  within  easy  reach  of  the  places  where  such  are  needed.  Lnmber 
can  also  be  obtained  from  the  numerous  saw-mills  near  the  river.  Commencing  just 
above  the  mouth  of  Little  River,  in  Cherokee  County,  Georgia,  this  point  of  beginning 
is  designated  as  station  0,  and  a  stake  driven  in  every  100  feet  in  distance  and  marked 
successively  1,  2,  3,  &c.' 

Followiuj::  the  river  down  stream,  the  first  obstruction  met  with  consists  of  a  mill- 
dam  at  station  37.  Removing  the  dam  would  lower  the  water  so  much  as  to  necessi- 
tate channel  excavation  for  1,300  feet  above  the  dam  and  800  feet  below  the  same. 
Taking  down  the  present  dam  and  building  a  new  one  of  250  feet  length  and  7  feet 
height  will  not  only  preserve  the  proper  doi)th  of  water  above  the  dam.  but  will  also 
raise  the  water  between  stations  37  and  42  to  its  necessary  height.  A  lock  of  ^  feet 
lift,  with  10  feet  additional  elevation  of  walls,  is  required. 

Material  for  building  lock  and  dam  can  be  obtained  from  the  ridge  opposite  station 
50  to  station  GO. 

Between  stations  53  -\-  50  and  59  -f-  50  for  600  feet  the  channel  has  to  be  deepened  1 
foot,  60  feet  wide,  in  solid  rock. 

In  order  to  overcome  the  rapids  and  reefs  between  stations  112  and  148  and  shallow 
water  at  149, 150,  151,  and  153,  also  162  to  168,  it  will  be  advisable  to  put  a  dam  across 
the  river  at  station  165,  and  a  lock  of  6}  feet  lift.  Rock  for  dam  and  lock  can  bo  ob- 
tained in  the  ridge  on  right  side  of  river  opposite  stations  125  and  142. 

At  station  187  we  find  only  2  feet  water,  and  an  excavation  of  solid  rock  for  a  dis- 
tance of  200  feet,  averagiuij  li  feet  in  depth,  will  be  required.  At  station  223 -|- dO 
Lovengood's  Bridge  (a  lattice  bridge)  spans  the  river ;  the  lower  chord  of  it  being  only 
2  feet  above  high-water,  it  will  be  necessary  to  put  either  a  draw  in  the  bridge  or 
abandon  it  entirely. 

The  shoals  between  stations  253  and  289  do  not  afford  mora  than  2  feet  of  water,  and 
siuce  the  slope  of  the  river  here  would  require  too  great  an  am<mnt  of  excavation,  a 
dam  8  feet  high  across  the  river  at  station  294  and  a  lock  of  4f  feet  lift  will  be  prefer- 
able. 

From  station  294  we  find  excellent  water  down  to  station  374. 

At  station  332  Owl  Creek  empties  into  Etowah  River,  a  water  course  spoken  of  as 
afibrdiiig  facilities  for  constructing  a  canal  to  unite  the  wat<jrs  of  Etowah  River,  con- 
sequently of  the  Gulf  of  Mexico,  with  the  waters  of  a  river  flowing  into  the  Atlantic. 

Between  stations  374  and  375  channel  excavation  of  1  foot  in  dex>th,  60  feet  wide, 
and  100  feet  long  is  necessary. 
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Between  stations  388  and  392  +  50  channel  excavation  to  the  extent  of  3  feet  in  depth 
is  required.  Between  stations  430  and  435  •^^  50  channel  excavation  fVom  1  foot  to  1^ 
feet  deep  is  reqoired.  From  the  line  dividing  the  connty  of  Cherokee  and  the  connty 
-of  Bartow  the  shoals  are  of  such  length,  and  the  descent  of  the  river  so  rapid,  that  it 
becomes  impracticable  to  improve  the  same  by  channel  excavation  or  longitudinal 
-dams,  but  cross-dams  and  locks  appear  to  be  the  proper  means  of  improvement  be- 
tween the  eaHtem  boa udary -line  of  Bartow  and  Rome,  the  lower  terminus  of  Etowah 
River. 

Tbe  next  dam  to  be  coustructetl  will  be  opponite  station  541,  at  the  head  of  Maddox 
Island,  from  the  right-side  shore  to  the  island,  so  as  to  force  the  water  in  the  left-side 
channel ;  the  length  of  it  will  be  500  feet  and  its  height  4  feet.  At  the  foot  of  the  island, 
opposite  station  501,  from  th%  left-side  shore  to  the  island,  anotiher  dam  125  feet  long 
■and  12^  feet  high  will  be  required,  and  a  lock  with  10  feet  lift. 

Between  stations  505  and  570  channel  excavation  2  feet  deep  will  be  required. 

At  station  594  to  595  -f  50  channel  excavation  1^  feet  deep  is  necessary. 

In  order  to  force  the  water  into  the  left-side  channel  at  Pugh's  Island  it  will  be 
necessary  to  build  a  dam  from  the  right-side  shore,  opposite  station  595,  to  the  head  of 
Pngh's  Island,  500  feet  long  and  3  feet  high^  and  another  dam  at  the  foot  of  the  island, 
<»pi>osite  station  630,  175  feet  long,  14  feet  high,  and  a  lock  with  11  feet  lift  and  ti  feet 
Additional  height  of  walls. 

At  station  674,  a  dam  600  feet  in  length,  13  feet  in  height,  also  a  lock  of  10  feet  lift, 
with  walls  of  7  feet  additional  height^  are  necessary. 

At  station  711  +  50,  a  dam  600  feet  in  length,  19  feet  in  height,  and  lock  of  15  feet 
lift,  with  walls  of  5  feet  additional  height,  are  necessary.  At  station  746,  a  dam  of  450 
feet  in  length,  20  feet  in  height ;  also  a  lock  with  15  feet  lift  and  8  feet  additional 
height  of  walls  required. 

At  station  771,  a  dam  500  feet  long,  11^  feet  height,  and  lock  of  9  feet  lift,  with  8 
feet  additional  height  of  walls  necessary. 

At  station  8ul  +  50,  a  dam  400  feet  long,  13  feet  high,  and  lock  of  10  feet  lift,  with 
8  feet  additional  height  of  walls  required. 

At  station  ^7,  a  dam  300  feet  long,  14  feet  high,  and  lock  of  10  feet  lift,  with  8  feet 
additional  height  of  walls  required. 

At  station  944,  the  Western  and  Atlantic  Railroad  crosses  the  river.  In  order  to 
enable  steamboats  to  pass  at  all  stages  of  water  a  draw  in  the  bridge  will  be  required. 

At  statiou  950  (Jefferson's  Mill),  a  dam  325  feet  long,  12  feet  high,  and  a  lock  of  8 
feet  lift,  with  walls  of  10  feet  additional  height  required. 

Between  stations  977  -f-  50  and  982  the  channel  has  to  be  deepened  2  feet. 

At  Htation  1012  (Tomlin's  Mill),  a  dam  300  feet  long,  9  feet  high,  and  lock5i  feet  lift, 
with  10  feet  additional  height  of  walls  required. 

At  statiou  1138,  a  dam  325  feet  long,  10  feet  high,  and  lock -7  feet  lift,  with  10  feet 
additional  height  of  walls  required. 

At  station  1207  there  is  a  lattice  bridge  across  the  river  belonging  to  the  county ; 
in  place  of  putting  in  the  draw  the  bridge  might  be  bought  for  $25,000  and  entirely 
removed. 

At  station  12^,  a  dam  275  feet  long,  11  feet  high,  and  lock  of  8  feet  lift,  with  10 feet 
additional  height  of  walls  required. 

At  station  1303,  there  is  a  bridge  belonging  to  Rockmart  Railroad  Comx)any.  A 
draw  is  necessary. 

At  statiou  1526,  a  dam  250  feet  long,  12  feet  high,  and  lock  of  11  feet  lift,  with  walls 
of  10  feet  additional  height  required. 

At  stations  1593,  1596  +  75,  it  will  be  necessary  to  deepen  channel  2  feet. 

At  station  1716  -f  50,  a  dam  300  feet  long,  10  feet  high,  and  a  l^k  of  7  feet  lift,  with 
10  feet  additional  height  of  walls  necessary. 

At  station  1860,  a  dam  300  feet  long,  12  feet  high,  and  lock  of  8  feet  lift,  with  walls 
of  10  feet  additional  height  required. 

At  station  2064,  a  dam  from  right-side  shore  to  head  of  island,  =  600  feet  long,  10 
feet  high,  and  lock  at  station  2081,  with  11  feet  lift,  and  10  feet  additional  height  of 
walls  required. 

At  station  2211  -f  50,  a  dam  375  feet  lone,  12  feet  high,  and  lock  of  8  feet  lift,  with 
10  feet  additional  height  of  walls  required. 

At  stations  2238,  2243,  2246,  and  2249,  deepening  of  channel  required. 

At  station  2:^25,  a  dam  2t5  feet  long,  9  feet  high,  and  lock  of  5  feet  lift,  with  10  feet 
additional  height  of  walls  required. 

At  station  2364,  deepening  of  channel  required.  At  station  2466,  a  dam  250  feet 
long,  14  feet  high,  and  lock  of  11  feet  lift,  with  10  feet  additional  height  of  walla 
required. 

At  station  2780,  a  dam  400  feet  long,  11  feet  high,  and  lock  of  7  feet  lift,  and  10  feet 
additional  height  of  walls  required. 

At  station  &40.  a  dam  350  feet  long,  11  feet  high,  and  lock  of  7  feet  lift,  with  10 
feet  additional  height  of  walU  required. 
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At  stations  2945,  2947,  2951,  deepening  of  channel  necessair. 

At  station  3026,  a  dam  400  feet  long,  10  feet  high,  and  lock  of  7  fbet  lift)  with  10 
feet  additional  height  of  nvalls  required. 

At  station  3188^  a  dam  300  feet  long,  10  feet  high,  and  lock  of  7  feet  lift,  with  14 
feet  additional  height  of  waUs  required. 

At  station  3284,  Howard  street  wagon-bridge ;  draw  needed. 

At  station  3299,  a  dam  250  feet  long,  9  feet  high,  and  lock  of  5  feet  lift,  with  10  fbe% 
additional  height  of  walls  required. 

Station  3305  -f-  ^j  Selma,  Rome  and  Dalton  Railroad  bridge ;  draw  required. 

Station  3323.  Broad  street  wagon-bridpe  ;  draw  needed. 

The  land  adjoining  the  river  on  both  sides  is  in  a  high  state  of  cultiyation.  Com, 
cotton,  wheat,  and  occasionally  oats,  are  raised  succesi|fnlly. 

In  a  few  instances  the  ridges  bordering  the  main  valley  approach  so  near  the  wi^ 
ter's  edge  that  the  foot  of  them  forms  the  river-shore,  in  whicn  case  their  aides  are 
covered  with  timber. 

The  expected  freight  will  consist  principally  of  agricultural  products.  There  is  no 
doubt  about  immense  amounts  of  mineral  resources,  especially  in  Bartow  County,  await- 
ing eut-erprising  capitalists  to  develop  them ;  they  consist  mainly  of  iron  ore  and  man- 
ganese. Great  expectations  of  gold  to  be  taken  from  the  river-bed  are  entertained  by 
some  ])cople.  0}>posite  the  mouth  of  Alatoona  Creek,  2  miles  above  the  bridge  of  the 
Western  and  Atlantic  Railroad,  and  from  there  for  2  miles  up  and  along  the  north 
side  of  the  river,  very  extensive  iron-works  and  also  a  large  flouring-mill  were  in  op- 
eration Iv^fore  and  during  the  war,  being  known  by  the  name  of  '' Etowah  Iron 
Works.''  The  entire  cstablinhment  is  now  in  ruins,  and  as  far  as  could  be  learned 
the  proprietors  of  the  same  and  of  the  land  (some  15,000  acres}  pertaining  to  it  hav* 
no  inclination  to  utilize  their  enormous  water-power  and  revive  the  iron  manufac- 
turing interest.  • 

For  the  present,  until  the  population  and  wealth  of  the  country  to  1^  benetited  by 
the  navigation  of  Etowah  River  has  materially  increased,  the  mineral  resources  have 
been  amply  developed,  and  the  immense  water-power  which  will  be  made  available 
by  the  work  necessary  for  slackwater  navigation  may  be  utilized ;  until  then  there 
appears  to  be  no  necessity  of  incurring  the  expense  for  improvemente  of  the  Etowah 
River,  especially  as  there  are  already  sufhcient  facilities  existing  for  transportation 
by  the  di£ferent  railroads  r mining  alongside  and  crossing  the  river  at  various  points ; 
the  Rome  and  Kingston  Railroad  starting  at  the  confluence  of  Etowah  and  Ooste- 
naula  Rivers,  and  running  alongside  the  Etowah  on  its  very  bank  to  a  point  within* 
short  distance  from  Kingston  ;  the  Rock  mart  Railroad  from  Cartersville  to  CedarviUOf 
crossing  the  river  4  miles  from  Cartersville  and  running  for  several  mile»along  its  left 
bank  ;  the  Western  and  Atlantic  Railroad  crossing  the  river  2  miles  south  of  Cartera- 
ville.  There  is  no  point  on  the  river  between  the  site  of  the  Etowah  Iron  Works  and 
Rome  which  is  more  than  4  miles  from  a  riiilroad;  and  there  is  no  point  on  the  rivet 
between  the  Etowah  or  Cooper's  Iron  Works  and  the  mouth  of  Little  River  which  it 
ever  7  miles  from  the  Western  and  Atlantic  Railroad. 

No  portion  of  the  river  is  at  present  navigated.  Whenever  it  will  bo  found  advis- 
able to  begin  actual  work  on  the  improvement  of  Etowah  River,  all  dams  and  locks 
should  be  worked  at  Hinmltaneously,  and  also  the  contemplated  canal  between  a  trib- 
utary of  Etowah  and  some  other  river  emptying  into  the  Atlantic  Ocean,  because  it 
will  be  a  very  long  time  before^  the  local  business  of  the  part  of  the  river  surveyed 
will  compensate  for  the  cost  of  improvement,  and  it  is  therefore  desirable  to  open  • 
new  continuous  water-way  at  once  in  connection  with  it  between  the  Gulf  of  Mexico 
and  the  Atlantic,  so  as  to  furnish  through  freight,  since  the  reasonably  to  be  expected 
local  business  will  not  be  sufficient  to  justify  the  outlay  for  improving  Etowah  River. 
Very  respectfully,  your  obedient  servant, 

Ernst  Ruhi^ 
Aanatant  Engineer. 

Maj.  W.  R.  King, 

Corps  of  Engineers  J  F.  S.  A. 


ESTIMATES. 

The  lock  walls  are  to  be  5  feet  wide  on  top,  and  the  width  of  foundation  course 
equals  two-thirds  of  height  of  wall.  The  lock  chambers,  hollow  quoins,  miter-walls  and 
sills,  and  coping  to  be  cut  stone ;  balance  of  masonry,  rubble  laid  in  cement.  Concrete 
foundation  one-third  the  lift  of  the  lock.  Price  includes  coffer-dam,  bailing,  pump- 
ing, and  puddling: 

Station  42.— Dam  250  feet  long,  6i  feet  high =28,843  cubic 

feet  =  l,068  cubic  yards,  at  §3.50 §3,738  00 

Removing  part  of  old  dam 250  00 

Lock  5i  feet  lift,  with  10  feet  additional  height  of  walls..       53,970  00 

$57, 958  00 
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Station  53  + TO  to  59  +  50.— Solid  rock  excavation,  600x60x1  = 

36.000  cubic  feet=l,3:«  cubic  yards,  at  |3 $3,999  00 

Station  165.— Dam  220  feet  long,  10  feet  higb,  50,600  cubic 

feet=  1,874  cubic  yardB,  at  |3.50 $6,559  00 

liock  6i  feet  lift,  with  walls  of  10  feet  additional  height. ..      57, 590  00 

64, 149  00 

Station  187.— Solid  rock  excavation,  200  X  60  X  1.5  ..  18,000  cubic  feet 

=666  cubic  yards,  at  $3 1,998  00 

Station  223+50. — Loveugood's  Bridge  to  be  bought  and  torn  down 15, 000  00 

Station  294.— Dam  225  feet  long,  8  feet  high=36,000  cubic 

feet=  1,333  cubic  yards,  at  ^.50 $4,665  50 

Lock  4f  feet  lift,  with  10  feet  additional  height  of  walls. . .       51, 325  00 

55  99Q  50 

Station  374  to  375.— Solid  rock  excavation,  100  X  60  X  1.0  =  6,000  cubic  *         ^ 

feet  =  222  cubic  yards,  at  $3 • 666"  00 

Station  388  to  392.— Solid  rock  excavation,  100  X  60  X  (1.0  +  3.0+1.5  '^'^ 

+  0.75)  =  37,500  cubic  feet  =  1,.3H9  cubic  yards,  at  $3 4, 167  00 

Station  430  to  4:i5  +  50.— Solid  rock  excavation : 

1  X  60  X    50  =  3,000 

1  X  60  X  100  =  6,000 

1.5  X  60  X  100  =  9,000 

1  X  00  X  100  =  6,000 

24, 000  cubic  feet  =  889  cubic  yards,  at  $3 . .  2, 667  00 

Station  541.— Dam  500  feet  long,  4  feet  high  -  28,000  cubic  feet  =  1,037  •."..», 

cubic  yards,  at  $3.50 3,629  50 

Station  561.—Dam  125  feet  long,  12i  feet  high  =33j984  cubic 

feet=  1,259  cubic  yards,  at  $:^.50 $4,406  50 

Lock  10  feet  lift,  with  walls  of  10  feet  additional  height. ..       71, 388  00 

75,791  50 

Station  565  to  570.— Rock  excavation,  500  x  2  X  60  =  60,000  cubic  feet 

=  2,222  cubic  yards,  at  $3 6, 666;  00 

Station  594  to  595  +  50.— Rock  excavation,  150  X  1.5  X  60  =  13,500  cubic  ^ 

feet  =  500  cu])ic  yards,  at  $3 1,500  00 

Station  595.— Dam  500  feet  long,  3  feet  high  =  18,750  cubic  feet  =  694  ". 

cubic  yards,  at  $3.50 2,429^00 

Station  630.— Dam  175  feet  long,  14  feet  high  =  71,050  cubic 

feet  =  2,63l  cubic  yards,  at  $3.50 •$9,208  50 

Lock  11  feet  lift,  with  walls  of  10  feet  additional  height  ..       75, 606  00 


84, 814^60 


Station   674.— Dam  600  feet  long,  13  feet   high  =  214,500 

cubic  feet  =  7,944  cubic  yards,  at  $3.50 27, 804  00 

Lock  10  feet  lift,  with  walls  of  10  feet  additional  height. . .  59, 477  00 

Station  711  +  50.— Dam  600  feet  long,  19  feet  high  =  416,100 

cubic  feet  =  15,411  cubic  yards,  at  $3.50 53,938  50 

Lock  15  feet  lift,  with  walls  of  6  feet  additional  height 75, 606  00 

Station  746.— Dam  450  feet  long,    20  feet  bigh  =  342,000 

cubic  feet  =r  12,666  cubic  yards,  at  $3.50 44, 331  00 

Lock  15  feet  lift,  with  walls  of  6  feet  additional  height. . . .  75, 606  00 

Station  771.— Dam  500  feet  long,  11^  feet  high  =  195,187 

cubic  feet  =  7,229  cubic  yards,  at  $3.50 25.301  50 

Lock  9  feet  lift,  with  walls  of  8  feet  additional  height  ....  59, 477  00 

Station  801  +  50.— Dam  400  feet  long,  13  feet  high  =  143,000 

cubic  feet  =  5,296  cubic  yards,  at  $3.50 18,536  00 

Lock  10  feet  lift,  with  walls  of  8  feet  additional  height. . . .  63, 300  00 

Station  857.— Dam  300  feet  long,  14   feet  high  =  121,800 

cubic  feet  =  4,511  cubic  yards,  at  $3.50 15, 788  50 

Lock  10  feet  lift,  with  walls  of  8  feet  additional  height. . . .  63, 300  00 

79,088  60 

Station  944. — Draw  in  bridge  of  Western  and  Atlantic  Railroad 20, 000  00 

Station  950.— Dam  325  feet  long,  12  feet  high  =  101,400  cubic 

feet  =  3,755  cubic  yards,  at  $3.50 13,142  50 

Lock  8  feet  lift,  with  walls  of  10  feet  additional  height. ...  63, 300  00 

.    76,442  50 


»7,281  00 


129, 544  60 


119, 937  00 


84, 778  50 


81,836  00 
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Stations  977  to  982.  — Rock  excavation,  60  X  100  X  (1.0-f  0.75+ 1.0 

4.0.5)  =  19,500  cnbicfeet  =  722cnbic  yards,  at|3 |d,166  M 

Station  1012.— Dam  300  feet  long,  9  feet  high  =  58,050  cubic 

feet  =2,150  cubic  vards,  at  $3.50 7,525  00 

Lock  5i  feet  lift,  with  walls  10  feet  additional  height 53, 970  00 

61, 495  00 

Station  1207. — Stllesborongh  Bridge  to  be  removed  after  being  bought 

for 15,000  09 

Station  1138. ^Dam  325  feet  long,  10  feet  high  =  74,750 

cubic ''-et=  2,769  cubic  yards,  at  $3.50 |9,691  50 

Lock  7  leet  lift,  with  walls  of  10  feet  additional  height 59, 477  00 

69, 168  50 

Station  1233.— Dam  275  feet  long,   11  feet  high=  74,113 

cubic  feet=2,745  cubic  yards,  at  |3.50 $9,607  50 

Lock  8  feet  lift,  with  walls  of  10  feet  additional  height....       63,300  00 

72  907  50 

Station  1303.— Draw  in  bridge  of  Rockraart  Railroad 15|  000  00 

Station  1526.— Dam  250  feet  long,  12  feet  high =78,000  cubic 

feet=2,889  cubic  yards,  at  $3.50 10,111  50 

Lock  11  feet  lift  with  walls  of  10  feet  additional  height. . . .      75, 606  00 

— — ^— —         85  717  911 
Stations  1593  and  l51)«+75.— Rock  excavation,  100  X  60  X 

(1  +  2  +  1)  =  24,000  cubic  feet  =  889  cubic  yards,  at  $:J 2,667  $0 

Station  1716  +  50.— Dam  300  feet  long,  10  feet  high  =  69,000 

cubic  feet  =  2,556  cubic  yards,  at  $3.50 8, 946  00 

Lock  7  feet  lift,  with  10  feet  additional  height  of  walls 59, 477  00 

68,423  00 

Station  I860.— Dam  300  feet  long,   12  feet   high  =  93,600 

cubic  feet  =  3,467  cubic  yards,  at  $3.50 12,134  50 

Lock  8  feet  lift,  with  walls  of  10  feet  additional  height 63, 300  00 

75,434  50 

Station  2064. — Dam  from  right  shore  to  head  of  island,  600 

feet  long,  10  feet  high  =  133,000  cubic  feet  ^  5,111  cubic 

yards,  at  $3.50 17,888  50 

Station  2081. —Lock  11  feet  lift,  with  walls  of  10  feet  addi- 
tional height 75,606  00 

Station  2211  -f  50.— Dam  375 feet  louff,  12  feet  high  =  117,000 

cubic  feet  =  4,333  cubit  yards,  at  $3.50 15, 165  50  * 

Lock  8  feet  lift,  with  walls  of  10  feet  additional  height ...       63, 300  00 

78, 465  50 

Stations  2238  to  2249.— Rock  excavation  (1  X  60x75) -|- 

(1X60X100)    +     (0.5X60X125)    +     (1x60x140)  = 

22,650  cubic  feet  =  839  cubic  yards,  at  $3. : 2,517  06 

Station  2325.— Dam  275  feet  long,  9  feet  high  =  53,212  cubic 

feet  =  l,971  cubic  yards,  at  $3.50 6,898  50 

Lock  5  feet  lift,  with  walls  of  10  feet  additional  height ...       52, 185  00 

Station  2:^64.- Rock  excavation,    1.5  X  60  X  200  =  18,000 

cubic  feet  =  667  cubic  yards,  at  $3 2,001  00 

Station  2466.— Dam  250  feet  long,  14  feet  high= 101,500 

cubic  feet = 3,759  cubic  yards,  at  $3.50 13, 156  50 

Lock  11  feet  lift,  with  walls  of  10  feet  additional  height. . .       75, 606  00 

88, 762  50 

Station  2780.— Dam  400  feet  long,  11   feet  high  =  106,800 

cubic  feet =3,955  cubic  yards,  at  $3.50 13, 842  50 

Lock  7  feet  lift,  with  walls  of  10  feet  additional  height ....      59, 477  00 

"yo  Qjg  gA 

Station  2940.— Dam  350  feet  long,  11  feet  high,  =  94,325 

cubic  feet  =  3,493  cubic  yards,  at  $3.50 12, 225  50 

Lock  7  feet  lift,  with  walls  of  10  feet  additional  height. ...       59, 477  00 

71,702  50 

Stations  2945, 2947,  and  2951.— Rock  excavation  (60  X  1.0  X 

25)  +  (60  X  1  X  40)  +  (60  X  1  X  110)  =  10,500  cubic  feet 

=389  cubic  yards,  at  $3 1,167  00 

Station  3026.— Dam  400  feet  long,  10  feet  high  =9,200  cubic 

feet=3,408  cubic  yards,  at$3.50 11,928  00 

Lock  7  feet  lift,  with  walls  of  10  feet  additional  height.. .      59, 477  00 

71, 405  00 
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Station  3188.— Dam  300  feet  long,  10  feet  high  =  69,000 
oabicfeet=:2,556  cubic  yards,  at  13.50 $8,946  00 

Lock  7  feet  lift,  with  walls  of  14  feet  additional  height.. . .      75, 606  60 

184,552  00 

Station  3284. — Howard  street  wagon-bridge ;  draw  required 10, 000  00 

Station  :{299.— Dam  250  feet  long,  9  feet  lugh= 48,375  cubic 
feet=  1,792  cubic  yards,  at  l|^.50 ; 6,272  00 

Lock  5  feet  lift,  with  walls  of  16  feet  additional  height ....      75, 606  00 

81,878  00 

Station  :i3024-50. — Bridge  at  Selma,  Rome,  and  Dalton 

Railroad ;  draw  requir^ 20, 000  00 

Station  3323. — Broad  street  wagon -bridge ;  draw  necessary 10, 000  00 

Total 2,276,663  00 


t 


V    12. 

IMPROVEMENT  OF  THE  OCMULGEE  RIVER,  GEORGIA. 

This  river  by  its  junction  with  the  Oconee  forms  the  Altamaha,  and 
fdrnishes  a  natural  outlet  for  the  lumber,  cotton,  and  other  heavy  pro- 
ducts of  a  large  section  of  Central  and  Southeastern  Georgia. 

Below  Macon  theOcmulgee  flows  through  a  heavily-timbered  alluvial 
country,  and  its  channel  is  therefore  quite  tortuous  and  shifting,  and, 
as  would  naturally  be  expected,  the  principal  obstructions  are  caused' 
either  directly  or  indirectly  by  the  caving  in  of  the  banks.  The  trees 
that  are  undermined  fall  into  the  channel  and  form  snags,  and  in  many 
cases  sunken  rafts  which,  by  retaining  silt,  form  bars,  and  render  the 
channel  impassable  at  low-water  and  unsafe  at  all  times.  The  improve- 
ment consists  almost  entirely  of  the  removal  of  these  obstructions,  and 
of  the  overhanging  trees  which  are  liable  to  become  such.  In  a  few 
eases,  as  at  Hubbard's  Shoals,  rocks  form  the  obstruction,  but  there  will 
be  much  less  rock  excavation  than  was  originally  supposed.  The  work 
is  done  by  a  small  force  of  hired  laborers,  provided  with  steam  derrick 
boats  and  other  suitable  appliances. 

The  steamer  Clyde,  which  was  employed  on  the  work  at  the  beginning 
of  the  year,  was  discharged  in  September,  and  the  force  was  employed 
in  building  a  new  steam  derrick  boat,  which  was  finished  and  put  to 
work  in  the  channel  in  December. 

During  the  year  963  snags  and  84  overhanging  trees  were  removed. 
The  snags  are  reported  to  have  been  unusually  diflBcult  to  remove  on 
account  of  their  large  size,  the  high  water,  and  the  fact  that  they  were 
generally  located  in  the  middle  of  the  channel. 

It  is  expected  that  the  more  serious  obstructions,  between  the  mouth 
of  the  Ocmulgee  and  Hawkinsville,will  be  removed  in  time  to  allow  the 
cotton  crop  this  year  to  be  shipped  by  steamboat. 

The  following  extract  from  the  report  of  Assistant  Engineer  B.  W. 
Probel  will  give  an  approximate  idea  of  the  amount  of  commerce  on  this 
river: 

During  tho  past  year  work  in  the  Ocmulgee  has  been  confined  to  that  portion  of  it 
between  its  mouth  and  Fodderstack  Cut,  about  65  miles ;  1,134  snags  have  been  taken 
ont,  and  most  of  these  very  large  and  deeply  imbedded  in  sand.  In  one  instance  a 
cypress  stump  was  taken  from  mid-channel,  measuring  144  inches  at  a  point  even  with 
the  surface  of  the  ^p:^iind  when  standing.  One  of  the  worst  places  on  the  river, 
known  as  Dick  Swift  Cut,  employed  the  force  several  weeks;  the  oorrent  here  is 
rapid,  and  the  channel  filled  with  logs  and  stumps,  it  was  the  terror  of  boatmen  and 
raftsmen.  Most  of  the  logs  have  beeu  removea,  and  boats  drawing  4  feet  can  now 
pass  at  low-water ;  a  week  or  two  more  wiU  clear  it  entirely. 
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From  Barrow's  Bluff  to  Jacksonville  (about  3  miles)  the  river  was  so  filled  with  logs 
that  it  seemed  like  oue  great  raft.  This  has  been  removed  and  Swain's  Cnt  cleaned 
ont.  The  river  was  so  obstructed  here  that  boats  could  not  pass  at  ordinary  water ; 
there  is  no  difficulty  now. 

A  great  number  of  isolated  logs  have  been  taken  out  between  Jacksonville  and  Diok 
Swi^,  54  of  these  having  been  found  above  Guilder's  Bluff.  From  Barrow's  to  Ash- 
ley's Cut,  a  great  number  of  isolated  logs  were  removed.  The  cut  was  found  to  be 
filled  with  a  great  raft,  nearly  closing  the  passage,  while  a  sand-bar  at  the  lower  end 
rendered  the  water-way  so  narrow  and  tortnoDS  that  it  was  very  difficult  for  an 
empty  boat  to  pass.  The  logs  have  been  taken  out,  and  the  sand-bank  has  washed 
away ;  there  is  now-  ample  water  for  a  boat  drawing  4  feet.  From  this  point  to  Reu- 
ben's Cut  many  isolated  logs  were  removed.  The  cut  has  continued  to  widen  and 
deepen ;  the  old  river  is  rapidly  closing!,  and  nearly  the  whole  volume  of  water  passes 
through  the  cut.  Boats  and  rafts  pass  here  without  difficulty.  There  are  some  10  or 
12  feet  iu  the  channel,  and  no  snags.  Trees  sometimes  come  in  from  washing  of  the 
banks,  and  these  have  to  be  looked  aft<>r.  From  this  point  to  Horse  Creek  the  only 
obstacles  met  with  were  isolated  snags ;  these  were  numerous. 

At  Horse  Crook  there  was  a  raft  of  sunken  logs,  known  as  '^ Horse  Creek  snags." 
These  have  been  taken  out.  Below  this  is  a  place  very  dangerous  for  rafts,  known  as 
Lower  Winslow  Point.    A  sketch  of  this  point  is  herewith  iuclosed. 

Boats  pass  here,  but  for  the  convenience  of  raft«  the  cut  into  the  lake  or  old  river 
should  be  opened.  Booms,  such  as  I  described  to  you  in  a  previous  letter,  should  be 
placed  across  several  sucks  or  breakovers  for  the  reasons  stated. 

Immediately  above  Burkett's  Ferry  a  very  dangerous  rock  was  reported  by  pilots  in 
mid-channel.  This  rock  was  recently  libhed  out,  and  proved  to  be  an  immense  cypress 
stump. 

There  are  no  obstacles  brtween  Burkett's  Ferry  arfd  Hubbard's  Shoal  except  logs ; 
most  of  these  have  been  removed. 

In  all  parts  of  the  river  some  logs  yet  remain  ;  these  have  been  missed  during  high- 
water,  but  are  not  serious  obstacles  except  at  seasons  of  extraordinary  low-water, 
such  as  we  had  in  1879.    When  such  low- water  again  occurs  they  can  be  gotten  out. 

It  has  not  been  possible  to  remove  them  during  such  high-water  as  has  prevailed 
during  the  past  winter-  At  Hubbard's  Shoal  the  deepest  water  was  filled  with  logs, 
forcing  boats  to  make  their  way  over  the  shallower  portion  of  the  rock  bar.  The  logs 
have  been  removed  and  since  then  the  pilots  have  not  complained.  Work  will  no 
doubt  be  needed  to  secure  a  free  passage  at  extreme  low-water. 

At  Tilman's  Bar  there  are  some  7  or  8  feet  at  low-water ;  irom  thin  point  to  the  month 
of  the  river  the  chanuel  is  clear. 

In  December  last  the  snag-boat  McArlhnr  was  ready  for  service  and  dropped  down 
from  Hawkinsville  to  the  mouth  of  the  river. 

Work  was  begun  here  removing  logs  that  lay  in  mid-channel ;  many  of  these  were 
so  deeply  buried  in  sand  that  we  liad  not  until  then  the  power  to  lift  them.  Many  of 
these  were  foimd  between  the  mouth  of  tlie  river  and  the  Macon  and  Brunswick  Rail- 
road bridge,  some  that  interfered  with  steamboat  navigation,  and  many  others  thai 
seriously  endangered  rafts ;  upon  some  of  these  logs  a  ti^reat  number  of  rafts  are  said 
to  have  been  wrecked.    All  of  those  known  to  river  men  have  been  removed. 

The  snag-boat  has  gradually  worked  her  way  up  stream  and  is  now  above  Diok 
Swift  and  about  65  miles  from  the  mouth  of  the  river.  ♦■  *  *  From  Fodderstack 
Cut  to  Lampkins,  f  of  a  mile  or  more,  was  one  of  the  worst  places  on  the  river. 

The  chanuel  seemed  to  be  a  sunken  raft  covered  with  sand  through  which  the 
branches  and  roots  of  trees  stuck  up  so  thick  that  a  boat  drawing  15  inche^i  could  not 
pass.  I  am  satisfied  that  the  jetty  system  adopted  here  and  on  the  Occmee  will  cure 
all  trouble  from  sand-bars.  Such  jetties  are  easily  constructed  and  will  never  wash 
away. 

Three  steamboats  are  now  plying  upon  the  Lower  Ocnmlgee.  They  make  tripe 
from  Darien  and  Savannah  to  Wilcox's  Lake  and  HollingHworth's  Landing,  from  70 
to  100  miles  from  the  mouth  of  the  OcniuIg(M\  Two  other  boats  are  building,  oue  at 
Tilman*s  Landing,  and  the  other  at  Hawkinsville,  while  others  still  are  in  ooutempla- 
tion. 

During  the  first  four  months  of  the  year  there  was  landed  and  shipped  from  the 
railroad  station  at  the  Macon  and  Bruus\vi(!k  Railroad  bridge,  the  following  articles: 
Guano  8,228  sacks;  rosin  and  spirits  turpentine,  2,251)  bjirrels;  cotton,  31^  bales,  and 
a  fraction  less  than  200,000  pounds  nierchandise,  including  corn  and  bacon. 

As  this  is  but  a  way  station  from  which  freight  must  be  transhipped  by  rail  from 
either  direction,  it  is  not  likely  that  any  large  })ro]>ortion  finds  its  way  here  but  goes 
in  bulk  to  Darien  or  Savannah,  or  from  thivse  points  up  the  river. 

In  Hawkinsville  about  $1,000,000  worth  of  supplies  of  varidiis  kinds  ai-c  distributed, 
and  20,000  bales  of  cotton  are  received  annually. 

Cotton  is  shipped  now  by  rail  to  Savannah  at  a  cost  of  $1.80  per  bale;  by  river  it 
couJd  be  shipped  for  l^l,  or  less.    This  cotton  is  worth  $11,000,000;  100,000  pounds  of 
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wool,  Talaed  at  $33,000,  is  also  shipped  from  here,  while  60,000,000  feet  of  lamber  are 
also  rafted  annually  ont  of  the  Ocmulgee. 

Arrangements  are  being  made  to  ship  cotton  to  Savannah  by  water  so  soon  as  the 
river  is  open.  Below  Hawkinsville  some  3,000  to  4,000  bales  of  cotton  are  raised,  and 
this  more  accessible  to  the  river  than  to  other  transportation.  According  to  the  report 
of  shipments  from  Ocmulgee  Station,  lower  down,  an  average  of  1,000  bales  is  annually 
received  from  the  river  at  that  point,  and  this  does  not  cover  the  entire  amount  pro- 
duced within  range  of  the  river. 

There  are  a  great  many  turpentine  stills  scattered  through  this  section.  These  are 
flecking  the  heavy  forests  along  the  river  where  transportation  can  be  had. 

All  tnese  interests  suffer  on  account  of  the  obstructions  in  the  river,  but  most  of  all 
the  lumber  trade ;  so  great  are  the  losses  from  this  cause,  that  one  firm  (the  Georgia 
Land  and  Lumber  Company)  has  offered  to  give  the  necessary  timber  for  the  booms, 
and  furnish  to  the  government,  free  of  cost,  twenty  or  more  hands  to  work  on  the 
river. 

The  original  estimate  for  improving  the  Ocmulgee  River,  Georgia,  was..  .  |56,240  00 

Amount  appropriated 44, 000  00 

Amount  expended 35, 891  69 

Money  statement. 

July  1,  1879,  amount  available |13,010  39 

Amount  appropriated  by  act  approved  June  14,  1880 7, 000  00 

$20, 010  39 

July  1,  1880,  amount  expended  duriug  fiscal  year 11, 902  08 

July  1,  1880,  outstanding  liabilities 524  45 

12, 426  53 

July  1,  1880,  amount  available 7,583  86 

Amount  (estimated)  required  for  completion  of  existing  project 12, 240  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     12, 240  00 


Vi3, 
IMPROVEMENT  OF  OCONEE  RIVER,  GEORGIA. 

The  description  just  given  of  the  Ocmulgee  River  and  its  obstructions^ 
and  the  metliod  of  improvement  adopted,  is,  without  material  alteration, 
applicable  to  the  Oconee. 

At  the  beginning  of  the  fiscal  year  the  new  steam  derrick-boat,  built 
at  Milledgeville,  had  just  worked  its  way  down,  with  much  difiicnity, 
through  snags,  rafts,  &c.,  to  the  Georgia  Central  Bailroad  bridge^  which 
formed  the  upper  limit  of  the  work  authorized  by  the  appropriation  act. 
From  this  point  she  worked  down  the  river,  removing,  en  route^  666 
finags,  and  13  overhanging  trees,  reaching  Dublin  on  the  21st  of  Janu- 
ary, since  which  time  she  has  been  at  work  between  Dublin  and  the 
mouth  of  the  river,*where  she  has  removed  235  snags  and  7  overhanging 
trees. 

Further  details  relating  to  work,  and  to  the  advantages  to  be  expected 
jfrom  it,  are  given  in  the  following  extract  from  the  report  of  Assistant 
Engineer  B.  W.  Frobel : 

The  work  ou  this  part  of  the  river  (below  Dublin)  so  far  satisfies  me  that  the  esti- 
mate of  $35,000,  submitted  some  time  ago,  will  cover  the  cost  of  improving  it  from  its 
mouth  to  Dublin.  There  are  no  rock  shoals  here  that  cause  (serious  trouble.  Logs 
and  sand-bars,  which  result  from  sunken  logs,  are  the  difficulties  in  the  way  just  now, 
And  jetties,  such  as  those  at  Buckeye  Creek,  will  probably  cure  these  troul>les. 

There  are  a  great  many  sucks  and  breakovers,  similar  to  those  on  the  Ocmulgee. 
These  are  dangerous  and  often  destructive  to  raits.  Booms,  similar  to  those  I  have 
fl«commended  for  the  Ocmulgee,  should  be  placed  across  them.    They  are  generaUy 


1704     REPORT   OF   THE   CHIEF   OF   ENGINEERS,    U.    S.   ARMY. 

not  troublesome  until  the  water  rises  5  or  6  feet,  then  it  rushes  with  great  violence 
through  them,  and  rafts  are  drawn  in  and  wrecked.  One  such  **  suck"  on  the  Ocmnl- 
gee  costs  the  Georgia  Land  and  Lumber  Company  $1,000  yearly  in  this  way.  In  some 
cases  trees  near  the  banks  can  be  used  to  anchor  the  booms,  instead  of  piles.  When 
necessary  a  pile-driver  can  be  rigged  on  either  of  our  boat«  with  little  cost. 

There  are  three  steamboats  plying  on  this  liver  and  a  large  barge.  Another  steam- 
boat will  soon  be  built  for  the  same  purpose.  One  of  these  boats  (the  Colville)  dis- 
tributed during  the  past  spring  3,000  tons  guano.  Fifteen  thousand  bales  of  cotton 
are  annually  raised  within  easy  reach  of  the  landings,  worrh  ^50,000.  Laurens  and 
Montgomery  counties  alone  produce  300,000  pounds  wool.  There  are  two  tnrpentino 
distilleries  on  the  banks  of  tne  river.  One  of  these  produces  6,000  barrels  rosin  and 
800  baiTels  spirits  of  turpentine,  and  the  one  which  has  just  been  built  is  of  equal  ca> 
pacity.  Between  30,000,000  and  40,000,000  feet  of  lumber  are  also  floated  annually 
out  of  this  river.  This  trade  suffers  seriously  from  an  obstructed  river.  All  the  people 
employed  in  these  various  industries  have  their  chief  and  almost  only  means  of  traos- 
portation  furnished  by  the  river.  The  value  of  products  seeking  this  route  does  not 
fall  much  below  $1,200,000,  while  supplies  of  all  kinds,  including  com  and  bacon, 
along  a  line  of  200  miles  of  navigable  water  are  all  transported  over  it,  and  in  the  ag- 
•gregate  amount  to  a  very  large  sum.  The  agent  at  Ocmulgee  Depot  reports  that 
200,000  pounds  of  merchandise  were  shipped  up  the  Ocmulgee  from  that  point  during* 
the  past  four  months.  The  people  on  the  Oconee  are  more  dependent  upon  river 
transportation,  and  we  must  remember  that  as  these  boats  ply  from  Daricn  and  Savan- 
nah most  of  their  freights  are  shipped  from  those  point-s. 

It  will  probably  be  necessary  to  keep  a  snag-boat  employed  on  this 
river  for  several  years,  at  an  annual  cost  of  about  $3,000. 

This  work  is  in  the  collection  district  of  Brunswick,  Ga. 

The  estimates  made  for  this  work  were $15, 000  00' 

Amount  appropriated 13, 000  00 

Amount  expended 10, 723  65 

The  original  estimate  just  given  was  made  by  Mr.  Gould  in  1874  (see 
Report  of  Chief  of  Engineers,  1875,  pp.  42  to  45),  and  it  is  now  evident 
that  a  much  larger  sum  will  be  required  to  remove  all  the  obstructions^ 
to  low- water  navigation.  Assistant  Engineer  Frobel  states  that,  from 
a  recent  examination,  it  will  cost  $35,000  to  comi)lete  the  improvement 
from  Dublin  to  the  mouth  of  the  Oconee,  and  gives  the  following  reasons 
for  the  discrepancy  in  the  estimates : 

I  would  respectfully  invite  your  attention  for  a  moment  to  the  difficulty,  and  I 
might  8riy  impossibility,  of  arriving  :it  anything  like  certainty  in  estimating  the  num- 
ber of  logs  in  rivers  of  this  character.  Mr.  Gould  places  the  entire  number  of  logs  and 
snags  between  the  bridge  and  Dublin  at  *275.  Five  hundred  and  fourteen  have  already 
been  taken  out,  and  there  are  still  several  places  where  more  work  is  needed,  probably 
sufficient  to  employ  a  boat  and  party  two  or  three  mouths. 

Should  Congress  therefore  decide  to  complete  this  work  in  accordance 
with  the  foregoing  suggestions  the  estimate  of  cost  must  be  increased 
$35,000. 

Money  statenieiit, 

July  1,  1879,  amount  available |7,317  85 

Amount  appropriated  by  act  approved  June  14,  1880 1 ,  500  00 

$8, 817  8S 

July  1,  1880,  amount  expended  during  fiscal  vear 6,541  50 

July  1,  1880,  outstanding  liabilities.. \ 397  16 

6,938  aa 

July  1,  1880,  amount  available . .  .'^ 1, 879  19 

Amount  (estimated)  required  for  completion  of  existing  project 2, 000  OO^ 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.  ].0,000  OO 
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survey  of  chattahoochee  river  above  columbus,  georgia. 

United  States  Engineer  Office, 
Chattanooga^  Tenn.j  November  19, 1879. 

General  :  I  have  the  bouor  to  submit  herewith  a  report  on  the  sur- 
vey of  the  Chattahoochee  Kiver  above  Columbus,  Ga.,  authorized  by 
appropriatiou  act  of  June,  1878. 

Steps  were  take  to  procure  instruments  for  beginning  this  survey 
early  in  the  setiaon,  but  owing  to  the  prevalence  of  the  yellow-fever  epi- 
demic, which  interrupted  travel  and  threatened  to  overrun  this  whole 
section,  the  surveying  party  was  not  fairly  at  work  in  the  field  until 
January  8, 1879.  The  exceptionally  cold  weather  and  high  water  at  that 
time  rendered  it  difficult  and  tedious  to  make  the  survey ;  and  it  was  not 
until  the  6th  of  May  that  the  field  party,  having  completed  its  work,  was- 
disbanded. 

Mr.  D.  L.  Sublett  was  detailed  to  make  this  survey,  with  orders  to  re- 
port for  additional  instructions  to  Assistant  Engineer  B.  W.  Frobel,  at 
Atlanta. 

For  reasons  not  necessary'  here  to  state,  the  report  of  Mr.  Sublett  was 
not  completed  so  far  as  the  estimates  were  concerned,  but  in  justice  to 
both  of  these  gentlemen  and  in. order  to  secure  the  full  weight  of  their 
opinion  as  to  the  practicability,  cost,  and  other  matters  upon  which  they 
seem  to  have  arrived  at  different  conclusions,  I  append  both  reports  a» 
they  were  submitted.  In  these  reports  will  be  found  a  full  description 
of  the  river  surveyed  and  of  the  proposed  method  of  improvement, 
together  with  estimates  of  cost  and  statements  of  the  advantages  to  be 
exi)ected  from  the  proposed  improvement.  To  avoid  repetition  I  shall 
refer  only  to  those  points  which  appear  to  require  further  or  different 
consideration  from  that  given  in  the  appended  reports. 

The  most  important  element  to  be  considered  in  connection  with  the 
feasibility  of  this  improvement  is  the  amount  and  distribution  of  fall  to 
he  overcome  by  lockn  and  dams. 

From  the  following  diagram  it  will  be  seen  that  the  entire  fall  between 
Thompson's  Bridge  (near  Gainesville)  and  Columbus,  a  distance  of  215 
miles,  is  751  feet,  and  thai  this  fall  is  very  unevenly  distributed,  nearly 
one-half  of  it,  or  362  feet,  occurring  between  West  Point  and  Columbus^ 
in  a  distance  34  miles. 

The  improvement  of  the  second  section,  viz,  from  the  Western  and 
Atlantic  Kailroiul  bridge,  near  Atlanta,  to  West  Point,  api>ears  entirely 
feasible,  the  fall  being  only  102  feet  in  a  distance  of  108  miles,  and  there 
being  only  about  36  feet  of  this  fall  requiring  to  be  overcome  by  locks 
and  dams. 

The  feasibility  of  imi)roving  either  the^r*^  or  third  sections,  whether 
considered  witli  reference  to  the  magnitude  and  cost  of  such  works  a» 
the  government  has  undertaken  elsewhere,  or  to  the  advantages  to  be 
expected  from  this  particular  improvement,  is  at  least  extremely  doubt- 
fiol,  since  the  cost  of  the  improvement  and  of  maintaining  and  operating 
the  necessary  locks  would  be  out  of  all  proportion  to  the  advantage  to. 
be  derived  from  it.  This  will  be  apparent  from  the  following  estimates^ 
In  preparing  these  estimates  the  following  principles  have  been  kept  in 
view: 

1.  The  locks  must  not  only  provide  for  the  actual  fall  of  the  river  at 
low-water,  but  each  lock  must  have  a  sufficient  lift  to  allow  for  at  least 
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an  ordinary  high- water  stage.  It  woold  of  coarse  be  useless  to  build 
locks  which  would  be  overflowed  and  rendered  impassable,  and  perhaps 
seriously  damaged  by  ordinary  floods.  Taking  the  average  rise  at  28 
points,  as  given  by  the  survey,  we  find  it  17J  feet.  A  river  generally 
rises  less  above  a  dam  or  shoal  than  below  it,  but  we  could  not  safely 
reduce  the  above  average  on  that  account  more  than  one-third,  whid^ 
would  leave  llj^  feet  as  the  least  average  rise  that  must  be  provided  for 
at  each  of  the  42  points  where  locks  would  be  required.  K  any  of  the 
locks  were  grouped  together  in  a  closed  canal,  this  would  apply  to  the 
upper  lock  only ;  but  they  are  all  in  the  bed  of  the  river,  and  detached. 
fix)m  each  other.  It  is  necessary,  therefore,  that  in  addition  to  the  42 
locks  estimated  for  to  overcome  the  fall  of  the  river,  averaging  11.04 
feet  lift  feet  each,  there  must  be  42  more  guard  or  regulating  locks,  aver- 
aging 11 J  feet  lift  each,  to  provide  for  the  ordinary  changes  of  water-level. 
In  three  or  four  cases  the  difficulty  could  be  overcome  by  giving  addi- 
tional lift  to  the  locks  already  estimated  for,  but  at  all  other  points  this 
would  give  a  lift  greater  than  would  be  economical,  and  additional  locks 
would  be  cheaper. 

2.  It  would  ni)t  be  allowable  to  use  timber  in  either  locks  or  dams, 
except  where  it  would  certainly  be  kept  wet  at  all  times.  In  this  climate 
even  the  best  yellow-pine  timber,  if  alternately  wet  and  dry,  lasts  but 
a  few  years,  and  if  it  were  exposed  to  the  weather  in  this  work  it  is 
<5ertain  that  before  half  of  the  locks  required  for  the  improvement  could 
be  built,  by  anything  like  ordinary  appropriations,  the  first  ones  would 
be  rotten  and  unserviceable.  It  is  not  safe,  therefore,  to  estimate  for 
anything  short  of  substantial  rubble  masonry  or  concrete.  A  single 
one  of  the  84  locks  getting  out  of  order  would  obstruct  navigation  and 
render  the  whole  improvement  useless  for  the  time  being,  and  it  is  there- 
fore important  that  nothing  but  durable  materials  should  be  indroduoed. 

3.  As  this  ])ropo8ed  improvement  is  for  future  rather  than  present 
use,  and  as  the  locks  when  once  miide  cannot  be  easily  enlarged,  the 
size  of  the  locks  should  be  such  as  to  omit  the  largest  steamer  that 
would  be  likely  to  come  up  the  river  at  any  time  within  the  next  flf^ 
years.  The  proper  dimensions  to  accomplish  this  are  of  course  a  mat- 
ter of  opinion,  but  it  would  seem  probable  that  boats  200  feet  long  and 
40  feet  over  all  may  at  no  distant  day  navigate  the  liower  Chattahoo- 
<5hee;  and  if  so,  the  locks  should  be  capable  gf  passing  them. 

4.  The  cost  of  excavating  sites  for  locks  and  leveling  up  to  grade 
will  vary  according  to  the  location  and  nature  of  materials  upon  which 
each  lock  is. founded,  and  the  survey  was  not  sufficiently  detailed  to  de- 
termine all  these  points;  but  taking  the  average  actual  cost  of  5  locks 
at  Muscle  Shoals  as  a  basis,  we  may  conclude  that  this  item  of  expense 
cannot  fall  short  of  $9,000  for  each  lock.  The  locks  at  Muscle  Shoals 
were  exceedingly  favorably  locatM,  the  strata  of  limestone  being  nearly 
horizontal,  and  there  was  but  little  expense  for  coffer-dams.  These  con- 
siderations would  more  than  compensate  for  the  difference  in  the  size  of 
the  locks.  The  average  cost  of  prei)aring  sites  for  5  locks  was  $8,615 
exclusive  of  engineering  and  contingencies. 

5.  The  cost  of  gates  and  wickets,  and  the  necessary  winches,  &c.,  for 
operating  them,  will  not  fall  short  of  $5,000  for  each  lock  of  average  lift, 
viz,  11  +  feet. 

6.  The  annual  cost  of  maintaining  and  operating  the  proposed  locks 
€,nd  dams  should  be  considered  with  reference  to  the  probable  amount 
of  commerce  that  would  be  created  and  benefited  by  the  improvement. 
This  is  more  especially  a  question  to  be  decided  by  Congress,  but  as 
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bearing  upon  the  sabject  I  have  added  an  estimate  of  the  probable  cost 
of  maintenance,  capitalized,  which  represents  the  minimum  expenditure 
that  can  be  expected.  The  smallest  force  of  lock-tenders  that  could  be 
•expected  to  work  the  locks  and  attend  to  minor  repairs  would  be  4  men, 
which,  at  $1  a  day  each,  for  the  42  places  where  locks  will  be  required, 
would  cost  $168  per  diem,  or  $61,320  per  annum,  which  capitalized  at 
4  per  cent-  would  represent  a  permanent  investment  of  $1,533,000. 

7.  Another  very  considerable  item  of  expense  would  result  from  the 
toll-bridges,  railroad-bridges,  and  mill-dams  along  the  river,  which  would 
be  more  or  less  interfered  with.  This  would  require  the  payment  of 
damages  to  the  private  owners,  or  would  involve  additional  expense  in 
the  work  itself  to  avoid  interfering  with  these  structures,  of  which  there 
are  at  least  a  dozen  between  Gainesville  and  Columbus.  The  amount 
of  money  involved  can  only  be  ascertained  by  a  careful  examination  into 
the  circumstances  of  each  case.  The  question  of  overflowing  private 
lands  would  also  be  liable  to  add  materially  to  the  cost  of  the  proposed 
improvement. 

8.  As  to  the  amount  of  commerce  that  may  be  anticipated,  it  may  be 
suggested  that  the  river  is  crossed  by  four  railroads,  and  is  nowhere 
more  than  15  miles,  and  on  an  average  only  about  7  miles,  from  a  rail- 
road ;  and  the  general  direction  of  the  river  is  nearly  at  right  angles  to 
the  lines  which  commerce  naturally  seeks,  from  the  great  Mississippi 
Basin  to  the  Atlantic  Ocean.  It  is  not  likely,  therefore,  to  form  a  link 
in  any  through  or  trunk  route. 

9.  Sbould  Congress  decide  to  commence  work  on  one  or  more  sections 
of  this  river,  it  is  earnestly  recommended  that  at  least  one-third  of  the 
amount  estimated  for  the  proposed  work  be  appropriated  the  first  year. 
For  example,  if  the  second  section  is  appropriated  for,  the  amount  should 
be  one-third  of  $486,474,  or  say  $160,000.  In  beginning  a  large  work 
of  this  kind,  a  considerable  outlay  is  necessary  for  machinery,  tools,  and 
supplies,  and  unless  due  allowance  is  made  for  these  items,  which  are 
necessary  for  the  economical  prosecution  of  the  work,  the  whole  appro- 
priation will  be  exhausted  in  preliminary  operations,  without  making 
any  progress  with  the  actual  work  of  improvement. 

It  is  also  to  be  remembered  that  no  advantage  whatever  will  be  de- 
rived from  the  money  expended  until  a  sufficient  length  of  the  river  is 
made  navigable  to  induce  private  parties  to  build  steamboats  and  engage 
in  commerce. 

ESTIMATE. 

Section  I. — Thompson's  Bridge  to  Western  and  Atlantic  Railroad  Bridge, 

73  miles. 

Channel  excavation,  3,669  cubic  yards,  at|5 $18, 34& 

Canal  excavation,  400  cubic  yards,  at  $3 1, 200 

Timber  for  dams,  1,888,356  feet,  at  $15  per  M •- 28,325 

6tone  in  crib-dams,  41,931  cubic  yards,  at  |1    41,931 

(These  four  items  from  Assistant  Engineer  Frobel's  estimate. ) 
f8  locks,  7  to  16  feet  lift,  averaging  11  feet,  at  an  average  cost  of  $42,140 

each,  including  excavation,  foundation,  gates,  wickets,  &c 1, 179, 920 

1,269,721 
▲dd  20  per  cent,  for  engi neering  and  contingencies 253  944 

Hir  1,523,665 
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Section  II. — Westkrn  and  Atlantic  Railroad  Brukse  to  Wkst  Powt,  Ga.,  IW 

MILES. 

Chaimel  excavation,  10,773  ciihic  yards,  at  $5 |^,c!ti5 

Wing  and  riprap  (laniH,  3,'2*25  ciibiV  yards,  at  $2.10 6,7Ti 

Timber  for  dama,  921,r>94  feet  hoard  measure,  at  $15  per  M 13,  dM 

Stono  in  crib-dams,  13,121  cubic  yards,  at  $1 VX,\^\ 

Iron  drift-bolt-s,  &c.,  6,213  [>ouiids,  at  6  cents 373 

(These  five  items  fn)m  Assistant  Engineer  FrobePs  estimate.) 
8  locks,  r>  to  11  feet  lift.,  avera«ring  10  feet  lift,  at  an  average  cost  of  $39,680 

each,  including  exca\'ation,  ibundation,  gates,  wickets.  Sec 317. 440 

Add  20  p«'r  cent,  for  engineering  and  contingencies fl.O 

A^K  474 

Section  III.— West  Point,  Ga.,  to  Columbus,  Ga.,  34  milks. 

Channel  excavation,  9,717  cubic  yards,  at|o ^,585 

Canal  excavation,  17,777  cubic  yards,  at  $1 17,777 

Timber  for  dams,  6,322,704  feet  hoanl  measure,  at  $15  per  M 94.  S40 

Stone  in  crib-dams,  138,051  cubic  yarth*,  at  $1 13",  051 

(These  four  items  from  Assistant  Engineer  Frobel's  estimate.) 
48  locks,  lift  from  7  to  16  ft^e.ty  averaging  11|  feet,  at  an  average  cost  of 

$43,4tM  each,  including  excavation,  foundations,  gates,  wickets,  ^c 2.  ()^4,640 

2.  3H;1,  m 
Add  20  per  cent,  for  engineering  and  contingencies 476, 779 

2,H!t».«« 

Total  cost  section  1 1, 523, 6fi5 

Total  cost  section  II 4c^,  474 

Total  cost  section  III 2,i-60,67< 

4.870.ij'll 
Add  annual  cost  of  operating,  capitalized  at  4  per  cent 1, 533, 000 

Aggregate 6, 40:1,  ?11 

The  maps  of  this  survey  consist  of  a  large  number  of  detailed  sketches, 
showing  the  principal  obstructions,  and  location  of  proposed  imjirove- 
ments,  and  will  be  forwarded  as  ^oon  as  they  are  copied. 
Very  respectfully,  vour  obedient  servant, 

W.  R.  King, 
^fajor  of  Engintem. 
The  Chief  of  Engineers,  U.  S.  A. 
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Atlanta,  Ga.,  Jml^  5,  1879. 

Major:  I  have  the  honor  to  sulmiit  the  following  report  of  a  survey  of  the  Chatta- 
koochee  River  from  Thompson's  Bridge,  in  Hall  Comity,  to  Colnmbus,  Ga.,  made  nnder 
orders  commnnicated  to  me  by  you  December  3,  1878. 

On  the  10th  of  January,  1879,  the  sur^•ey  was  begun  at  Thompson's  Bridee,  the  field 
work  being  under  the  direction  of  Mr.  D.  L.  Snblett,  and  end(Ml  on  the  5tn  of  Mav  ai 
Columbus.  The  weather  for  most  of  the  time  was  favorable  for  the  prosecation  of  field 
"work,  with  an  unuHually  low  stage  of  watvr  for  the  st^ason. 

The  Chattahoochee  rises  in  Northeast  (Georgia,  and  aft«r  traversing  the  State  in  a 
southwest  direction  to  West  Point,  takes  a  course  nearly  due  south,  and  for  abont  40D 
Biles  forms  the  boundary  between  Georgia  and  Alabama.  It  the||  entm  West  Florida, ' 
and  flowing  across  that  State  empties  into  the  Qulf  of  Mexico. 

From  the  seaboard  to  Columbus,  a  distance  computed  by  water  at  400  miles,  theie 
is  constant  navigation  for  boats  capable  of  carrying  750  bales  of  cotton,  and  this  por- 

n  is  being  imx»roved  by  the  removal  of  bars  and  other  obstructions. 


ih-i^ 
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The  river  psBwa  llirough  tho  followiug  (louDtiea  ia  Florida,  which  in  mo  hnd,  no- 
cording  to  tho  United  Stntea  cpnitiie,  an  ag||^gBle  population  of  2i,K)l,  viz :  Frankhn, 
Lilierty,  C&lhoiln,  Gadsden,  and  Jaokson.  It  also  passea  along  the  following  conntiea 
in  Alabama:  Henry,  Bartiour,  Russell,  and  Chambers,  with  a  population  of  33,698, 
while  in  Georgia  21  counties  are  adjacent  to  its  waters  with  a  population  of  331,719, 
malning  an  aggregate  of  337,051  people  liviDi;  along  Its  banks  from  where  the  survey 
began  to  the  Gulf  of  Hoxico.  This  enomeralion, however,  was  made  in  IBTO.  Binoe 
then  the  population  In  someof  thPse  counties  has  greatly  increased.  For  instance,  the 
population  of  Atlanta  in  1870  was  21.T9S;  it  U  now  about  42,000,  or  double  what  It  was 
in  lero.  Addinc  for  the  other  connt  ies  10  per  cent,  of  increase,  we  have  about  400,000 
people  who  would  bo  directly  benefited  by  tlio  proposed  work. 

The  river  for  its  entire  length  liows  through  a  rich  and  highly  productive  country. 
The  census  of  ItflO  gives  $2a,li0fl,9W)  as  the  aggregate  value  of  farm  products  in  the 
counties  iit>on  its  bauka.  Thin  valne,  no  doubt,  has  been  mncb  increaaed  during  the 
ten  years  ])aHt,  and  would  be  greatly  increased  stitl  were  some  better  and  cheaper 
means  of  transportation  afforded  this  section.  Tho  censnsaf  1870  rives  1,240  factorie* 
and  workshops  of  every  description  in  the  counties  named,  employing  a  capital  of 
S6,39ri,60:),  and  prodncing  annually  articles  whose  valne  is  given  at  ^,1W,465.  Of 
this  amount  |I.T60,750  is  invested  in  cotton -factories,  13  of  which  run  t)0,000  Mpindlos. 
Comprised  in  the  mannfacturingeatablishmeuta  enumerated  above,  there  are  MS  fionr 
and  grist  mills,  134  aaw-mills,  1  foundry,  21  tonneriea  and  other  faotorie*,  and  most  of 
these  Bitiiat«d)mmediBteIy  upon  the  Chattalioocbee  and  its  trihutarieB.  The  gre^t  gold 
region  lies  upon  the  waters  of  this  stream  and  around  the  head  of  the  proposed  im- 
provement. Much  of  this  country  is  rich  wltb  magnetic  iron  ore  anil  other  minerals 
of  great  value  could  some  means  of  transportation  l^  affbrdcd. 

Iiua  diataiice  of  nearly  700  miles  the  river  is  approached  by  railronda  but  mx  times, 
viz:  near  Atlauta,  near  Newman,  at  West  Point,  at  Cohimbns,  at  Rufautu,  and  Cbat- 
taiiooehee.  Above  Atlanta  the  ooantles  north  of  the  river  are  without  transportation 
«xcept  by  wnRon-roada,  and  this  is  the  case  also  Iwtween  Atlanta,  West  Point,  and 
-Columbus.  The  iniprovemcut  of  the  river  would  afford  a  cheap  and  certain  meana  of 
Retting!;  to  market  to  a  large  and  very  rich  agric>ultLiral  section.  lieing  fed  principally 
by  livmg  stri'mns,  it  is  not  Hubjcct  to  the  extreme  Huctuatlons  that  characteri)»  many 


I 


thjit  portion  frotn  Thoinpwou's 


This  section  is  TJ  miles  long,  the  initial  point  at  Thonipson's  Bridge  being  U89.03  feet 
above  tide  in  the  Gulf  of  Mexico. 


At  the  railroad  cruming  the  elevation  Is  763  feet,  giving  a  fall  of  3-^.03  foet  in  the 
distance  named.  The  regimen  of  the  river  here  is, luted,  the  bottom  and  banks  being 
uniformly  of  rock,  and  with  an  average  width  of  water  surface  of  about  300  teet. 


Twenty-one  shoals  were  found  in  this  section,  with  an  aggregate  fall  of  about  180  foot. 
Between  these  shoals  the  current  is  usdatly  gentle,  with  long  Btretohca  of  unobstructed 
water  snlBnently  deep  for  a  navigation  not  exceeding  3  feet. 

The  estimates  submitted  contemplate  locks  150  feet  long  between  mitcr^Uls  and  35 
feet  wide,  and  designed  to  accommodate  the  largest  boat  now  navigatinir  the  river. 
Head  and  tall  vallsto  be  of  masonry  laid  in  cement.  Intermediate  walls  or  crihs  filled 
with  stone.    The  aides  of  these  ami  the  bottoms  of  locks  to  be  double  planked.     It  is 

fropoaeil  alxo  to  use  crib-dams ;  these  cribs  to  be  made  of  round  timber  of  £rom  14  ta 
6  inches  in  diameter,  double  planked,  and  with  int«r«ections  and  joints  secured  by 
iron  bolts.  An  abundancn  of  such  material  may  be  had  wherever  these  works  are 
needed,  and  close  at  hand. 

The  elevation  of  the  water  surfooe  itt  Tlionnson'a  Bridge  was  obtained  by  a  trausfur 
of  levels  from  the  railroad  track  at  (iiiiuesville  Depot,  and  the  result  as  given  based 
npon  estimated  low-water  at  the  point  indicated.    All  sounditigH  urn  reduced  also  to 

Frma  Thampiion'i  Bridge  ta  Shallow  ford  is  about  3  miles,  and  no  work  is  needed  here 
tho  river  being  about  SuOfect  wide  and  from  4  to  S  feet  deep.  The  shoal  begins  a  short 
'distance  above  the  (brd,  and  is  5,500  (iet  long,  with  a  fait  of  6. 71  feet. 

The  river  here  is  something  over  300  feet  wide,  the  channel  at  the  iipiH-r  end  being 
divided  by  an  island  1,600  feet  long.  The  beat  woter  is  found  in  the  rigut-hand  ahon- 
nel.  A  dam  275  feet  long  will  bo  needed  here,  closed  by  a  lock  of  10  feet  lift.  For 
abont  1  of  a  mile  below  this  the  water  is  good  to 

JokniHm'i  £A(mI.— The  river  bore  is  200  ^et  wide,  with  a  fall  of  3.17  feet  in  3,fl00  (het. 
The  channel  over  this  has  a  minimum  depth  of  3  leot.  Three  wing'dams,  each  100 
feet  long,  placed  at  proper  Intervals,  Ja  all  that  is  needed.  Below  tuis  shoal  there  is 
good  water  for  1^  mfles  to 

Moonejti  SAMtL—This  ia  .^i.OOO  feet  long,  with  a  fait  of  3.35  feet;  tho  river  varying 
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from  150  to  250  feet  in  width.  The  obstruction  consistA  of  a  fish-trap  dam  at  the  head 
of  the  shoal  and  a  rock-bar  at  the  lower  end.  Four  hundred  and  ibrty-ibnr  cnbio 
yards  of  rock  must  be  removed  to  give  the  required  depth.  Below  this  there  is  4 
miles  of  ffood  water  to 

Overbys  Shoal. — ^This  shoal  is  immediately  above  the  mouth  of  Chestatee  River,  and 
is  300  feet  long,  with  a  fall  of  6.92  feet :  the  river  being  on  an  average  of  350  feet  wide. 
A  dam  at  the  mouth  of  the  Chestatee  200  feet  long,  closed  by  a  lock  of  7  feet  lift,  will 
be  necessary.    Below  this  for  2|  miles  there  is  good  water  to 

Brown^a  3/t2Z.— This  shoal  is  8,.500  feet  hmg,  with  a  fall  of  1.G92  feet.  The  river  here 
widens  from  250  to  GOO  ft^et.  A  dam  600  feet  long  near  Brown's  Mill,  with  a  lock  of  7 
feet  lift,  is  the  first  work  required.  Another  dam  260  feet,  with  lock  of  10  feet  lift, 
should  be  placed  at  lower  end. 

At  SoHther'8  Ferry  no  work  is  needed.  For  10  miles  below  Brown's  Mill  the  water  is 
good.    Then  we  come  to 

Pirkle'8  Shoal— Thi»  is  4,600  feet  long,  with  a  fall  of  3.9  feet.  The  river  varies  from 
300  to  400  feet  in  width.  The  obstruction  consists  of  3  rock  reefs,  with  pools  of  deep 
water  between.  The  channel  over  these  requires  deepening,  and  this  can  be  done  by 
the  removal  of  300  cubic  yanls  of  solid  rock.     Two  miles  farther  down  is 

JFinding  ShoaU  and  Gamer^s  Bridge^  which  is  11,820  feet  long.  This  inolndes  the  en- 
tire distance  from  Hanmiond's  Island  to  a  fish-trap  shoal  below  Bowman's  Island,  with 
a  fall  of  16.90  feet.  A  dam  at  the  fish-trap  shoal  350  feet  long,  with  a  lock  of  16  feet 
lift,  will  fiood  the  entire  obstruction  to  the  proper  depths,    l^our  miles  from  this  is 

Mathew's  Fish-trap  Dam. — This  is  a  ledge  of  rock  with  about  4  feet  of  water  on  it^ 
The  fish-trap  dam  should  be  removed  and  tbe  ledge  deepened.  This  requires  the  re- 
moval of  88  cubic  yards  of  rock.     For  12  miles  there  is  good  water  to 

Jones's  Ferry. — This  shoal  is  distributed  over  1,200  feet.  It  consists  really  of  3  slioalfl^ 
with  deep  water  between  them.  The  first  is  at  Jones's  gin-house.  The  river  here  ia- 
420  feet  wide,  with  a  fall  of  2.30  feet.  The  water  above  tne  ledge  is  15  feet  deep,  and 
by  removing  part  of  the  ledge  the  trouble  can  be  cured.  There  is  6,300  feet  of  deep 
water  below  this  to  the  second  h-dge.  Here  there  is  a  fall  of  0.55  foot,  with  4  feet  of 
water  above  and  5  feet  below  it.  There  is  4,600  feet  of  deep  water  between  this  and 
the  third  ledge.  Tlurc  is  a  fall  here  of  0.30  foot,  the  river  being  260  feet  wide.  Deep- 
ening the  channel  over  these  le<lgca  is  all  that  is  needed,  and  this  can  bo  done  by  the 
removal  of  2,620  cubic  yaixls  of  rock.    Ten  miles  below  this  is 

Island  Shoal. — This  slioal  l^as  a  fall  of  9  feet,  distributexl  over  5,000  feet.  The  river 
is  froni  400  to  800  fi'.et  wide,  the  channel  being  divided  Uy  two  islands.  A  dam  below 
the  lowest  reef,  500  feet  long,  with  lock  of  9  feet  lift,  will  pond  the  entire  shoal.  Six 
miles  from  this  is  the  beginning  of 

Hosxvdl  Shoal. — 10,400  feet  below  the  bead  of  the  shoal  is  Kelpin's;  the  river  in  this 
distance  has  a  fall  of  13.28  feet  and  averages  about  600  feet  in  width,  A  dam  600  feet 
long  should  be  placed  here,  with  a  lock  of  12  feet  lift.  From  Kelpin's  to  the  foot  of 
Buirs  Sluice  is  nearly  2  miles.  The  river  between  these  points  varies  greatly  in  widthy 
the  channel  being  divided  by  many  small  islands.  There  is  a  fall  of  nearly  40  feet  in 
this  distance,  and  the  only  improvement  practicable  is  by  ponding.  This  can  be  don# 
by  a  (lam  at  the  head  of  Bull's  Sluice  400  feet  long,  with  lock  of  10  feet  lift.  Three 
thousand  feet  below  tliirt,  another  dam  050  feet  long,  with  lock  of  15  feet  lift,  and 
another  dum  at  the  lower  end  of  the  sluice  500  feet  long,  with  lock  of  15  feet  lift 
This  will  pond  the  entire  shoal.     The  next  obstruction  is  known  as 

Cochran^s  Shoal. — No  work  will  be  needed  here,  as  a  dam  at  the  upper  end  of  what 
is  known  as  the  Devil's  Race  Course  will  flood  it.  The  next  shoal,  2  miles  below  thia^ 
is  called 

The  IkviVs  Race  Course. — The  river  here  is  450  feet  wide,  with  a  fall  of  19.95  feet^ 
measuring  from  the  head  of  Cocbran's  Shoal.  A  dam  just  below  the  first  fall,  with  ft 
lock  of  12  feet  liff,  will  flood  Cochran's  Shoal.  Another  dam  at  the  lower  end  of  the 
course  will  flood  the  whole.  This  dam  will  be  456  feet  long,  with  a  lock  of  13^  feet 
lift.     About  one  mile  below  this  is 

IHmpsey's  Ferry. — The  river  here  is  300  feet  wide  and  the  shoal  5,200  feet  long,  witk 
a  fall  of  10  feet.  A  dam  300  feet  long  with  lock  of  10  feet  lift  will  be  necessary.  The 
next  shoal  is  found  jnst  below 

Pac^f's  Ferry. — The  river  here  is  300  feet  wide,  filled  with  sunken  reefs,  and  has  a  fall 
of  6.50  feet  in  4,2()4  ffc^t.     It  will  need  a  dam  300  feet  long,  with  a  lock  of  6^  feet  lifU 

Buzzard^s  Boost  is  the  next  obstruction.  The  river  is  379  feet  wide,  the  shoal  con- 
sisting of  a  reef  20  feet  long.  This  should  be  removed,  involving  88  cubic  yards  solid 
rock  excavation.     The  next  obstacle  is  known  as 

l)e  Four's  Ferry. — This,  like  Buzzard's  Koost,  is  simply  a  narrow  reef,  through  which 
the  channel  should  be  deepened.     The  removal  of  88  cubic  yards  of  rock  will  do  thia. 

The  estimated  cost  of  the  foregoing  work,  exclusive  of  excavations  for  iock-chani> 
hers  and  approaches,  is  $255,901.34.  Add  to  this  for  excavation  as  above,  engineering^ 
and  contingencies,  30  per  cent.,  $76,770.40,  and  we  have  $332,671.74  as  tne  entire  co3 
of  the  work. 

From  this  point  to  the  WeateTn  a\id  Atlantic  Railroad  Bridge  no  work  is  needed. 
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This  BMtion  is  alioiit  108  milos  loug,  with  an  aggregate  fail  of  172  feet.  Deduct  ftoin 
Ihia  35.5  feet  to  !><>  profiiled  fcir  b;  liKiks,  and  1.-^  feel  ruprfsoats  the  fall  per  mile,  in- 
eladiog  bIiouIm.  Deduct  tlie  sum  of  the  fbll  at  theae  shoalij,  aad  we  have  an  averaue 
of  only  .401  of  afoot  as  the  full  per  mite  over  the  balance  of  the  river.  The  sum  of  the 
alioaU  in  lesa  than  10  milt«  in  tbia  seotioo,  there  being  99  miles  of  cnod  water  Uiat 
needs  no  improvement.  The  river  bed  hero  ia  very  unifurai,  aliont  300  feet  wide  at 
the  watur  surface,  nilli  liigb  banka  and  bottom  of  rock.  There  are  no  sand-baiB, 
■nags,  or  other  obHtocles,  except  those  namisl  Udow,  and  the  navigalion  ma;  be  per- 
manently impriivcd. 

The  Hrat  ithoal  U  about  6  miles  below  the  railroad  brid^,  and  ia  known  as 

Grrene  and  Pop^f  i?ioa).— The  river  here  is  250  feet  wide,  the  ahoal  a  sncoossioo  of 
Hok  rwfs,  and  1,677  feet  long,  with  a  full  in  tltut  diHtauun  of  1.25  feet.  The  channel 
■OTOse  the«e  reefs  needs  deepening  and  widvniug.  This  can  be  done  by  the  removal 
of  1,000  cuhio  yards  of  rook.    Nine  mUes  below  this  b 

AiutetPa  Shoal.— The  river  is  250  feet  widi',  with  a  fall  of  only  0.62  foot  in  719  feet. 
The  ohstniutiun  couHiitt«  of  doitow  reef^  over  which  a  l^hannel  Bhinihl  he  excavated. 
Thereiuovalof919euhie  vards  of  rock  will  do  this.    About  10  miles  below  AiiBteil's  is 

"  Rai  Man's  "  ShoaL—The  river  here  widens  from  300  feet  to  500  foct,  with  a  fall  of 
0.85  foot  in  1,616  feet,  tlie  ohetractiou  being  similar  to  the  two  preoudiug  shoals.  The 
Temoveal  of  150  cubic  yorda  will  give  the  required  channel.  About  7  milea  below 
this  is 

Medrrit  S-Aoof.— The  river  here  varies  from  500  feet  to  600  feet  wide.  The  shonl  con- 
sists of  narrow  ree&,  extending  over  7,367  feet,  with  au  aggregate  fall  of  SAi  foot. 
Between  these  rsefa  there  are  pools  of  deep  water  with  a  gentle  onrrpnt.  A  good 
channel  may  he  secured  by  excavating  a  part  of  these  reefs  and  the  construetlon  of 
three  wing-datns,  one  below  each  of  these  obstacles.  This  would  require  600  cnbio 
yards  of  iMcavation  and  750  onbic  yards  of  win^-dam.     Eight  miles  helow  this  is 

Jaipur  SewtlPi  Island. — Thechanael  here  is  divided  by  Sewell'a  Island,  the  left  hand 
being  100  fret  and  the  riuht  ^0  feet  wide.  The  best  channel  is  in  the  right-hand 
channel.  This  shoal  is  3,084  feet  long,  with  a  fall  of  2.48  feet.  The  loft-hand  channel 
should  be  closed  by  a  nibble-dam  at  the  bead  of  the  islaml.  The  removal  of  1,211 
enbic  yards  of  rouk  from  the  other  cfaaunel  will  give  tbo  regiiired  depth.  About  1 
miles  belon  this  ia 

Bridge  SluMtl,  at  the  crossing  of  the  Grifflo  and  North  Alabama  Kailroad.  The  river 
here  is  375  feet  wide,  the  obatrnctionB,  consisting  of  sonie  narrow  reefs,  eiteuding  over 
300  feet  and  with  a  fall  of  0.40  foot.  The  removal  of  100  oiibio  yarda  of  rock  wiH  give 
snfBcient  channel.    Three  miles  below  this  ia 

Carter's  Xkoal. — A  amall  island  divides  the  channel  here,  which  widens  out  fi'oin  300 
to  400  fivt,  with  a  fail  of  0.51  foot  m  7tf2  ieel.  The  best  water  ia  found  near  tbo  right, 
between  the  ialonit  and  the  shore.  This  channel  is  obstracted  by  some  narrow  reefs, 
Kud  requires  the  removal  of  100  cubic  yards  of  rock.     One  mile  below  this  is 

"  Bull's- Sluiee^'  No.  9, — This  shoal  cousists'of  some  narrow  reefs.  It  ia  287  feet  lung, 
with  1.70  feet  fall.  The  removal  of  322  cubic  yards  of  lock  from  the  beat  channel  over 
these  reefs  will  give  the  required  depth.  Oae  mile  below  this  is 
I  Semp's  SAoal.— The  river  here  is  575  feet  wide,  with  0.87  foot  Mi  in  500  feet.  The 
ebetructiou  is  caused  by  reefs  with  from  Ito'i  feet  of  water  on  them.  The  deepen- 
ing and  widening  of  the  present  chaanel  ia  all  that  is  needed.  This  can  he  aeuom- 
pliahed  by  the  removal  of  100  cubic  yards  of  rock.     The  next  shoal  is 

Jfa/NjoaA's.— The  river  here  suddenly  widuns  &om  200  feet  to  1,200  feet,  with  7.24 
feet  fall  in  3,790.  At  the  upper  end  of  the  shoal  it  will  be  necessary  to  excavate  a 
ebannel  through  the  reef;  444  cnbic  yards  of  rock  mnst  be  removed.  The  remainder 
id  the  shoal  can  bo  flooded  by  raisine  the  dam  at  Hollingswortb's,  3  milea  below. 

HoUingsiPorlli's  ifill. — The  river  below  the  shoal  is  400  feet  wide,  the  shoal  750  feet 
long,  with  a  fall  of  3.51  feet.  By  raising  the  dam  and  closing  It  with  a  lock  of  10  feet 
lift  both  shoals  will  be  flooded.     Three  miles  lielow  ia  another 

Shoat,  name  not  known.  The  river  here  is  from  500  feet  to  700  feet  wide,  with  2.49 
ftet  fall  in  1,735  feet.  The  best  water  is  near  the  right  bank.  The  channel  should  be 
contracted  by  a  wing-dam,  extending  from  aome  exposed  rocks  in  the  river  bed  to  the 
left  bank  and  the  widcnlog  of  the  passage  through  the  reef.  This  will  rrquire  600 
onbio  yards  of  excavation,  and  550  yanls  of  winf-dam,     One  mile  below  this  ia 

Hater's  Sftonl.— The  river  here  ia  GOO  feet  wide,  with  1,45  feet  fall  in  590  feet.  To 
give  eolBoient  depth  a  wing~dam  should  be  built  below  the  reef  and  the  channel  above 
eleaned  of  projecting  rocks.  This  requires  444  cnbic  yarda  of  wing-dnms.  About  one 
mile  below  this  is  another 

Shoal,  name  unknown  The  river  here  is  &om  600  feet  (o  700  feet  wide,  with  1.48 
feet  fall  in  963  feet.  The  channel  is  divided  by  an  island,  the  best  water  being  in  the 
left-hand  channel.    A  riibbln-dam,  extending  mto  the  right-band  channel,  should  be 
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plAoed  at  the  head  of  the  island,  so  as  to  increase  the  flow  of  w^ater  in  the  left  ohaa- 
nel.  This,  with  the  removal  of  a  small  reef  above  the  island,  wUl  give  the  needed 
navigation.  Excavation  required  100  cubic  yards  and  350  cubic  yards  for  rabble-dam. 
One  and  a  half  miles  below  this  is 

Bushheiid  Shoal.— The  river  here  is  from  700  feet  to  1,000  feet  wide,  with  5.17  feet  fall 
in  2,1!20  feet.  This  shoal  can  be  flooded  by  water  from  Daniel's  Mill  and  needs  no 
work.    Two  miles  below  this  is 

DanieVs  MilL — The  river  at  the  head  of  this  shoal  is  1,000  feet  wide,  and  300  feet 
Inst  below  it,  with  a  fall  of  8.85  feet  in  5,334  feet.  A  dam  closed  b^  a  lock  of  11  feet 
lift  will  flood  this  shoal  and  Bushhead.    Two  miles  below  the  mill  is 

Tompkins  Shoal— The  river  varies  here  from  300  feet  to  800  feet,  with  0.50  foot  fall 
in  330  feet.  The  obstruction  is  trifling,  and  can  bo  removed  by  excavating  GT  cubic 
yards  of  rock.    One  mile  below  is 

Franklin  Shoal— The  river  is  500  feet  wide,  with  0.80  foot  fall  in  2,014  feet.  Some 
«mall  islands  divide  the  channel,  but  the  best  water  will  be  found  in  mid-river.  The 
removal  of  355  cubic  yards  of  rock  will  give  the  required  depth.  One  mile  below  is 
another 

Shoal  t  or  rather  reef,  name  not  known.  The  river  here  is  700  feet  wide,  with  0.62  foot 
fall  in  760  feet.  The  difliculty  here  is  found  in  some  narrow  reefs  through  which  tJie 
•channel  needs  widening.  The  removal  of  100  cubic  yards  of  rock  will  do  this.  Five 
miles  below  this  reef  is 

Jackson's  Mill  Shoal — This  is  in  reality  two  shoals  about  1,200  feet  apart,  with  deep 
water  between  them.  The  river  at  thp  upper  shoal  is  about  830  feet  wide ;  at  the 
lower  shoal  about  700  feet.  The  fall  at  the  upper  shoal  is  4.73  feet  in  500  feet ;  at  the 
lower  shoal  1.9G  feet  in  1,304  feet.  The  greater,  fall  was  measured  from  the  surface  of 
the  water  in  the  old  mill-dam  at  the  head  of  the  shoal.  This  would  be  very  much 
reduced  by  taking  away  the  dam.  The  improvements  recommended  here  are,  Ist. 
The  opening  of  the  channel  through  the  old  dam  next  to  the  right  bank.  2d.  The 
construction  of  a  wing-dam  below  the  shoal.  3d.  The  construction  of  a  wing-dam  at 
some  point  between  the  head  and  foot  of  shoal.  These  dams,  it  is  believed,  will  regu- 
late the  current  and  give  suflicieiit  depth.  At  the  lower  shoal  the  river  is  divided  by 
a  small  island  into  two  channels.  The  closing  of  the  left-hand  channel  by  a  riprap 
dam  will  be  all  that  is  needed  here.  This  will  require  322  cubic  yanls  of  rock  exca- 
vation, 800  cubic  yards  wing-dam,  and  150  yards  riprap  dam.  Nine  miles  below  Jack- 
son^s  Mill  is 

Swanson^s  Shoal — The  river  here  is  700  foet  wide,  with  a  fall  of  1.72 feet  in  1,422  feet. 
The  obstacle  here  is  caused  by  reefs  which  require  deepening  in  places  1  foot.  To  effect 
this  the  removal  of  333  cubic  yards  of  rock  will  be  necessary.  About  8  miles  below 
Swanson's  is 

Boykin^s  Shoal — The  river  is  900  feet  wide,  the  channel  being  divided  by  small  islands 
or  tow  heads.  There  is  0.87  foot  fall  in  495  feet.  All  that  is  needed  here  is  the  widen- 
ing of  the  natural  channel  through  the  reef.  This  can  be  done  by  the  removal  of  183 
cubic  ^ards  of  rock.  .  The  next  shoal,  4  miles  below,  is  known  as 

Huguley^s  Shoal — The  river  varies  from  600  feet  to  1,300  feet,  the  channel  being 
divided  by  several  small  islands  or  tow  heads.  A  dam,  with  a  lock  of  8  feet  lift,  is 
recommended  as  the  necessary  improvement  here.     One  mile  and  a  half  below  is 

FotVs  Shoal, — The  fall  is  5.06  feet  in  3,635  feet,  but  as  the  channel  is  deep  and  straight 
it  is  believed  that  no  serious  difficulty  will  be  experienced  by  boats  X)a8sing  it.  The 
present  channel  should  bo  cleaned  and  widened,  and  this  will  involve  the  removal  of 
509  cubic  yards  of  rock.     Five  miles  below  is 

West  Point  Shoals^  near  the  town  of  West  Point.  The  river  here  is  500  feet  wide, 
with  a  fall  of  1.78  feet  in  2,955  feet.  The  obstructions  here,  like  many  that  are  called 
shoals  on  this  part  of  the  river,  consist  of  narrow  reefs  with  deep  water  between 
them.  There  being  but  little  fall,  the  excavation  of  a  passage-way  sufliciently  deep 
is  all  that  is  needed,  and  this  generally  can  be  effected  by  deepening  the  natural  chan- 
nel 1  foot.  In  the  present  instance  the  removal  of  333  cubic  yards  and  the  construe 
tion  of  300  yards  of  wing-dam  below  the  shoal  is  all  that  is  needed. 

This  completes  the  shoals  and  obstnictions  in  the  2d  Section,  which  you  will  find 
by- 
Estimate  sheet  No.  2  will  cost 1141, 979  20 

Add  to  this  20  percent,  for  contingencies 28,394  04 

and  we  have 170,364  24 

as  the  cost  of  the  proposed  improvement. 

SECTION  III 

embraces  that  portion  of  the  Chattahoochee  between  West  Point  and  Columbus,  and 
is  33  miles  long,  with  a  measured  fall  of  318.31  feet.  For  about  one-half  this  distance 
the  water  is  of  sufficient  depth  with  a  moderate  current,  there  being  deep  and  onob- 
stmcted  pools  from  ^  mile  to  4  miles.  The  river-bed  in  many  places  is  veiy  wide^ 
dotted  by  namerouB  islanda.    Belween^iVie^^ivttnQ'w^and  sometimes  deep,  channels 
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fiud  their  way.  These  channels  over  two  of  the  longest  shoals  can  be  converted  into 
foniuiodioas  canals  by  constructing  danis  between  the  islands  that  f jrin  them,  thus 
making  a  continuous  channel  or  canal  in  which  locks  may  be  placed  at  proper  inter- 
vals. There  is  an  abundance  of  the  best  material  at  hand  for  the  construction  of  such 
works  as  are  needed.     From  West  Point  to  what  is  known  as 

William  Todd's  Shoal^  a  distance  of  3  miles,  there  is  good  water,  with  the  exception 
of  one  narrow  reef.  Todd's  Shoal  is  650  feet  lone,  with  2  feet  at  low-water  in  mid- 
channel,  and  requires  deepening  one  foot.  To  do  tnis,  1,444  cubic  yards  of  rock  must 
be  removed.     From  this  shoal  to 

Jack  Tod(V8  Shoal  is  about  1  mile,  the  water  being  good,  with  a  gentle  current. 
P^rom  the  head  of  Jack  Todd's  Shoal  to  the  reef  below  Mouston^s  Ferry  is  7^  miles,  with 
an  aggregate  fall  of  51.31  feet.  As  the  whole  distance  requires  work  of  some  descrip- 
tion, it  will  be  considered  as  one  shoal.  The  river  here  varies  from  600  feet  to  I  mile 
in  width,  the  channel , being  divided  by  nnmerous  islands.  The  banks  are  high  and 
formed  of  rock,  and  so  are  the  islands.  From  the  head  of  the  shoal  to  Chattahoochee 
Factory  is  6,600  feet.  The  channel  here  follows  the  right  bank,  ^nd  is  sufficiently 
deep,  except  at  Todd's  Old  Gin  Houses  where  there  is  a  reef  with  1  foot  at  low-water. 
A  channel  should  be  excavated  here  500  feet  long  and  2  feet  deep ;  2,400  feet  below 
this  is  another  reef  100  feet  long,  with  2  feet  at  low-water,  but  this  will  be  Hooded  by 
the  proi)osed  dam  at  the  factory.  From  this  point  To  the  factory  it  follows  the  right 
bank  through  the  pond  formed  by  the  factory-dam.  This  dam  is  200  feet  long,  and  is 
nearly  i)arallel  with  the  shore,  inclosing  about  i  of  the  water-surface  of  the  nver.  It 
is  proposed  to  raise  this  dam  2  feet,  and  extend  it  600  feet  by  a  daln  6  feet  high,  clos- 
ing it  by  a  lock  at  the  factory  9.23  feet  lift.  For  3,600  feet  below,  the  channel  follows 
the  right  bank  throuicli  a  natural  canal  formed  by  islands.  This  channel  is  about  250 
feet  wide,  and  is  sumciently  deep,  except  at  two  points.  The  first  of  these  is  about 
1,000  feet  below  the  factory,  and  consists  of  a  reef  25  feet  long  and  2  feet  deep.  It 
needs  deepening  1  foot  by  the  removal  of  55  cubic  yards  of  rock.  The  second  reef  is 
t2,400  feet  below  the  factory.  This  reef  is  100  feet  long,  and  2  feet  deep  :  the  removal 
of  444  cubic  yards  will  deepen  it  sufficiently.  From  me  end  of  Island  No.  3  to  Tur- 
key Island  there  is  a  shoal  1,000  feet  long  with  2  feet  of  water  on  it.  It  is  proposed  to 
construct  a  crib-dam  from  the  upper  end  of  Turkey  Island  to  the  head  of  this  shoal — 
600  feet  long  and  6  feet  high.  When  the  dam  at  the  factory  is  raised,  this  will  flood 
the  shoal  to  the  required  depth.  From  this  reef  to  the  Georgia  and  Alabama  Factory — 
7,800  feet — there  is  a  good  channel  formed  by  Turkey  Island  and  Canipbeirs  Island. 
This  is  about  200  feet  wide.  A  dam  100  feet  long  connects  these  islanas.  This  dam 
should  be  raised  2  feet.  The  dam  at  the  factory  should  also  be  raised  2  feet,  and  closed 
by  a  lock  of  14  feet  lift. 

For  2,400  feet  below  the  factory  there  is  a  narrow  channel  formed  by  ffodg^a  Island. 
A  channel  must  be  excavated  here  4  feet  deep  and  60  feet  wide  and  2,000  feet  long, 
making  17,777  cubic  yards  of  rock.  From  Hodge's  Island  the  channel  follows  the  right 
bank  to  the  lower  end  of  Johnson's  Island,  13,000  feet.  The  channel  here  varies  from 
400  feet  to  800  feet  wide,  with  water  sufficiently  deep,  except  at  the  reefs  named  be- 
low. 'J'he  lirst  of  these  is  2,600  feet  below  Hodge's  Island.  This  reef  is  about  100  feet 
long,  2.3  feet  deep,  and  requires  the  removal  of  155  cubic  yards  of  rock.  The  next  is 
600  feet  below  this.  It  is  100  feet  long,  and  requires  an  average  deepening  of  30  inches. 
The  removal  of  66  cubic  yards  of  rock  will  do  this.  Eighteen  nundred  feet  below 
tliis  there  is  a  successicm  of  reefs  with  deep  water  between  them,  extending  for  800 
feet.  The  channel  here  should  be  deepened  1  foot,  requiring  the  removal  of  1.777  cubic 
yards  of  rock.  Twenty-five  hundred  feet  below  this  there  is  another  reer,  100  feet 
long,  2  feet  deep,  and  requires  the  removal  of  222  cubic  yards  of  rock  to  give  it  the 
ne(?e«sary  depth.  Two  thousand  feet  further  there  is  another  reef,  100  feet  long,  1  foot 
deep,  and  requires  the  removal  of  444  cubic  yards  of  rock;  5,000  feet  below  this,  a 
dam  670  feet  long,  with  lock  of  10  feet  lift,  will  flood  all  the  intervening  reefs  and  give 
a  good  channel.     This  dam  should  be  placed  about  100  feet  above  Houston's  Ferry. 

Eight  hundred  feet  below  the  ferry  there  is  a  reef  200  feet  long  and  1.5  feet  deep. 
The  removal  of  666  cubic  yards  of  rock  will  give  the  proper  depth. 

Below  this  reef  there  is  good  water  for  three  miles.  Here  there  is  a  fall  of  four  feet 
in  1,000  feet.  A  wing-dam  800  feet  long  pla<jed  below  this  shoal  will  give  sufficient 
depth. 

At  the  head  of  Hargett's  Island  the  right-hand  channel  should  be  closed  by  a  dam 
1,000  feet  long  and  6  feet  high,  so  as  to  concentrate  the  water  in  the  left-hand  channel. 
At  the  lower  end  of  Hargett's  Island  a  dam  300  feet  long,  with  a  lock  of  8  feet  lift,  will 
be  needed.  This  island  snould  be  connected  with  Cook's  Island  by  a  dam  2,300  feet  long 
and  averaging  8  feet  high.  This  would  make  a  continuous  canal  behind  these  islands. 
A  dam  should  be  placea  in  this  passage  at  the  head  of  Cook's  Island  closed  by  a  lock 
12.70  feet  lift.  From  this  point  the  route  passes  between  Cook's  Island  and  the  left  bank. 
Two  thousand  and  four  hundred  feet  below  the  first  dam  there  should  be  another  dam 
100  feet  long,  with  lock  of  10  feet  lift.  Two  thousand  and  eight  hundred  feet  below 
this  there  should  be  another  dam  200  feet  long,  with  lock  of  10  feet  lift.    Two  thi>u- 
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sand  and  two  hundred  fcot  below  tbis,  a  dam  100  feet  long  connecting  Round  Island 
witb  the  shore,  with  lock  of  10  feet  lift. 

Cook's  Island  should  be  connected  with  Bound  Island  by  a  dam  300  feet  long  and  10 
feet  high.  Nine  hundred  feet  below  Round  Island  there  is  a  small  wooded  island. 
This  should  be  connected  with  Round  Island  by  a  dam  6  feet  high.  Just  below  the 
head  of  this  island  a  dam  200  feet  long,  with  lock  of  8.30  feet  lift,  will  be  needed. 

For  1,000  feet  below  this  lock  there  is  a  good  channel  100  feet  wide,  which  extends  to 
the  end  of  the  island.  The  route  then  enters  the  river,  which  is  1,300  feet  wide ;  4,000 
feet  below  this  it  suddenly  contracts  to  600  feet,  with  a  fall  of  15  feet  in  this  distance. 
Here  a  daiQ  600  feet  long,  with  a  lock  of  15  feet  lift,  will  be  recjuired.  Thirty-five  hun- 
dred feet  below  this  a  daui  700  feet  long,  with  lock  of  16  feet  lift,  will  be  needled.  This 
will  pond  the  water  to  linlVs  Sluice  No.  3,  giving  sufficient  depth.  For  5,200  feet  the 
river  now  is  1,100  feet  wide,  with  10  feet  fafi.  A  dam  1,400  feet  long,  with  a  lock  of  10 
feet  lift,  will  pond  this.  From  this  point  for  a  half  mile  there  is  good  water.  Here 
TaU^s  Shoals  begin.  The  river  varies  from  700  feet  to  600  feet  in  width.  Thirty-six 
hundred  feet  from  the  head  of  the  shoal  the  fall  is  10  feet,  and  here  a  dam  must  be 
placed  1,400  feet  long,  with  lock  of  10  feet  lift.  Eight^^n  hundred  feet  l>elow  thia  a 
second  dam  1,000  feet  long,  with  a  lock  of  12  feet  lift,  will  be  re<^nired.  These  two 
dams  will  pond  this  shoal,  which  has  a  fall  of  22  feet  in  about  a  mile.  From  thia  for 
about  one  mile  there  is  good  water  to  Mttlberrt/  Creek  ^Shoal.  The  river  here  ia  1,000 
feet,  with  a  fall  of  30  feet  in  two  miles.  This  shoal  will  require  two  dams,  each 
1,000  feet  long,  with  locks  of  15  feet  lift.  There  is  good  water  now  for  four  miles, 
with  the  exception  of  one  reef  about  50  feet  long,  which  has  about  two  feet  water  on 
it ;  222  cubic  yards  of  excavation  will  give  the  sufficient  depth.    The  next  shoal  ia 

"  Standing  Boy." — This  is  a  reef  1,000  feet  long,  with  2  feet  water  on  it.  The  removal 
of  2,000  cubic  yards  of  rock  will  give  the  proper  depth.  The  river  here  is  1,400  feet 
wide.  From  **  Standing  Boy"  to  Columbus  Shoal,  or,  as  it  is  more  commonly  called, 
Coweta  Falbtj  there  is  about  i  mile  of  good  water.  Here,  in  a  distance  of  12,800  feet, 
we  have  a  fall  of  80  feet.  Thirty-six  hundred  feet  from  the  head  of  the  shoal  a  dam 
2,000  feet  long^  with  lock  of  16  feet  lift,  should  be  placed.  Below  this  dam  the  river 
is  1,800  feet  wide,  the  channel  being  divided  by  large  rock  islands.  The  best  channel 
will  be  found  near  the  right  bank ;  1,200  feet  below  the  first  dam  a  second  dam  ahonld 
be  bnilt,  400  feet  long,  with  lock  of  16-feet  lift.  This  dam  is  to  be  connected  with  the 
first  fall  by  a  wing-dam  1,000  feet  long  and  14  feet  high ;  3,000  feet  below  thia  a  third 
dam  will  be  necessary.  This  dam  will  be  1,560  feet  long,  with  lock  of  16  feet  lift ; 
1,600  feet  from  this  the  fourth  dam  should  be  located.  This  dam  will  be  600  feet  long, 
with  lock  of  16  feet  lift ;  3,500  feet  from  this  a  dam  600  feet  long,  with  lock  of  16  feet 
lift,  will  complete  the  work.  Four  thousand  two  hundred  feet  below  the  third  dam 
there  is  a  mill-dam.  A  lock  of  7  feet  lift  should  be  placed  in  this  dam.  Three  thou- 
sand seven  hundred  feet  fi'om  this  is  the  dam  of  the 

Eagle  and  Phwnix  ManufactuHng  Company. — A  lock  should  be  built  in  this  of  16  feet 
lift.  Sixteen  hundred  feet  below  the  factory-dam  another  dam  will  be  needed  to  flood 
the  end  of  the  shoal ;  the  lock  here  would  have  a  lift  of  16  feet. 

This  brings  us  to  the  head  of  navigation,  the  surface  of  the  wat^r  being  239  feet 
above  tide,  according  to  the  data  furnished  me  by  Col.  L.  P.  Grant,  chief  engineer  and 
general  superintendent  of  the  Western  Railroad. 

You  will  find  by  estimate  sheet  No.  3,  herewith  submitted,  that  the  cost  of 
the  work  completed,  with  dams  and  locks  of  the  size  and  character  de- 
scribed in  this  report,  and  a  chaunel  60  feet  wide  and  3  feet  deep  at  ex- 
treme low-water,  will  be $635, 563  .'WJ 

Engineering  and  contingencies,  30  per  cent,  added 190, 669  06 

Making  a  total  of 826,232  62 

No  estimates  could  be  made  for  excavating  lock  chambers  and  approaches,  and  the 
per  cent,  for  contingencies  was  therefore  largely  increased. 

We  have  for  improving  the  Ist  section,  cost -  $332, 671  74 

AVe  have  for  improving  the  2d  Kection,  cost 170,364  24 

We  have  for  improving  the  3d  section,  cost 826, 232  62 

Total 1,:J29,268  60 

When  we  consider  the  number  of  pcoi)le  to  be  benefited  by  this  improvement  and 
the  important  interests  that  will  be  served  by  opening  the  river,  the  amount  seems  in- 
significant con)pared  with  the  results  to  be  obtained. 

The  a<!conipauyiiig  maps,  plans,  and  tabular  statements  will  furnish  you  the  neces- 
sary details. 

My  thanks  are  due  to  the  persoiiR  employed  in  the  field,  including  Mr.  R.  M.  Clay- 
ton, Mr.  Henry  L.  Collier,  and  Mr.  Horace  Bra<lley. 
Very  respectfully,  your  obedient  servant, 

B.  W.  Frobel, 
Mai.  W.  R.  King,  Assistant  Engineer, 

Corps  of  Eng'xnctvz. 
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Atlasta,  Ga.,  Juitr  23,  1679, 
Si8-.  1  have  tbo  liouor  tn  siibniit  hercirith  m;  report  on  the  oxainiuatiou  iind  survojr 
4if  the  Chattahoochee  River,  fnun  Thompson's  Bridge,  live  miles  fhiui  GaioesvUlo, 
Hall  Count;,  to  Columbus,  Ga.,  tbo  present  head  of  Hteumboat  nuvi|{atioii. 
*  In  oliedience  to  orders  rcL-oived  from  M^j.  W.  R.  King,  United  Statea  Corps  of  KagU 
neers,  1  left  Cluittatiougii,  Teoii.,  December  2fl,  ItJTS,  for  Atlanta,  and  reported  to  you 
the  same  day,  and  at  ouou  proceeded,  nuder  your  diruotiuiu,  tu  prepure  the  necessiir; 
DutBt  and  organixe  a  partjr.       •       •       • 

Estimates  wore  rei|Uirod  to  bu  made  on  the  baais  of  a  (iO>foot  clioiuiel  aod  3  feet 

My  inBtriictions  directed  tbnt  soimdioga  lie  taken  the  entire  ront«,  and  nlierever  oli- 
Btructions  occurred  a  line  ta)|[ged  at  ever;  'iO  feet  waa  to  be  Btretohed  luid  souudliiKM 
talceu  every  100  feet  or  lexs,  as  the  nature  of  the  obBtrnctionB  rcMfQired.  I  waa  alwi 
dinuited  to  nioiutura  tlie  velocity  of  the  current  at  each  slioal,  aseertaiu  the  volume  of 
wat«r  at  favorable  points,  and,  when  practicable,  make  geological  seutionK,     •     •     • 

Owing  to  the  unpreoeileuted  cold  weatber  for  this  ollmate,  and  tbo  river  being  fro- 
zen over,  active  fteld  i>pemtion«  were  not  begun  nntil  Jnuuary  S,  except  to  transfer 
the  levels  from  the  dei>ot  at  Gainesville  to  Thuuipson'ii  Bridge,  starting  with  an  eleva- 
tion of  wan  feet  above  tide- water,  oa  detJsrminBtt  bv  the  railroad  snrvey  for  tbia  point. 

Low-wat«r  at  Thompson's  Bridge  was  lUHsorlaiuaa  to  be  989.02  feet  above  tide. 

Several  of  the  railrnads  entering  Atlanta  either  cross  or  appioaoh  near  the  Chatta- 
hoochee, and  as  their  profiles  ore  all  based  on  the  elevation  of  Atlanta,  which  is  1,050 
feet,  this  furnished  a  convenient  means  of  oacertaiuing  the  inclination  of  the  river  be- 
tweeu  the  limits  of  this  snrvey,  us  well  as  other  important  paints  along  the  route- 
The  distances  were  obtained  by  uotnol  measurements  and  by  land  lotB,  and  are  be- 
lieved to  be  appTOEi mutely  correct.  The  survey  was  begun  at  an  unfavorable  seoaou 
"~  procure  accurate  data,  owing  to  frequent  rises  this  time  of  the  year.   On  the  brcak- 


iUK  up  of  the  freeze  the  river  rose  14  feet  in  twelve  hours  at  Thom|>sou'8  Bridge,  and 

fell  iu  twoDty-fonr  hours  sufllcient  t«  admit  of  beginntuR  the  sorroy,         ■         ■         • 

The  survey  reached  West  Point,  108  miles  from  the  IVestem  aud  Atlantic  Railroad 


Bridge,  by  April  10,  and  from  thence  was  putdied  on  to  Columbus. 

Betweeu  these  jioint*  it  was  not  of  sncb  a  detailed  nature  as  to  admit  of  making  oi 
eurate  estimates,  but  was  conducted  more  with  a  view  to  aid  iu  future  examinatioiii 

vigatioii  at  Colun 


From  Thompson's  Bridge,  whore  the  snrvey  began,  the  Chattahoouhee  (lows  in  a  gen- 
eral BOutliwest  course  along  a  narrow  valley  that  marks  the  inetamnrphic  formation, 
until,  reaching  West  Point,  it  tnms  a  litfle  southeast  and  forces  a  passage  throash  the 
Chattahoochee  Ridge  at  Pine  Mountain,  and  by  a  contiunous  series  of  rapid  falte  over 
granite  ledges  it  enters  the  Post-tertiary  formation  at  Columbus,  the  present  head  of 
steamboat  navication,  aud  is  then  navigable  for  400  miles  to  Apalachioola  for 
steamers  of  130  feet  length,  36  feet  width,  drawing  from  3|  to  3  feet  of  water,  with  a 
oapacity  of  from  450  to  750  bales  of  cotton.  The  topographical  features  do  not  greatly 
vary  from  Thompson's  to  West  Point,  and  present  remarkably  favorable  features  to 
permanent  im))rovement.  Where  no  obstructions  occur  the  river  presenls  a  beautiful 
appearauce,  a  gentle  current,  banks  uniform  and  hii;h,  well  protected  by  aquatic  trees, 
such  as  willow,  teed,  birch,  A.O.  Wherever  the  hills  recede  ftwm  the  river  they  give 
ptaue  to  bottomlands  which  are  in  a  high  state  of  cnltivation;  when  the  hilla  approach 
nu  one  side  or  iioth,  they  generally  bring  bars  and  ledges  cooiposed  of  granite,  gneiss, 
quartztte,  dolorite,  and  other  stooes,  which,  barring  the  possngeof  the  water,  the  river 
outs  out  a  channel  on  the  weaker  side,  widoniug  its  bed  and  reducing  the  depth  of 
— '—      ' 3  the  obstmctiouB  are  overcome  the  river  aasnmes  its  natural  width. 


The  water  is  generally  Bufficlontly  deep  above  aud  below  the  bars  or  ledges.  Where 
tliese  obstnictious  occur  many  islaods  are  Bometimes  formed,  with  several  channels; 
these  islands  vary  in  Hize  from  the  small  "  tow-biiad  "  to  700  or  600  acres,  and  are  fre- 
qnently  oovered  with  origioat  forest,  and  generally  present  favorable  features  for  im- 
provement. Sometimes  the  river  is  bill-bound  on  both  sides  with  perpendicular  rock 
cUSs,  as  is  the  case  between  KoBwell  and  Atlanta,  and  the  fall  is  very  great,  current 
rapid,  and  chauuol  filled  with  projecting  rock,  and  the  river  alternately  expands  and 
contracts  to  unusual  dimensions.  From  Thompson's  Bridge  to  Western  and  Atlantic 
Bailroail  Bridge,  a  distance  of  73  miles,  there  is  a  fall  of  227  feet.  Tbero  is  in  this 
distance  about  35  miles  of  good  water,  free  from  obstructions,  varying  iu  ileiitb  from 
31  to  10  feet ;  at  low-water,  width  of  river  f^m  200  to  350  feet.' 

more  or  leas  interfering  rock, 

is  eoiDposed  of  an  irregular 

le  surface.     From  Roswellto 

B  100  feet. 


sri^ 
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On  reaching  the  Western  and  Atlantic  Railroad  Bridge  the  hills  disappear,  and  give 
place  to  wide,  fertile  bottoms ;  the  river  has  a  uniform  width  of  250  to  300  feet,  with 
moderately  rapid  cnrrent,  and  no  very  serious  obstacles  until  reaching  Campbelltou^ 
a  distance  of  22  miles. 

Ledges  cross  the  river  at  every  few  miles,  but  from  2  to  3  feet  water  can  generally  , 
1)e  obtained;  the  banks  are  high,  even,  and  well  protected,  and  there  is  only  one  island. 
After  leaving  Campbollton  the  country  becomes  more  broken,  and  after  passing  Coweta 
County  line,  a  distance  of  about  43  miles  from  the  Western  and  Atlantic  Railroad  Bridg(% 
shoals  become  frequent,  and  to  West  Point  there  are  numerous  islands  and  channeLs,. 
and  many  streams  enter,  greatly  incn^asing  the  volume  of  water,  which  was  ascertainecl 
to  be  approximately  3,000  cubic  feet  per  mile  at  ordinary  low-water  in  Heard  County 
land  lot  344. 

In  Troup  and  Heard  counties  there  are  4  mill-dams,  3  of  which  entirely  cross  the 
river,  with  lifts  of  3  to  7  feet,  some  of  which  can  be  utilized  in  improving  the  river. 
From  Iceville  to  West  Point,  a  distance  of  108  miles,  the  fall  is  162  feet,  or  about  H 
feet  per  mile  ;  the  greatest  fall  being  in  Heard  and  Troup  counties,  where  the  country 
is  much  broken.    There  is  one  mill-dam  (Brown's)  in  Hall  County,  of  7  feet  lift. 

Five  miles  below  West  Point,  at  the  Chattahoochee  Cotton  Mills,  there  is  a  dam  par- 
tially across  the  river,  and  about  3  miles  below  this  factory  is  the  (Georgia  and  Ala- 
bama Cotton  Factory,  and  two  dams  across  the  right  channel,  formed  by  Turkey  and 
CampbelVs  islands.  From  this  point  to  Columbus  there  is  a  series  of  continued  and 
rapid  falls ;  the  river  is  a  mass  of  projecting  rock,  with  hundreds  of  islands  and  chan- 
nels, and  varying  in  width  from  a  quarter  to  a  mile  wide ;  the  fall  average  II  feet  per 
mile,  and  is  3G2  feet  in  34  miles ;  the  river  sometimes  contracts  to  unusual  dimensions, 
and  is  then  inclosed  by  solid  rock  walls;  near  Clapp's  Factory,  in  a  distance  of  a  quar- 
ter of  a  mile,  it  contracts  from  a  width  of  half  a  mile  to  90  feet :  the  entire  volume  of 
wat^r  passes  through  this  8][)ace  for  one-half  mile,  and  has  a  fall  of  25  feet  in  300  feet, 
and  about  120  feet  in  five  miles. 

I  do  not  consider  that  this  section  of  the  river  can  be  improved  to  advantage.  OwinK, 
as  has  been  said,  to  the  limited  amount  of  available  funds,  the  survey  was  not  of  sucu 
a  nature  as  to  recommend  any  expenditure  on  this  portion  of  the  river,  except  as  far 
as  the  Chattahoochee  Factory,  5  miles  below  West  Point. 

From  Thompson's  to  West  Point  the  river  flows  over  a  solid  rock  bed ;  there  is 
almost  an  entire  absence  of  sand  and  gravel  bars  ;  timber  and  stone  are  everywhere 
abundant.  Within  the  limits  of  this  survey  the  Chattahoochee  tiows  through  fifteen 
of  the  most  productive  counties  in  Georgia,  which,  with  the  counties  in  Alabama,  ad- 
joining the  river,  gives  an  aggregate  population  of  over  300,000  persons  directly  inter- 
ested in  the  opening  of  the  river  above  West  Point. 

•The  following  is  a  statement  of  agricultural  and  other  resources  of  the  counties 
through  which  the  Cliattahooclie<^  flows,  with  the  acreage  of  improved  and  unimproved 
lands,  with  their  value,  taken  from  the  la^tft-ensuH  reports  and  from  the  State  aud- 
itor's report  for  1877 : 

Number  of  acres  of  improved  land 2, 838, 403 

Value  of  acres  of  improved  land |14, 429, 350 

Number  of  acres  of  unimproved  land 252, 766 

Value  of  acres  of  unimproved  land $112, 168 

Capital  invested  in  cotton  factories $1 ,  760, 750 

Aggregate  value  of  all  property $49, 622, 156 

There  are  12  cotton  factories,  with  80,000  spindles;  242  grain-mills,  134  saw-mills,  1 
foundry,  21  tanneries,  9  carding  machines,  1  pottery,  mostly  situated  on  the  Chatta- 
hoochee or  its  tributaries.  The  unimproved  hinds  ccmsist  mostly  of  original  forest  or 
choice  timber.  This  does  not  include  the  counties  in  Alabama  on  the  line  of  the  Chat- 
tahoochee. 

Agricultural  productions,  as  shown  by  the  census  report  of  1870,  is  as  follows,  viz : 

Value  of  all  farm  products $9,612,247 

Value  of  live  stock $3,645,140 

Number  of  bushels  of  wheat 443,  €90 

Number  of  bushels  of  corn 2, 368, 557 

Number  of  bushels  of  oats ' 250, 094 

Bales  of  cotton 85,000 

Pounds  of  wool 64, 829 

Bushels  of  Irish  potatoes 28, 274 

Bushels  of  sweet  potatoes 325,891 

Pounds  of  butter 744. 03^^ 

(JKOLOGICAL  AND   MINKRAL   ]l?:SOURCES. 

Iti*  geologiral  features  are  entirely  metamorphic  ;  granite,  gneiss,  mica,  schist,  trap 
and  flexible  sandstone  are  the  principal  rocks.     Gold,  asbestos,  copper,  mica,  graph- 
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ite,  irou  ore,  and  other  valuable  minerals  abound.  Gold  is  extensively  mined,  and  a 
large  amount  of  capital  m  invested  in  this  industry.  Asbestos  and  copper  are  also* 
mined.  Timber  consists  of  white  oak,  hickory,  chestnut,  poplar,  lon^-leaf  pine,  and 
many  other  varieties,  and  the  supply  is  almost  inexhaustible,  especially  of  the  latter. 
At  most  of  the  shoals,  especially  above  Atlanta,  gold  is  washed  in  the  dull  season  by 
the  farmers,  who  realize  from  f  1  to  |2  per  day  by  the  pan  process. 

PLAN  OF   IMPROVEMENT. 

The  improvement  will  consist  in  excavating  a  channel  through  the  leilges  and  bars- 
and  removal  of  isolated  and  projecting  rocks  that  interfere  with  navigation,  and  the 
building  of  jetty-dams,  to  contract  the  channel  to  its  normal  width  where  it  ha» 
widened,  and  the  erection  of  locks  and  dams  where  the  fall  is  too  great  to  be  over- 
come by  open-channel  navigation. 

Estimates  are  made  for  crib-dams  with  width  ecjnal  to  height;  locks  150  by  35  feet. 
Estimates  are  made  for  part  masonry  and  i>art  crib-work.  The  accompanying  maps 
and  tables  will  show  the  location  and  estimated  cost  at  each  shoal. 

The  following  table,  No.  1,  shows  the  oscillations  of  the  river  from  Thompson's  to 
Columbus,  velocity  of  current,  volume  of  water,  and  height  of  bridges  above  low- 
water  at  important  points.  Owing  to  the  fact  that  the  Chattahoochee  is  fed  entirely 
by  living  streams,  the  ditference  between  summer  and  winter  low-tide  does  not  greatly 
vary.  The  valley  drained  by  the  Chattahoochee  averages  about  70  miles  wide,  and 
the  fall  is  about  10  feet  per  mile.  The  streams  entering  it  are  short,  and.  flowing  from 
living  springs,  furnish  unlimited  power,  which  the  people  are  not  sl(»w  to  utilize 
where  an  access  to  market  can  be  obtained.  It  is  believed  that  the  opening  of  the 
river  above  West  Point  will  give  a  great  impetus  to  the  building  of  cotton  factories, 
which  has  already  added  so  much  to  the  prosperity  and  wealth  of  West  Point  and  Co- 
lumbus. The  people  along  this  section  are  urgent  in  their  demands  to  have  the  river 
opened  to  navigation.  The  future,  with  a  more  careful  survey,  will  determine  as  re- 
gards the  river  below  West  Point.  The  nature  of  the  river  bed,  the  absence  of  sand 
and  gravel  bars  to  any  great  extent,  the  solid  character  of  its  banks,  and  with  no 
large  tributaries  to  bring  down  drift,  and  being  free  from  ice  in  winter,  are  important 
features  as  regards  the  permanency  of  the  improvement.  Owing  to  the  solid  nature  of 
the  river  bed,  the  cost  of  foundations  will  be  greatly  reduced,  and  this  item  of  cost  can 
frequently  be  entirely  dispensed  Avith;  also  a^n'ons  for  wing  and  jetty  dams,  as  expe- 
rience bus  shown  that  fish-dams  built  of  loose  stones  gathered  from  the  adjacent  farms 
have  stooil  intact  for  many  years.  The  stone  varies  in  degrees  of  hardness  from  a 
close-textured  granite  to  a  coarse  micaceous  gneiss ;  owing  to  its  frequent  shelving 
nature,  can  generally  be  easily  removed.  Much  of  the  stone  is  loose  rock  fallen  from 
the  adjacent  bluffs.  The  water  is  sufficiently  deep  in  many  places  to  allow  the  rock 
to  remain  in  the  river  after  being  broken  olf.  Bateaux  carrying  70  bales  of  cotton  have 
been  run  from  Franklin  to  West  Point;  no  other  boats  have  ever  navigated  this  river 
above  Columbus.  The  section  of  the  river  between  Thompson's  and  Atlanta,  a  dis- 
tance of  73  miles,  will  re(iuire  the  construction  of  12  locks  and  dams,  with  an  aver- 
age lift  of  12  feet,  seven  of  which  will  be  between  Atlanta  and  Roswell.  The  section 
from  Iceville  or  Western  and  Atlantic  Kailroa<l  Bridge  to  West  Point,  a  distance  of  108 
miles,  can  be. economically  and  permanently  improved  at  a  very  moderate  cost  com- 
{>ared  with  the  benefits  that  will  result,  and  will  open  up  a  very  large  section  now  en- 
tirely cut  oif  from  market  facilities.  Many  of  the  farmers,  beiu^  unable  to  procure  a 
market  for  their  grain  production,  have  been  engaged  in  illicit  distilling,  and  the  ex- 
pense to  the  government  in  putting  down  this  nefarious  traffic  would  go  far  towards 
improving  the  river  and  making  good  citizens  of  those  who  are  now  engaged  in  vio- 
lating the  laws.  Four  locks  and  dams  will  be  required  on  this  portion  of  the  river^ 
but  two  of  the  dams  already  constnicted  can  be  utilized  by  slight  repairs  and  the 
eost  greatly  lessened.  In  conclusion,  I  would  state  that  I  think  it  will  be  necessary  to 
have  a  channel  at  least  100  feet  wide.  Estimates  having  been  made  under  your  direc- 
tions, none  accompany  this  report. 

Very  respectfully,  your  obedient  servant, 

D.    L.   SUBLETT, 

Assistant  Engineer, 
Mr.  B.  W.  Frobel, 

Assistant  Engineer, 
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IMPROVEMENT  OF  THE  NAVIGATION  AT  THE  FALLS  OF  OHIO  RIVER — 
SUPERINTENDENCE  AND  MANAGEMENT  OF  THE  LOUISVILLE  AND 
PORTLAND   CANAL. 


RFA'ORT  OF  MAJOR  G.  WEITZEL,  CORPS  OF  EXaiXEERS,  BV1\  MA  J,  GEN. 
U.  S.  A„  OFFICER  IX  CHARGE,  FOR  THE  FISCAL  YEAR  ENDING  JVNE 
30,  1880,  WITH  OTHER  DOCUMENTS  RELATING  TO  THE  WORKS, 


United  States  Engineer  Office, 

Detroit,  Mich.,  July  13,  1880. 

General:  I  have  the  honor  to  transmit  herewith  the  annual  reports 
relating  to  the  river  and  harbor  improvements  under  my  charge,  for  the 
fiscal  year  ending  June  30,  1880. 

Very  respectfully,  your  obedient  servant, 

G.  Weitzel, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers,  U.  S.  A. 


W  I. 

IMPROVEMENT  OF  THE  FALLS  OF  THE  OHIO  RIVER. 

The  past  year  was  quite  favorable  for  the  prosecution  of  this  work, 
and  a  great  deal  of  useful  work  was  done. 

The  water  became  low  in  July,  and  then  again  in  September,  and  re- 
mained so  until  November  17, 1879. 

All  the  fixed  portions  of  the  dam  at  the  head  of  the  falls  were  com- 
pleted, and  the  portions  of  it  and  of  the  apron-dam  at  the  head  of  the 
canal,  which  had  been  previously  built,  placed  in  complete  repair.  The 
foundation  and  abutments  for  the  movable  dam  in  the  middle  chute 
were  completed,  the  boat  for  the  storage  of  wickets,  &c.,  was  built,  the 
movable  dam  itself  was  set  up,  fitted,  and  nearly  completed  at  the  canal- 
shops,  and  considerable  work  was  done  in  blasting  out  dangerous  ob- 
structions in  the  Indiana  Chute. 

The  opening  left  in  the  cross-dam  at  the  head  of  the  falls  in  the  Indiana 
Chute  is  600  feet  long.  The  length  of  this  dam  from  this  opening  to  the 
Indiana  shore  is  210  feet,  and  to  the  apron-dam  at  the  head  of  the  canal 
on  the  Kentucky  side  is  2,532  feet.  The  opening  in  the  middle  chute, 
in  which  the  movable  dam  will  be  placed,  is  300  feet  long. 

1721 


1724     REPORT   OF   THE    CHIEF   OF   ENGINEERS,    U.    S.   ABlfT. 

The  original  estimate  for  this  work  was  $1,243,500.  There  has  been 
allotted  and  appropriated  for  it  as  follows: 

1868,  allotted $85,0(K> 

1869,  allotted 178,200 

1870,  appropriated 450,000 

1871,  appropriated ! 250,000 

1872,  appropriated 300,000 

1873,  appropriated 100,000 

lo75,  ai)propriated 100,000 

Total 1,463,200 

Of  this  amount  $1,448,838.50  has  been  expended. 

The  reasons  for  the  exceeding  of  the  original  estimate  for  this  work 
have  been  given  in  previous  reports. 

During  the  present  year,  if  the  stages  of  water  will  permit,  it  is  pro- 
posed to  place  the  moveable  dam  in  position,  and  with  whatever  fundus 
remain  on  hand  to  continue  the  removal  of  some  of  the  worst  obstruc- 
tions in  the  Indiana  Chute. 

A  thorough  improvement  of  this  chute  would  require  the  removal  of 
about  26,000  cubic  yards  of  rock,  at  a  probable  cost  of  $110,000. 

Mr.  Philip  J.  Schopp,  assistant  engineer,  has  been  in  local  charge  of 
the  work  since  the  death  of  Capt.  A.  N.  Lee,  Corps  of  Engineers,  Octo- 
ber 31,  1879. 

The  work  is  located  in  the  third  collection  district  of  Kentucky.     The  nearest  port 
of  entry  is  Lonisville,  Ky. 
The  amoulit  of  revenue  collected  at  this  port  during  the  fiscal  year  was  $60,123.29. 

The  commerce  and  navigation  of  the  Mississippi  River  and  all  its 
branches  will  be  benefited  by  the  completion  of  this  work. 

Money  statement. 

July  1,  1879,  amount  available l|4<'^,  660  Gil 

J  uly  1,  1880,  amount  expended  during  fiscal  year 211, 304  93 

July  1,  1880,  amount  available 14,361  70 


W2. 

SUPERlNTENDKNCi:,  MANAGEMENT,   AND   REPAIR   OF   THE    LOUISVILLE 

AND  PORTLAND  CANAL. 

During  the  past  year  the  canal  was  open  two  hun<lred  and  ninety-one 
days.  It  was  closed  sixteen  days  for  repairs  and  fifty-seven  days  by 
high-water. 

The  receipts  during  the  year  amounted  to  $55,588.22,  and  the  expendi- 
tures to  $77,106.53.  Of  the  latter  the  sum  of  $44,292.61  was  expended 
on  superintendence,  management,  and  ordinary  repair,  and  $32,003.07 
on  permanent  repairs.    The  cash  on  hand  July  1,  1880,  was  $29,496,65. 

By  act  of  Congress  approved  May  18, 1880,  this  canal  was  made  free 
from  tolls  after  midnight  July  1,  1880. 

By  a  clause  in  the  river  and  harbor  act  approved  June  14,  1880,  the 
balance  on  hand,  after  payment  of  any  existing  liabilities,  collected  here- 
tofore as  tolls  on  the  Louisville  and  Portland  Canal,  or  wluch  may  here- 
after be  so  collected  prior  to  tlie  passage  of  an  act  to  make  said  canal  free 
to  the  public,  is  Jiereby  authorized  to  bo  expended  for  its  improvement, 
provided  such  expeiu\\U\\e  Mi'aU  not  excee<l  $60,000. 
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I  presume,  that  this  means  that  all  of  the  money  on  hand  at  midnight 
on  July  1, 1880,  after  payment  of  any  existing  liability,  if  not  in  excess 
of  $60,000,  may  be  expended  on  the  improvement  of  the  canal. 

I  will  therefore  plaee  the  balance  on  hand  at  midnight  June  30,  1880, 
t.  e.,  $29,496.65,  together  with  the  tolls  that  may  be  collected  on  July  1, 
1880,  to  the  credit  of  the  improvement  of  the  canal. 

The  law  makes  no  provision  for  the  moneys  derived  from  the  four 
other  sources  of  revenue ;  /.  e.,  use  of  dry -dock,  towing,  dredging,  and 
use  of  st^am-pump. 

I  will,  therefore,  until  further  orders,  simply  deposit  these  sums  to  the 
■credit  of  the  canal,  but  not  expend  them  until  I  receive  further  instruc- 
tions. 

A  great  deal  of  useful  and  imi)ortant  work  was  done  on  the  canal 
•iluring  the  year,  as  the  large  sum  ($32,003.07)  expended  on  permanent 
repairs  indicates. 

Five  additional  engines  for  operating  the  gates  were  purchased  and 
^re  now  being  placed  in  i)osition ;  extensive  progress  has  been  made 
in  the  reconstruction  of  the  middle  gates ;  the  grading,  paving,  and 
sodding  of  the  slopes  on  the  sides  of  the  locks  completed ;  new  winding 
machinery  attached  to  the  upper  gates;  the  change  made  in  the  old 
locks  from  three  to  two  chambers  and  the  new  gates  therefor  have  been 
<*ompleted;  and  numerous  slight  repairs  made  on  the  lock  maclunery  and 
the  plant  for  operating  the  canal. 

During  the  present  year  it  is  intended,  under  authority  already  grant-ed, 
to  complete  the  reconstruction  of  the  middle  gates  of  the  new  locks,  to 
rebuild  the  lower  gates,  to  reconstruct  the  suspension  apparatus  for  all 
the  gates,  to  place  the  remaining  engines  for  operating  the  gates  in 
position,  to  construct  new  gates  for  dry-dock,  and  build  a  new  hull  for 
dredge  No.  1. 

The  estimated  cost  of  these  permanent  repairs  is  about  $21,000. 

The  middle  gate^  are  both  operated  by  engines.  The  latter  open  them 
in  3 J  minutes,  when  it  formerly  required  from  15  to  20  minutes.  As 
soon  as  all  the  engines  are  in  place  a  reduction  of  ten  lock -hands  will 
be  made. 

It  is  estimated  that  the  expenditure  for  operating  and  keeping  the 
(!anal  in  ordinary  repair  will  be  about  $42,000,  which,  under  the  law, 
must  now  be  drawn  from  the  Treasury. 

After  the  i>ermanent  repairs  contemplated  during  the  present  year 
are  ma<le,  there  will  still  remain  a  balance  of  the  amount  collected  from 
tolls  and  placed  to  the  credit  of  the  canal. 

It  is  proposed  to  expend  this  sum  during  the  fiscal  year  ending  June 
30,  1882,  in  building  new  upper  gates  for  the  new  locks,  for  permanent 
engine  houses  at  the  locks,  and  for  new  upper  gates  at  the  old  locks. 

It  is  estimated  that  the  sum  necessary  lor  operating  and  keeping  the 
^a>nal  in  ordinarv  repair  during  the  fiscal  year  ending  June  30, 1882, 
will  be  about  $40,500. 

Besides  the  miscellaneous  freight  on  passenger  and  freight  boats, 
there  passed  through  the  canal  during  the  year  13,592,000  bushels  of 
coal,  120,332  barrels  of  salt,  and  36,305  tons  of  iron  ore. 

The  total  receii)t8  on  this  canal  from  June  11,  1874,  te  June  30, 1880, 
during  which  period  the  government  has  had  charge  of  it,  amount  to 
♦416,310.67,  and  the  expenditures  to  $386,814.02,  leaving  the  balance  of 
$29,496.65. 

The  expenditures  include  about  $120,000  for  permanent  repairs.     - 

In  conclusion,  F  desire  to  commend  Mr.  Philip  J.  Schopp,  who  is  in 
local  charge  of  the  work,  and  his  assistants  for  the  faithful  manner  in 
which  they  have  conducted  the  work. 
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Unaneial  ilataiieiit  for  fimal  gear  mdhig  June  30,  1680. . 
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Detailed  statement  of  veaseh  passed  through  Louisville  and  Portland  Canal  during  the  fiscal 

year  ending  June  30,  1880. 


Passenger 
boats. 


Date. 


Jnly ..., 

Anf^nst  — 
September 
October  . . . 
November. 
December. 


1879. 


Jannary. . 
February 
March... 
Ai 


1880. 


June 


No. 


125 
85 
85 
40 
62 
91 


49 
51 
27 
67 
88 
92 


Total i    862 


Under 
tonnage. 


34,639 
24,916 
30,218 
8,979 
19.184 
37,040 


23,287 
25,260 
11.678 
32, 6U 
40,672 
40,267 


828, 751 


Tow-boats.        Model  barges. 


No. 


8 

24 
12 

1 
15 
20 


17 
21 
12 
24 
34 
47 


285 


Under 
tonnage. 


949 
4,590 
2,113 
70 
3,294 
3,914 


2,396 
3,725 
2,151 
3,333 
4.873 
7,414 


88,822 


No. 


Under 
tonnage. 


27 
45 
30 
2 
20 
26 


I 


34 
56 
18 
40 
55 
58 


6,060 
12, 417 
7,525 
343 
5,176 
7,490 


9,856 
14,084 

4,845 
11, 413 
13, 719 
15,491 


411 


107,928 


Square  barges. 


No. 


Measured 
capacity. 


51 

234 

79 

15 

194 

251 


201 
138 
152 
la''^ 
88 
206 


7,756 
58,205 
18,  512 

1,626 
48,159 
80,591 


58,683 
40,230 
47,008 
51,258 
21,033 
58,318 


1,794 


-a 


3A 
20 

42 
56 
72 
4T 


12 
8 
22 
32 
31 
27 


491,379  i      416 


WORK  OF  DREDGING  DEPARTMENT  AND  EXPENDITURES  ON  IT  FOR  THE  FISCAL  YEAR 

ENDING  JUNE  30,    1880. 

Dredging days..  144^ 

Time  lost : 

By  high-water do 57 

By  employmeDt  on  the  improvement  of  the  falls  and  old  locks do 85 

Hy  Sundays  and  national  holidays do 58 

By  assisting  lock-hands  other  labor do 2H 

Work: 

Cubic  yards  excavated  during  the  year 60,934 

Cubic  yards  excavated  per  working  day 421,688 

Salaries : 

For  the  year $10,196  11> 

Per  day 33,104  00 

Repairs : 

For  the  year 2,764  40 

Per  day 8,975  00 

Total: 

For  dredjpng  only 6,080  53 

Per  working-day  of  actual  dredging 42  08 

Per  cubic  yard  excavated .099 


superintendence,  management,  and  repair  of  the  louisville 
and  portland  canal  for  the  year  ending  december  31, 1879. 

War  Department, 
Washington  Cityj  January  16, 1880. 

The  Secretary  of  War  has  the  honor  to  transmit  to  the  United  States 
Senate,  for  the  information  of  the  Committee  on  Commerce,  a  copy  of 
report  of  Maj.  Godfrey  Weitzel,  of  the  Corps  of  Engineers,  on  the 
superintendence,  management,  and  repair  of  the  Louisville  and  Port- 
land Canal  for  the  year  ending  December  31, 1879,  with  letter  of  the 
Chief  of  Engineers  submitting  the  same. 
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The  rei>ort  is  approved;  and  in  accordance©  with  the  provisions  of 
section  3  of  the  act  of  Confess  of  May  11, 1874  f  18  Stat^  p,  44),  the 
rates  of  toll  existing  during  the  year  1879,  as  statea  in  the  letter  of  the 
Chief  of  Engineers,  are  declared  and  fixed  as  the  charges  to  be  collected 
for  the  current  calendar  year. 
EespectfuUy  submitted. 

Alex.  Eamsey, 
Secretary  of  War. 
The  President 

of  the  United  States  Senate. 


letter  OF  THE  CHIEF  OF  ENGINEERS^ 

Office  of  tht?s  Chief  of  Enoineers, 

Wa^hingtotij  1),  C,  January  12, 1880. 

Sir  :  To  comply  with  the  requirements  of  section  3  of  the  act  of  May 
11, 1874,  providing  for  the  payment  or  the  bonds  of  the  Louisville  and 
Portland  Canal  Company  (Statuteis  at  Large,  vol.  18,  part  3,  page  43), 
I  have  the  honor  to  submit  herewith  copies  of  the  report  of  Maj.  God- 
frey Weitzel,  Corps  of  Engineers,  od  the  superintendence,  management, 
and  repair  of  that  canal  for  the  calendar  year  ending  December  31, 1879, 
and  of  the  receipts  and  expenditures  for  the  same  period. 

It  will  be  seen  that  the  receipts  during  the  past  year  amounted  to  the 
sum  of  $47,370.80,  and  the  total  expenditures  during  the  same  period  to 
$81,604.23,  an  excess  of  expenditures  over  receipts  of  $34,233.43.  The 
balance  on  hand  January  1, 1879,  was  $57,793,14,  and  the  amount  on 
hand  January  1,  1880,  is  consequently  $23,559.71. 

As  in  previous  years,  improvements  and  repairs,  in  the  order  of  their 
necessity,  were  made  as  rapidly  as  a  due  regard  for  economy  and  expe- 
diency would  permit,  and  it  will  be  seen  that  the  policy  adopted  of 
continuing  to  place  the  canal  and  its  appurtenances  in  better  working 
condition  has  gradually  and  steadily  given  increased  facilities  to  its 
business. 

During  the  last  half  of  the  year  1874, 274,365  tons  were  passed  through 
the  canal,  at  an  expense  of  9.12  cents  per  ton  for  superintendence,  man- 
agement, and  ordinary  repairs;  in  1875,  757,695f  tons,  at  6.14  cents;  in 
1876,  871,446^  tons,  at  5.6  cents ;  in  1877,  999,610  tons,  at  4.97  cents;  in 
1878  (with  rates  of  toll  reduced  20  per  cent.),  1,094.942  tons,  at  4.05 
cents  5  and  in  1879  (on  a  business  of  about  six  months),  778,889  tons,  at 
5,63  cents  per  ton. 

The  total  receipts  on  the  canal  from  June  11,  1874,  to  December  31, 
1879,  the  penod  during  which  the  government  has  had  charge,  were 
$385,952.09;  total  expenditures,  $362,302.38;  leaving  a  surplus  of 
$23,559.71.  Of  the  expenditures,$  112,719.92  were  for  permanent  im- 
provements. 

The  past  year  was  the  most  unfavorable  for  the  canal  since  1876,  it 
ha\ing  been  closed  by  ice,  high-water,  &c.,  83  days.  On  this  account, 
and  in  view  of  the  large  amount  of  work  done  in  improvement  and  re- 
pairs, Major  Weitzel  recommends  that  the  existing  rates  of  toll,  &c.,  b% 
continued  during  the  current  year,  viz  :  • 

Stoanihoats  and  model  barj^es,  C^  cents  per  ton. 
Scjuare  bar«^e8,  llatH,  coal-boats,  &c.,  5  cents  per  ton. 
All  empty  sfpiare  barges  and  coal-boats,  4  cents  per  ton. 
i^niall  ))oats,  s4  eacb. 
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• 

Rafts  of  IbgSy  SlCj  meaBnTenients  and  rates  the  same  as  for  coal-boats. 

Boats  belon^ng  to  or  chartered  by  the  United  States,  free. 

Towing.  han)or  rates. 

Use  of  dredge,  $2.50  per  hour. 

Use  of  steam-piimp,  |2.50  per  hour. 

Use  of  dry-dock,  $15  for  the  first  day  and  $10  for  each  subsequent  day. 

A  further  reduction  is  not  thought  advisable  in  view  of  the  fact  that 
a  number  of  repairs  and  improvements  are  yet  to  be  made,  and  also  for 
the  reason  that  it  is  the  part  of  prudence  to  keep  a  sufficient  surplus  on 
hand  to  provide  for  accidents  more  or  less  liable  to  occur  on  all  canal- 
locks,  and  especially  upon  those  of  large  dimensions. 

Section  3  of  the  act  of  Congress  referred  to  contains  the  following  pro- 
vision : 

And  to  ascertain  what  rates  will  pay  current  expenses  afber  the  present  year  [1874], 
the  Secretary  of  War  shaU,  on  the  first  Monday  of  January  of  each  year,  ascertain 
from  the  expenses  of  the  previous  year  what  toUs  will  probably  pay  the  expenses  of 
the  current  year ;  and  he  shaU  fix  and  declare  the  rate  of  tolls  thus  ascertained  to  be 
charged  for  the  current  year  •  *  *  •  and  he  shall,  in  his  next  annual  report,  set 
forth  such  receipts  and  expenditures  and  the  condition  of  said  canal,  with  a  view  to 
SQoh  legislation  as  may  be  necessary  for  the  superintendence  and  management  thereof. 

It  is,  therefore,  respectfnUy  recommended  that  the  rates  of  toll  above 
mentioned  be  adopted  as  those  to  be  declared  and  fixed  by  your  authority^ 
in  obedience  to  this  law,  as  the  charges  to  be  collected  for  the  current 
calendar  year. 

As  the  report  of  Major  Weitzel  contains  matter  of  value  relating  to 
commerce  and  navigation,  it  is  suggested  that  it  be  sent  to  Congress  for 
the  information  of  the  Committ^s  on  Commerce  of  the  Senate  and 
House  of  Eepresentatives. 

Very  respectfully,  your  obedient  servant, 

H.  G.  WEiaHT, 
Chief  of  UngineerSy 
Brig,  and  Bvt  Maj.  Oen.j  U.  S.  A. 

Hon.  Alexandeb  Ramsey, 

Secretary  of  War. 


report  of  major  ».  vteitzel,  corps  of  enaineers. 

United  States  Engineer  Office, 

Detroit^  Mi€h.j  Jo/ntuiry  3, 1880. 

General  :  In  accordance  with  your  instructions,  and  to  enable  the 
honorable  the  Secretary  of  War  to  comply  with  the  provisions  of  section 
3  of  the  act  of  Congress  approved  May  11, 1874,  entitled — 

An  act  providing  for  the  payment  of  the  bonds  of  the  Louisville  and  Portland  Canal 
Company — 

I  have  the  honor  to  submit  the  following  report  on  the  superintend- 
ence, management,  and  repair  of  the  Louisville  and  Portland  Canal  for 
the  calendar  year  ending  December  31, 1879 : 

Capt.  A.  1^.  Lee,  Corps  of  Engineers,  was  my  assistant  in  immediate 
charge  of  the  work  until  his  death,  October  31, 1879.  Since  that  time 
Mr.  Phil.  J.  Schopp,  who  has  been  in  the  employ  of  the  government, 
tinder  my  direction,  on  this  work  ever  since  tiie  original  surveys  were 
begun,  has  been  in  immediate  charge. 

The  usual  tables  are  annexed  for  the  practical  information  of  the  pro- 
fession. 

The  policy  which  was  adopted  when  the  government  assumed  charge 
of  this  work  has  been  continued.  Improvements  and  repairs,  in  the 
109  E 
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order  of  their  necessity,  were  made  as  rapidly  as  economy  and  other  cir- 
cumstances would  permit. 

The  following  permanent  improvements  and  repairs  were  made  during 
the  year,  viz : 

The  grading,  part  paving,  and  part  sodding  of  the  extensive  8loi>es  on 
both  sides  of  the  new  locks  were  finished,  with  the  exception  of  the  sod- 
ding of  about  one-half  of  the  north  slope.  The  bemie  between  ther  foot 
of  the  slopes  and  the  lock-walls  on  the  south  side  was  covered  with  a 
substantial  concrete  pavement  of  roitland  cement,  according  to  Ingalls's 
patent.  This  improvement  has  wot  only  beautified  the  surroundings, 
but  i)revents  the  wash  of  mud  from  the  slopes  and  bermes  into  tiie 
chambers,  which  heretofore  occurred  and  caused  much  trouble  and  delay 
in  the  movement  of  the  gates. 

In  addition  to  the  usual  repairs  upon  gates  and  machinery,  a  new  set 
of  chains  and  new  winding  machinery  were  introduced  on  the  upper 
lift-gates,  and  new  wooden  suspension-masts  erected  at  the  lower  lift- 
gates. 

The  middle  lift-gates  are  in  poor  condition,  and  the  work  of  replacing 
them  by  new  ones  is  now  in  progress.  A  great  delay  in  this  has  been 
caused  by  the  protracted  low-water  season  of  last  fall  and  the  difficulty 
of  obtaining  oak  timber  of  proper  dimensions. 

The  lower  lift-gates  are  also  showing  signs  of  decay,  and  it  will  soon 
be  necessary  to  replace  them  by  new  ones. 

In  due  time  it  is  also  proposed  to  replace  the  wooden  masts,  from  which 
the  gates  are  virtually  suspended,  by  iron  columns.  The  former  decay 
rapidly,  and  then  it  becomes  very  difficult  to  adjust  the  gate  suspension 
rods. 

In  the  early  part  of  the  year  I  asked  for  and  obtained  authority  to 
make  the  experiment  of  operating  the  gates  by  attaching  a  small  engine 
to  the  gate  machinery.  It  was  made  on  the  north  leaf  of  the  middle 
lift  gates,  as  these  ai^e  the  heaviest  and  most  difficult  to  operate.  The 
experiment  is  a  perfect  success,  and  1  have  obtained  authority  and  have 
purchased  five  additional  engines  for  the  other  five  leaves  of  the  lift- 
gates.  When  these  are  all  in  place  and  in  operation,  quite  a  reduction 
in  the  force  of  the  lock  hands  can  and  will  be  made. 

The  work  of  rebuilding  the  old  locks  is  completed,  with  the  exception 
of  hanging  the  gates.  This  will  be  done  in  a  few  days.  The  three 
(chambers,  each  about  198  feet  long,  50  feet  wide,  and  having  a  lift  of  8  feet 
OJ  inches,  have  been  converted  into  two  chambers,  having  a  capacity  for 
l)assing  vessels  258  feet  long,  49^  feet  wide,  and  having  a  lilt  of  12  feet 
10  inches  each. 

These  old  locks  are  also  furnished  with  a  new  set  of  guard-gates,  and 
the  upper  lift-gates  will  soon  require  renewal. 

This  improvement  of  the  old  locks  will  assist  materially  in  passing 
coal- vessels  in  the  cases  of  coal-runs,  which  occur  about  three  or  four 
times  a  year,  and  cause  delay  for  a  short  period,  and  will  pass  vessels 
during  the  short  period,  which  has  occurred  a  lew  times  on  a  rising 
river,  when  the  water  has  reached  the  llj-foot  mark  on  the  canal-gauge. 
At  this  stage  the  new  locks  are  impassable,  and  the  falls  also.  The  im- 
proved old  locks  permit  passages  to  the  14J-foot  stage  by  the  canal- 
gauge,  and  then  the  falls  become  passable  for  ascending  boats. 

The  dry-dock  is  kept  in  serviceable  condition  by  frequent  minor 
repairs,  but  until  the  question  of  its  enlargement  to  the  capacity  of  the 
new  lock-chambers  is  definitely  determined  upon,  it  is  not  economy  to 
make  extensive  repairs. 

There  has  not  been  so  much  work  for  the  dredges  during  the  year  as 
in  former  years,  owing  to  a  \e^^  (iev^^Ve  \i^\w^  brought  down  by  the 
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t  rivei' ;  but  both  of  them,  as  well  as  the  tow-boat,  have  been  prolitably 
employed  dui'iiig  their  leisure  trom  legitimate  duties  iu  various  ways  on 
the  work  of  repair  and  improvement. 

The  tow-boat  received  a  new  coat  of  paint  and  new  cylinder  timbers, 
besides  smaller  rflpaii-B;  the  mud-scows  wci%  re«alked;  dredge  No.  1 
received  a  new  crane,  and  dredge  Ko.  2  minor  repairs.  The  latter  will 
soon  require  a  new  hull  and  boiler. 

At  the  workshops  no  new  machinery  was  added,  but  nn  additional 
filled  was  built  from  old  material  to  protect  the  cariienters  while  at  work 
on  new  1ock-gate». 

In  addition  to  minor  rejiairs  on  tow-boat,  ilredgea,  inud-BCows,  barge, 
and  bridges,  the  shed  above  referred  to  was  built  and  the  following 
work  was  done,  viz ;  A  new  dredge-crane  and  new  guard-gates  for  old 
locks  were  constructed ;  the  ateam-eiigine  at  middle  gat€S  was  placed  in 
position ;  fences  were  completed ;  a  new  miter-sill  for  the  lower  gates  of 
old  locks  laid ;  new  anchor-bolts  and  suspensiou-rods  for  the  new  g:ates 
of  old  locks  were  made,  and  the  timbers  lor  the  new  middle  gates  of  the 
new  locks  were  planed. 

A  storo-boat  for  the  wickets  and  connecting-rods  of  the  movable  dam 
in  the  Indiana  Chute,  at  the  crest  of  the  falls,  and  the  bed  timbers  and 
plank  for  wickets  were  planed  and  prepared  for  the  reception  of  trestles, 
and  the  whole  sti'ucture  set  up  and  fitted  at  the  shops,  preparatory  to 
being  blaced  in  its  position  when  the  stage  of  water  will  permit. 

The  grounds  around  the  superintendent's  and  collector's  offices  were 
filled  iu  and  improved  with  the  material  derived  from  grading  the  slope 
on  the  south  side  of  the  new  locks. 

The  number  of  permanent  cmployi^s  is  at  present  fifty,  a  reduction 
of  oue  from  last  year.  As  soon  as  all  the  engines  for  operating  the 
gates  are  in-  position  thei-e  will  be  a  considerable  reduction  in  the  per- 
manent force. 

The  monthly  pay-roll  of  the  peiinauent  force  now  amounts  to  $3,185. 

The  past  year  was  the  most  unfavorable  one  for  the  canal  since  1875. 
On  this  account,  and  the  great  amount  of  work  done  on  improvements 
and  repairs,  the  cash  balance  has  been  reduce<l  during  the  year  from 
457,793.14  to  *a3,5G9.71.  On  this  account  I  recommend  that  the  present 
rate  of  tolls,  &c.,  be  continued  during  the  present  year. 

During  the  year  the  canal  was  closed  by  ice  and  high-water  68  days, 
and  for  repairs  15  days;  t<»tal,  83  days. 

In  July  the  water  in  the  river  went  down,  and,  wiili  the  exception  of 
a  slight  swell  in  August,  it  nearly  touched, extreme  low-water  mark, 
remaining  don'n  until  November  23.  This  long-continued  low  stage  had 
its  bright  side,  however.  It  enabled  us  to  do  a  great  deal  of  work  on 
the  improvement,  as  well  as  on  the  superintendence,  managment,  and 
repair,  at  very  economical  prices.  Practically,  the  business  of  the  canal 
was,  therefore,  completely  or  partially  suspended  duiing  about  seven 
months  of  the  year. 

There  were  passed  through  the  canal  during  the  year  848  passenger- 
boats,  201  tow-boats,  356  model  barges,  1,329  square  barges,  and  434 
small  boats:  a  total  of  3,168  vessels,  representing  a  registered  under- 
tonnage  and  mpjisured  capacity  of  778,889  tons. 

Eleven  million  five  hundred  and  eight  thousand  bnshela  of  coal, 
116,260  banvis  of  salt,  and  20, 15.">  tons  of  iioii  ore  passed  through 
during  the  year. 

From  June  11,  1S74,  to  Ui-wmber  .Jl,  1.S74,  274,3G.J  tons  were  pussetl 
through,  tit  an  exi>eusu  of  9.12  cents  for  suiieriuteudence,  management, 
and  onliuary  repairs;  iu  1875,  75T,6'J0f  tuns,  at  6.14  ceuts;  in  187C, 
871,446^  tone,  at  5.U  cents ;  in  1877,  iraa,«10  tons,  at  4J)I  tmW,  ^■^y^9^% 
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(witli  rates  of  toll  reduced  20  per  cent),  1,094,942  tons,  at  4.05  oents ; 
and  in  1879  (on  a  business  of  abont  six  months),  778,889  tons,  at  5.63 
cents  per  ton.  * 

The  receipts  during  the  past  year  amounted  to  $47,370.80,  and  the 
total  expenditures  $81,604.23.  The  expenditures  exceeded  the  receipts 
by  $34,233.43.  There  was  on  liand  at  the'  beginning  of  the  year  the 
sum  of  $57,793.14;  consequently,  the  amount  on  hand  at  the  beginning 
of  the  i)resent  year  is  $23,559.71. 

It  will  be  seen  by  reference  to  the  annexed  table  that,  in  spite  of  the 
unfavorable  season,  the  receipts  for  the  year  exceed  the  expense  of 
superintendence,  management,  and  ordinary  repairs  by  $3,486;49. 

The  amount  expended  for  permanent  improvements  during  the  year 
was  $37,719.92,  and  for  miming  expenses,  including  ordinary  reiMurs, 
was  $43,884.31. 

The  total  receipts  on  the  canal  from  June  11, 1874,  to  December  31, 
1879,  during  which  ]>eriod  the  government  has  had  charge  of  it.  amounted 
to  $385,952.09,  the  total  expenditures  $362,392.38,  leaving  tiie  sorplos 
of  $23,559.71. 

Of  the  amount  expended  $112,719.92  was  for  permanent  improvement. 
The  total  amount  expended,  therefore,  for  superintendence,  manage- 
ment, and  ordinary  repairs,  after  deducting  $23,559.71,  the  balance  on 
hand  at  the  beginning  of  this  year,  was  $2^,112.75. 

During  this  period  4,786,949.05  tons  (registered  or  measored  capacity) 
were  passed.  The  average  expense  per  ton  was,  therefore,  a  finction 
less  than  five  cents  i)er  ton. 

By  the  iise  of  the  canal  force  and  machinery  in  the  canal-shops  a 
saving  of  about  $30,000  below  fair  contract  prices  has  been  eiFect«d  in 
the  work  ah*eady  done. 

Mr.  Schopp,  assistant  engineer,  superintendent  of  the  canal,  and  liU 
assistants  have  performed  their  duties  in  their  usual  praiseworthy  iniii^ 
ner.    Mr.  Schopp's  report  to  me  is  embodied  in  the  above. 

Annexed  hereto  are  the  financial  and  other  statements  for  the  y<*.M  i 
Very  respectfully,  your  obedient  servant, 

G.  Wbitzel, 

Brig.  Gen.  H.  G.  WRiaHT,  Mafar  of  Emjir 

Chief  of  Engineers^  U.  S.  A. 


Financial  statement  for  calendar  year  ending  December  31,  ]>r7'.' 


Expenditures. 


Month. 


Amount. 


DeposiiH. 


Month. 


1879.  ! 

January '  $3,240  00 

Febniaiy '  4,282  91 

March I  1,233  66 

April ■  8,3.'>0  44 

May I  .'i.gsG  12 

.Tune :  5,876  21 

July I  7,282  89 


Auf^uflt 
Se])teniber 

October 

Novenil)er , 
Dec<?mbor. 


Total. 


Balance  in  bank  December  31,  1878. .. 
EzccBB  of  expenditTireB  over  receipt* . 


49G  91 

7,3H8  24  I 
8,897  47  -' 
18,646  39  I 
9,  972  99  I 


81,004  23  : 


January 

February  

March 

April 

May 

Juiie 

July 

Aupint 

September 

October 

NovemlH-r 

IVcj-mlMT. 

T.>t:.l 


1870. 


Cash  on  hand  Decem\)CT  31,  IBTI^ 
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Finanmal  statement  for  calendar  year  ending  Deoember  31,  1679, 


A™>nn. 

Exp.n».. 

i..«. 

177  60 
SO  00 

12,SGfiH 
J7,71»K 

*7,370B0 

Bl,eH2S 

m  bmnd  Decfmber  3 


Statemeatof  theooit  of  tuperintendenee,  tnanagmnent,  ^.,for  calendar  year  ending  Deeem 
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2,  MS  07 

2.548  80 

2,605  21 

841  801    2B0  flO 

W5  do:  150  r, 

W»8« 
IJOIW 

lloOBU 

1,54+38 

•ss 
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«ei 

58  SS 
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use  aft 
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ISM 

eS3  88|lD,4GS7H14.134B,'> 
1,  014  70    1.  873  2S|  6,  356  50 
1,000  60  6. 323  BO  8,U7ua 

■"•"^ 

3ii3S134 

JISKM 

gfl  SttMO  9830,  B2S  *7 

O,0O108i:K3  8O 

A955  84'37,71flBikfl04  2» 

Work  of  dredging  department  and  expendilure»  on  it  for  t\e  oalendar  year  ending  December 

31, 1879. 
Time  di-adging 132  days- 
Tune  lost  b;  ice 20  days- 

by  high- water , 51  days- 

hy  employment  at  falls  and  old  locks.-.. 85  days- 

hy  Sundays  and  holidays 58  days. 

l>y  asi<iati[ig  lock-hauds  and  other  labor , 19  d^s. 

Cubic  yards  excavated  during  yeac 51,338 

Cnbic  yards  excavated  per  wotking-<lay 388.92 

Salaries  for  the  year (10,001.98 

per  working-dav |75.772 

Cost  repaira  for  the  year (2,953.86 

perworking-dav (28.377 

fordrudgiug,  132  woikiiig^iaya (3,617.15 

per  working-day ...  (27.  SS 

per  cubic  yard  excavated . . , (0.704 
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APPENDIX   X. 

IMPROVEMENT  OF  OHIO  EIVEB  5  OF  MONONGAHELA  RIVEE,  WEST  VIB- 
aiNIA,  AND  OF  ALLEGHENY  BIYEE,  PENNSYLVANIA— HABBOB  OP 
BEFUaE  NEAB  CINCINNATI,  AND  ICE  HABBOB  AT  THE  MOUTH  OP 
THE  MUSKINGUM  EIVEB,  OHIO. 


bmrort  of  major  william  e.  merrill,  corps  of  engineers,  bvt, 
col.,  u.  s.  a.,  officer  in  charge,  fob  the  fiscal  year  ending 
june  30,  1880,  with  otheb  documents  belating  to  the  w0bk8, 

United  States  Bngineeb  Office, 

Cinoinndtij  OhiOy  July  31, 1880. 

Genebal  :  I  have  the  honor  to  sabmit  herewith  the  annual  reports 
on  the  works  under  my  charge,  for  the  fiscal  year  ending  June  30, 1880. 
Eespectfidly,  your  ob^ent  servant, 

Wm.  E.  IVIebbill, 
Major  of  Engineers, 

Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers^  U.  8.  A, 


X  I. 

'     IMPBOVEMENT  OF  the  OHIO  BIVEB. 

The  following  is  a  statement  of  the  work  done  on  the  Ohio  Eiver  dur- 
ing the  fiscal  year  ending  June  30, 1880 : 

WOEKS  OF  CONSTBUCTION. 

Davis  Island  (5  miles  below  Pittsburgh).— The  movable  dam  under  con- 
struction at  this  locality  is  in  charge  of  Lieut.  F.  A.  Mahan,  Oorps  of 
Engineers.    His  annual  report  is  as  follows : 

From  June  30,  1879,  work  progressed  vigorously  until  December  6,  when  everything 
had  to  close,  owing  to  lack  of  funds.  During  this  time  all  the  laud-wall,  including 
the  gat«  recesses,  had  been  completed,  except  the  coping ;  the  filling  and  emptying 
culverts  were  built ;  the  excavations  were  made  for  a  length  of  220  feet  of  the  river- 
wall  and  for  the  Chanoinc  dam  at  the  head  of  the  lock ;  the  concrete  foundations  were 
put  in  and  completed  for  205^  feet  of  the  river- wall  and  for  the  Chanoine  dam ;  and 
about  85  per  cent,  of  the  stone  floor  of  the  Chanoine  dam  was  laid. 

The  length  of  the  development  of  tlie  land- wall,  including  the  gat-e  recesses,  is  1,169 
feet.  The  foundation  of  the  river- wall  is  694  feet  long,  and  the  superstructure  689 
feet. 
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The  (iiiantities  of  masonry  put  in  are  a3  follows: 


Part  of  work. 


ti 


Upper  wall,  lower  recess 

Lower  waU,  lower  recess 

Main  landwall 

Chanoine  Dam 

Filling  conduit 

Emptying  conduit 

Floor,  upper  recess 

Floor,  lower  recess 

Foundation  river- wall 

Foundation  daui  at  head  of  lock 
Sewer 


218. 3 
857.9 
109.6 


51.6 

697.1 

1.532.8 

36.2 
160.2 
279.4 

98.5 
112.9 


27.7 


1, 185. 8 


2,896.4 


I 


120.8 
7a  2 


mi 


209.1 


1,428.8 
1,217.9 


2,646.7 


Making  a  total  of  6,938  cubic  yards  of  masoniy  of  all  sorts. 

The  accounts  of  the  work  have  been  kept  with  great  cai'e  for  detailSj  and  I  had 
hoped  to  be  able  to  present  figures  for  use  in  making  estimates.  Donng  the  busy 
working  season  the  accounts  could  not  be  kept  up  to  date,  and  when  the  work  ceased 
the  office  force  was  reduced  to  such  an  extent  that  the  figures  needed  conld  not  bo 
made  up.    This  work  will  therefore  have  to  be  postponed  for  the  time  being. 

Portland  Bar  (603  ^yiiles  heloio  Pittsburgh). — Proposals  for  constructing 
a  (like  at  Portland  Bar  were  invited  by  advertisement  dated  September 
1,  1879,  the  approximate  of  materials  required  being  as  follows : 

700,000  feet,  board  measure,,  timber. 
(50,000  pounds  iron  drift-bolt«. 
18,000  cubic  yards  riprap  stone. 
150  cords  brush. 

The  following  bids  were  received  and  opened  at  Cincinnati  on  October 
9,  1879 : 


Bidders. 


1 

3 

4 

f) 

G 

7 

S 

9 

10 

11 

12 

13 

14 

15 

16 

17 


E.G.Penn i 

Shipmau  Muri)hy  ' 

Hine  &  Maturity ! 

Wheeler  &  Co 

Jonathan  Taylor \ 

JameH  Burke ; 

Jacob  S.  Ix»wry 

Thomas  P.  Shanks  &  Co i 

Charles  E.Clark I 

liill  &  McKechney 

Willard  Johnson I 

Colvilie&  Howard 

F.  Jarecki 

William  H.  Hawkins i 

(Ml.CaUahan 

McKenzie  &  Murphy ; 

Robert  C.Kerr ' 


s  • 

1 

percoi-d. 

• 

rs 

d 

1 

i   is 

§3 

1   « 

a, 

i 

'  r 

t; 

a: 

n 

M 

i  < 

$10  00 

$0  84 

:  $1  00 

$0  04 

$30,970  00 

20  00  1 

78 

5  00 

06 

32,390  00 

19  75 

88 

2  00 

05 

32,966  CO 

20  00 

90 

3  00  ' 

06 

34,250  00 

21  00 

93 

1  85 

0.'>| 

35.017  50 

23  00 

90 

3  00  , 

06 

36,350  00 

22  50 

97 

1  50 

05 

36,436  00 

27  50  , 

90 

1  50 

05 

38,675  00 

24  00 

1  08 

90 

05 

39.879  00 

23  00  , 

1  25 

2  26 

85 

41,937  50 

27  00  ' 

1  25 

3  00 

05 

44,850  00 

24  50 

1  40 

2  50 

05 

45,725  00 

20  70 

1  30 

1  76 

03} 

45,822  00 

28  50 

1  50 

2  00 

06 

50,850  00 

3H  50 

1  35 

3  50 

07i 

56,125  00 

37  00  1 

1  «7 

4  50 

04i 

50,486  00 

35  00 

1 

2  .50 

3  50 

07 

74,225  00 

A  contract  was  made  October  25,  1879,  with  the  lowest  bidder,  Mr» 
E.  G.  Tenn,  of  Amelia,  Ohio. 

The  contractor  has  made  considerable  progress  in  collecting  material, 
and  will  begin  the  actual  work  of  construction  as  soon  as  the  stage  of 
water  will  permit.  iN^othing  further  has,  thus  far,  been  practicable  since 
the  contract  was  made. 
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French  Island  (760  miles  below  Fittshurgh). — The  repairs  of  this  dike, 
authorized  by  letters  of  the  Chief  of  Engineers  dated  November  7, 1878^ 
and  August  9, 1879,  were  completed  in  iN^ovember,  1879.  The  dike  has 
been  strengthened  for  a  distance  of  1,890  feet  from  its  root  (about  one- 
half  its  entire  length),  by  a  row  of  piling  driven  along  its  upper  or  chan- 
nel face  and  connected  by  horizontal  wale  pieces  bolted  near  their  tops; 
the  whole  being  supported  by  a  backing  of  brush  and  stone  placed  on 
the  sloping  face  of  the  dike.  It  is  expected  that  this  revetment  will 
enable  the  dike  to  withstand  the  effect  of  ice,  which  has  hitherto  been 
the  cause  of  annual  damage. 

The  dike  now  turns  the  water  at  the  6-foot  stage.  The  amount  of 
material  expended  during  the  season,  June  12  to  November  30, 1879,  is 
as  follows : 

1,006  piles, 

456  cords  brush,  and 
6,749  cubic  yards  of  stoue. 

The  work  of  repair  was  done  by  contract  with  C.  M.  Cole,  the  con- 
tractor for  Evansville  Dike,  and  at  the  prices  named  in  the  contract  for 
the  latter  work. 

Evansvilley  Indiana  (783  miles  below  Fittsburgh), — The  repairs  of  this 
dike,  under  contract  with  C.  M.  Cole,  dated  September  30, 1878,  were 
completed  during  the  month  of  September,  1879.  A  spur-dike  to  arrest 
the  scouring  action  developed  below  the  main  dike  has  also  been  con- 
structed. This  dike  starts  from  the  Kentucky  shore  about  300  feet  below 
the  root  of  the  main  dike  and  extends  some  240  feet  into  the  river ;  it 
has  a  width  of  25  feet  and  its  top  is  at  the  height  of  the  8-foot  stage. 
The  amount  of  material  expended  on  these  dikes  (June  1  to  September 
27)  is  as  follows : 

75  pilCvS, 
735  cords  brush,  and 
6,Gi>2  cubic  yards  stone. 

Henderson  Island  (796  miles  below  Fittsburgh). — ^The  repairs  of  the  dike 
and  dam  at  Henderson  Island,  authorized  by  department  letter  of  Sep- 
tember 25, 1879,  were  made  between  October  15  and  December  5, 1879. 

Three  hundred  and  fifty  cubic  yards  of  stone  were  expended  in  repairing 
a  gap  in  the  dike  which  projects  from  the  Indiana  shore,  and  339  cords 
of  brush  and  1,722  cubic  yards  of  stoue  were  used  in  strengthening  the 
dam  which  closes  the  chute  on  the  Kentucky  side  of  the  island. 

This  work  was  also  done  by  contract  with  the  contractor  for  the  Evans- 
ville Dike,  and  at  the  same  prices. 

Qrand  Chain  (943  to  948  miles  below  Fittsburgh). — An  allotment  of 
$50,000  for  the  improvement  of  the  Grand  Chain  was  contained  in  the 
river  and  harbor  act  approved  June  18, 1878,  and  a  similar  allotment  of 
$50,000  was  contained  in  the  river  and  harbor  act  approved  March  3, 
1879.  Of  the  first  allotment,  $5,700  was  expended  in  removing  the 
"Arkansas^  and  other  rocks  (as  reported  in  my  last  annual  report)  and, 
with  the  $44^300  left,'  it  was  thought  best  to  build  a  longitudinal  dike, 
terminating  in  the  vicinity  of  the  "  Jackson  ^  Eock.  The  design  of  this 
dike  was  to  fence  off  the  shore  ledges  that  were  too  expensive  for  removal, 
and  to  increse  the  bottom  scour  so  as  to  develop  the  rocks  that  now  lie 
half  buried  and  are  almost  undiscoverable. 
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Bids  for  tliis  dike  were 
lowing  resolt: 

opened  on  the  27th  of  June,  1879,  with,  the  fi>l- 

1 

Bidders. 

II 

1 

f 

i 

1 
1 

■  ^ 
1 

1 

1 

1 

il, 

, 

1 

1 

8U 

tlHW 

17  00 

18  00 
21  00 

00 

ui) 
las 

1  00 
3fl0 

1  IM 

"3 
1 

1 

*33,OWO0 

43,  WW  00 

M.  015  00 
W.  BOO  00 

50,886  00 
S8,»0  00 

60,  moo 

71.fl00M 

H^irasoo 
maiaoo 

? 

llioDiu  F.ShuikB  &  Co .. 

U.>n35 

K%Sf*»".-.::::-.:: 

^^iS 

w 

IW^^f;::::::::::: 

al  M  '    1  37i 

(I3,41S«> 

11 

McKenzSv&Mnrph; 

10  GO 

li 

TO,  TSe  10 

A  coutra<;t  for  this  dike  was  mfule  July  12,  1879,  with  the  lowest 
bidder,  C.  M.  Cole,  of  Marietta,  Ohio. 

Subsequently  the  cmbEirgo  on  the  apjiropriatious  of  March  3, 1879, 
was  removed  and  bids  were  invited  for  the  construction  of  another  dike, 
whose  terminus  was  to  be  the  "  Suwannee"  Kock  near  the  foot  of  the 
chain.  The  bids  were  opened  on  October  9,  1879,  with  the  fbllowing 
results: 


^                                 IJiddi'm. 

II 

-Si 
3 

1 

1 

taaoo 

IB  DO 

ai  iw 

IS  00 
2iG0 

f 

*0M 
OH 
M 

1 

1. 

1 

1 

I 

1 

125 
3  25 

|«,G3S0« 

£0,410  00 
51.4SZW 

&3,int  00 

U,B4DD0 

78.7MM 
81,  CM  00 

ai     -1*  00 

i(m,aaba 



The  contract  was  awarded  to  the  lowest  bidder,  0.  Jf.  Cole,  of  Marl- 
ette,  Ohio,  and  was  executed  October  25, 1879, 

The  first  dike  starts  from  the  Illinois  shore,  alrove  the  Jackson  Bock, 
and  eunes  down  stream,  gradually  becoming  parallel  with  the  current. 
It  is  to  have  a  length  of  3,000  feet,  and  will  be  built  to  a  height  of  8  feet 
above  low-water,  with  a  width  of  20  feet.  Up  to. the  height  of  4  feet 
above  low-water  the  dike  will  consist  of  separate  cribs  of  round  timber, 
30  to  TiO  feet  long,  placed  end  to  end  as  iiearlj-  in  contact  as  possible, 
and  filled  with  stone.  On  the  top  of  tlio  independent  bottom  cribs,  or 
tcom  4  to  8  feet  alwve  low-water,  will  be  placed  a  superstructure  of 
square  thnber.  This  superstnictui-e  will  have  a  width  of  18  feet,  and 
will  be  a  continuous  work,  connecting  and  firmly  binding  together  the 
independent  bottom  cribs.  Work  was  begun  on  this  dike  on  November 
10,  and  Wiia  continueil  until  the  end  of  December.    During  this  time  the 
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substructure  was  extended  for  a  distance  of  250  feet  from  the  bank^ 
and  the  shore  protection  at  the  root  of  the  dike  was  nearly  completed;  a 
portion  of  the  superstructure  was  also  built. 

The  dike  at  the  foot  of  the  chain  starts  from  the  Illinois  shore,  and 
runs  down  stream  in  a  curve,  gradually  becoming  parallel  with  the  cur- 
rent, and  terminating  at  the  "Suwannee''  Eock.  It  is  also  to  have  a 
length  of  3,000  feet,  and  is  to  be  built  in  all  respects  in  a  similar  man- 
ner to  tlie  one  at  the  head  of  the  chain.  Work  was  begun  in  May,  1880, 
but  owing  to  high-water  it  has  thus  far  been  necessarily  limited  to  the 
bank  protection  at  the  root  of  the  dike  and  to  the  collection  of  material 
for  construction. 

Removal  of  rocks. 

During  October  and  November  the  Ohio  was  unusually  low,  and  both 
the  snag-boat  and  dredges  were  compeUed  to  tie  up.  I  therefore  directed 
that  their  crews  be  employed  in  removing  rocks  from  the  bed  of  the 
river  by  blasting  or  otherwise.  With  the  approval  of  the  Chief  of  Engi- 
neers, several  other  parties  were  also  organized  for  this  work.  The 
opportunity  was  a  very  unusual  one,  and  although  the  work  was  soon 
stopped  by  a  rise,  the  benefits  were  very  great,  and  were  highly  appre- 
ciated by  the  river  interests.  The  following  is  a  detailed  statement  of 
the  work  done  by  the  several  parties : 

The  party  under  charge  of  Gapt.  John  Gk)rdon,  of  Pittsburgh,  began 
work  at  Whites  Ripple  and  the  Trap,  11  miles  below  Pittsburgh,  on  Octo- 
ber 7.  After  thoroughly  removing  the  troublesome  rocks  from  this  shoal^ 
the  party  worked  upstream  to  Deadman^s  IsUmd.  Merriman's  Ripple, 
JDuff^s  BaVy  and  Lowri^s  Ripple,  Good  work  was  done  at  each  of  these 
places.  The  rocks  were  generally  removed  by  means  of  stone-sleds  drawn 
by  horses,  the  larger  rocks  being  broken  up  with  powder  to  a  size  that 
would  admit  of  their  being  handled.    Work  was  closed  on  I^ovember  15. 

The  party  under  charge  of  Oapt.  Marsh  Hays  removed  a  cluster  of 
rocks  from  Beaver  Shoals,  27  miles  from  Pittsburgh,  between  October  2 
and  October  9. 

Crew  of  dredges. — ^The  work  done  by  this  party  has  been  tabulated  by 
the  engineer  in  charge,  as  follows: 


Place. 

Rooks  re- 
moved. 

Weight 
in  tons. 

Lowrie's  RiDDle 

108 

9 

45 

2 

2 

8 

398 

103 

2 

108 

635 

86 

1,869 

195 

1 

390 

Ledire  .. 

342 

206 

272 

Ledge  .. 

1,987 

714 

580 

Ledge  .. 

35.  I^ 

Duff's  Bar 

&5 

M*»iTiinHn'R Bar .-.-  -,..,-,,- 

23.5 

Hays' Bar 

6.0 

White's  Ripple «.. 

4.5 

Sewickle  V 

13.0 

TiMulinAn'ATfilAnil . 

73.2 

Biir  Sewicklev  Creek 

12.0 

Bconom  V.  Pa 

3.5 

Baden  Pa      ....                                            ...  xx. 

19.8 

Knox's  Bar 

77.1 

Baker's  Yard 

3.0 

Lacook's  Bar - 

144.5 

Perry's  Reef 

4L1 

Rochester 

7.9 

Beaver  Bar , - 

58.0 

Do J... 

60.0 

Beaver  Shoals ■ '. 

95.2 

Raccoon  Bar - 

38.7 

Montffomerv  Island  r - -- 

94.3 

l)o  ...        . 

82.0 

PhniVTslsnd ' 

153.0 

GeorffAtnwn  Iiiland  .,, , -- 

97.7 

T^ine  island  ...                .     x...... x 

127.9 

Do 

12&2 

Total 

7,512 

1,882.5 
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Party  under  direction  of  Capt.  J.  B.  Daniels,  of  Harmar,  Ohio,  worked 
from  October  20  to  November  1  in  removing  rocks  from  channel  at  Bag^s 
Island,  McMakon's  Greek  Bar,  and  Little  Grave  Greek  Bar,  situated,  re- 
spectively, 2J  miles,  4  miles,  and  10  miles  below  Wheeling,  W.  Va.  At 
the  two  first-named  places  the  channel  was  thoroughly  cleaned  of  rocks. 
The  work  at  Little  Grave  Creek  was  not  finished  on  account  of  cold 
weather.  Four  thousand  four  hundred  and  seventy  rocks  of  various 
sizes  were  removed  bj'  this  part3\ 

Party  under  charge  of  Capt.  J.  R.  King,  of  Belpre,  Ohio,  worked  on 
the  following  shoals,  situated  between  11  and  49  miles  below  Parkers- 
burg,  W.  Va.,  viz,  Mustapha  Island,  Lee  Greek  Bar,  Swan  Bar,  Sand 
Greek  Bar,  Great  Bend  Shalloics,  and  Letart  Falls,  from  October  21  to 
November  15.  About  1,300  rocks  were  taken  from  these  shoals,  some 
of  which  would  contain  several  cubic  yards  each  ;  about  one-third  of  the 
whole  number  would  average  1  cubic  yard  in  volume,  the  rest  measuring 
from  1  to  5  cubic  feet  each.  The  low-water  channel' was  much  improved 
at  each  of  the  places  ziamed.    . 

Grew  of  snag  hoot, — On  account  of  the  extreme  low- water  which  pre- 
vailed during  the  latter  part  of  the  season,  the  snag-boat  was  unable  to 
work,  except  for  one  or  two  days,  from  September  17  to  November  18,  a 
little  over  two  months.  While  the  boat  was  thus  laid  up,  the  crew 
were  employed  in  removing  the  troublesome  rocks  from  Oreenup  Shoals, 
rogue's  ShoaU,  and  Sandy  Shallows,  greatly  improving  the  channel  at 
these  points.  Two  very  large  rocks  were  also  removed  from  the  channel 
opposite  Westlronton,  Ohio;  these  rocks  averaged  about  45  cubic  yards 
each,  and  were  very  difficult  of  removal. 

•  A  total  of  2,055  cubic  yards  of  stone  was  removed  by  the  snag-boat 
crew  while  the  boat  was  laid  up. 

The  party  under  direction  of  Mr.  Philip  Golay,  assistant  engineer, 
began  operations  on  the  river  below  Evansville  on  October  19  and 
worked  until  November  25. 

At  Ilighland  Rocks,  near  TIniontown,  Ky.,  51  miles  below  Evansville, 
about  1  foot  in  depth  was  removed  from  the  surface  of  the  *'  Center^ 
Bock  (a  portion  of  tlie  ledge  about  100  feet  long  and  10  feet  wide).  The 
remnant  of  this  rock  is  now  covered  by  a  little  more  water  than  is  found 
on  the  bars  immediately  above  and  below  it.  This  rock  was  found  to  be 
composed  of  indurated  clay  or  soapstone.  At  Westoii,  Ky.,  81  miles  be- 
low Evansville,  21  rocks,  containing  from  3  to  12  cubic  yards  each,  were 
removed  from  the  channel.  At  Prior^s  Island,  110  miles  below  Evans- 
ville, 29  rocks  were  removed  from  the  channel  by  blasting  and  lifting 
out  the  large  fragments  with  a  crane-boat ;  16  rocks  were  also  removed 
from  a  rock-bar  opposite  the  island.  At  the  Sistet^s  Islands,  113  miles 
below  Evansville,  75  cubic  yards  of  small  stones  were  removed  from  the 
channel.  At  the  Grand  Ghain  the  channel  was  improved  by  removing 
a  depth  of  14  inches  from  the  top  of  the  ^^Jackson^^  Bock.  Ten  isolated 
rocks,  averaging  2  tons  each,  were  removed  from  the  vicinity  of  the 
^^  Grenadier^  Bock,  Two  large  rocks  near  the  channel  below  the  "Ar- 
kansas^  Bock  were  blasted  and  scattered  into  deep  water,  and  4  high 
rocks  near  the  foot  of  the  Chain  were  also  blown  to  pieces. and  removed 
fix)m  the  channel. 

SNAG-BOAT  E.  A.  WOODKUFF. 

The  snag-boat  E.  A.  Woodruff  began  work  for  the  season  on  tlune  1, 
and  worked  over  the  river  as  follows:  Cincinnati  to  Wheeling;  Wheel- 
ing to  Cairo;  Cairo  to  New  Cumberland,  W.  Viw,  Kew  Cumberland  to 
JBvansville;  Evansville  to  winter  quarters  in  the  juouth  of  Green  Eiver. 
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One  thousaud  and  seventy-four  snags  and  48  wrecks  were  removed 
during  the  season.  Among  the  wrecks  removed  were  those  of  the  Re- 
becca, at  Parkersburg ;  the  Brilliant,  at  Gallipolis ;  the  J.  C.  Crosley, 
just  below  the  mouth  of  the  Guyandotte;  the  Nat.  Holmes  and  the 
David  Gibson,  at  Petersburg;  the  Arlington,  at  Smithland,  and  the 
remnant  of  the  Pat.  Cleburne,  at  Cincinnati  tow-head ;  a  model  barge  at 
Sehon's  Landing,  and  one  at  Cairo,  111.;  a  stone-boat  at  Howard  Jen- 
kins' Landing,  and  one  at  Nine-Mile  Bar,  and  a  salt-boat  at  New  Albany, 
Ind. ;  the  remainder  being  wrecks  of  coal-barges. 

The  two  largest  snags  taken  out  were  a  cottonwood  at  Grissom's 
Landing,  Ky.,  and  an  elm  at  the  mouth  of  the  Big  Guyandotte  River ; 
the  former  was  100  feet  long,  6  feet  6  inches  in  diameter  at  the  butt, 
with  a  root  spreading  to  a  diameter  of  30  feet.  The  weight  of  this 
snag,  including  the  stump,  was  210  tons,  being  the  heaviest  yet  re- 
moved by  the  boat.  The  other  one  was  79  feet  long,  9  feet  10  inches  in 
diameter,  with  root  spreading  26  feet,  and  weighed  193  tons.  Both  of 
these  snags  were  full  of  limbs.  On  the  30th  of  June,  the  snag-boat  re- 
moved the  snag  which  sunk  the  Salt  Valley,  at  Point  Run  Landing ; 
on  December  1,  the  snag  which  sunk  the  Fashion,  three  or  four  years 
ago ;  and  on  December  2,  the  snag  which  sunk  the  Granite  State,  at 
Warren's  Landing. 

UNITED  STATES  DREDaES  OHIO  AND  OSWEGO. 

Bavis^  Island  (5  miles  belotv  Pittsburgh). — ^The  work  of  excavating  for 
foundations  of  the  lock  at  Davis'  Island,  begun  before  the  close  of  the 
last  fiscal  year,  was  continued  by  one  of  the  dredges  (the  Ohio)  until 
June  18,  when  the  river  became  too  low  to  admit  of  further  work.  Ex- 
cavation made  in  July,  3,733  cubic  yards.  Total  excavation,  June  and 
July,  1879,  15,322  cubic  yards. 

Foot  of  the  Trap  (12  miles  below  Pittsburgh). — ^The  work  of  removing 
a  lump  from  the  channel  at  the  foot  of  the  trap,  begun  June  26,  was 
completed  on  July  1.  Excavation,  July  1,  890  cubic  yards.  Total  ex- 
cavation, 1,949  cubic  yards. 

Foot  of  Merriman^s  Bar  (10 J  miles  below  Pittsburgh). — One  cut  was 
taken  from  the  gravel  point  which  projected  from  the  right  bank  of 
the  river,  widening  the  channel  some  40  feet  and  straightening  it  mate- 
rially.   Excavation  made  July  2,  3,  25,  and  26,  2,394  cubic  yards. 

Middletown^  Pa.  (11  miles  below  Pittsburgh). — The  opening  in  the  dike 
at  White's  Ripple,  opposite  Middletown,  was  enlarged  to  a  width  of  250 
feet,  so  as  to  make  a  safe  passage  through  to  the  Middletown  steam- 
boat landing.  The  usefulness  of  the  dike  is  in  nowise  impaired  by 
this  opening,  as  the  cross-dam  just  below  effectually  prevents  any  waste 
of  water  through  it  from  the  main  channel  of  the  river.  Amount  of 
excavation,  July  6  to  July  23,  4,184  cubic  yards  gravel  and  2,760  cubic 
yards  loose  rock. 

Line  Island  (41  miles  below  Pittsburgh). — The  channel  at  the  head  of 
Line  Island  has  been  widened  120  feet  by  dredging  off  the  points  of  the 
bars  projecting  from  the  Virginia  shore  and  from  the  island.  Total  ex- 
cavation, July  31  to  August  25,  22,172.4  cubic  yards.  This  channel 
was  materially  widened  by  the  dredges  in  1874,  but  ascending  tows  still 
found  trouble  on  scant  water. 

Stoop^s  Ferry  (13  miles  below  Pittsburgh). — A  little  more  than  one  day's 
work  was  done  by  the  Ohio  in  dredging  out  the  government  quarry- 
Janding  at  Stoop's  Ferry,  which  had  become  partly  filled  up  by  wash 
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from  the  creek  since  June.  Excavation,  August  28  and  29,  416.7  cubic 
yards. 

Foot  of  Deadman^s  Island  (14J  miles  below  Pittsburgh), — ^A  sudden  rise 
in  Little  Sewickley  Creek  having  thrown  out  a  bar  at  the  moutli  of  the 
creek^  which  would  render  the  passage  of  tows  impossible,  except  at 
the  highest  stages,  the  dredge  Oswego  commenced  its  removal  on  Au- 
gust 27,  and  worked  until  September  9,  at  which  time  the  river  had 
fallen  so  low  as  to  make  it  impossible  to  continue  dredging.  The  work 
at  this  place  was,  however,  practically  completed  before  the  suspension 
of  work.    Total  excavation,  6,146.4  cubic  yards. 

A  similar  bar  was  formed  at  this  place  in  1875,  and  was  removed  by 
dredging  in  1876,  at  which  time  also  a  dam  of  brush  and  stone  was 
built  across  the  mouth  of  the  creek  to  change  its  course  and  thus  pre- 
vent the  formation  of  a  troublesome  bar.  This  dam,  although  success- 
ful in  changing  the  course  of  the  stream,  did  not  prevent  the  r^orma- 
tion  of  the  bar  a  little  further  down,  and  it  was  therefore  deemed 
advisable  to  construct  another  dam  to  still  further  change  the  course  of 
the  stream.  This  second  dam  was  commenced  on  August  29,  by  the 
crew  of  the  dredge  Ohio,  and  was  completed  on  September  6.  It  is  225 
feet  long  and  contains  30  cords  of  brush,  228  cubic  yards  of  stone,  and 
34  cubic  yards  of  gravel.  It  is  hoped  that  its  constriaction  will  prevent 
any  further  trouble  from  bars  at  this  place. 

Fik^s  Island  (83  miles  below  Pittsburgh). — After  completing  the  re- 
moval of  the  bar  at  Deadman's  Island,  on  September  9,  the  dredges 
were  unable  to  resume  work  until  November  22,  when  they  began  the 
removal  of  the  Creek  Bar  on  the  Ohio  shore,  opposite  the  foot  of  Piktfs 
Island,  so  as  to  straighten  the  channel.  This  work  was  completed  on 
December  12,  and  the  dredges  were  taken  at  once  to  winter  quarters  in 
the  mouth  of  the  Muskingum  Eiver.  Total  excavation  at  Pike's  Island^ 
23,483.3  cubic  yards. 

Iron  hull  for  dredge  Ohio. — The  wooden  hull  of  the  dredge  Ohio  hav- 
ing finally  worn  out,  it  was  determined  to  build  the  new  hull  of  iron, 
and  the  cost  of  such  a  hull  was  included  in  my  annual  report  for  1879-'80. 
Bids  were  invited  for  the  construction  of  this  hull,  to  he  opened  on  the 
1st  of  October,  1879.  The  only  bid  received  was  that  of  Theodore  Allen, 
of  Saint  Louis,  who  proposed  to  build  the  hull  for  $21,950.  With  the 
approval  of  the  Chief  of  Engineers,  a  contract  was  entered  into  with 
Mr.  Allen  on  October  25,  1879. 

The  scarcity  of  bidders  was  due  to  the  fact  that  the  iron  "  boom''  had 
set  in,  and  it  was  almost  impossible  to  get  the  mills,  which  were  over- 
whelmed with  orders,  to  make  contracts  for  iron  for  future  delivery.    ^^ 

The  l^uU  was  completed  and  delivered  at  Cincinnati  on  May  10,  1879. 
The  dredge  crews  were  immediately  set  to  work  to  transfer  the  old  ma- 
chinery to  the  new  hull  and  to  i)repare  it  for  service.  Three  weeks  after 
the  close  of  the  fiscal  year  the  Ohio  began  her  season's  worfc 

The  following  tables  show  the  details  of  the  work  done  by  the  dredges 
during  the  year  1879 : 

DREDGES   IN   COMMISSION,  1879. 

Days. 

Tinio  at  work : 

Dredging \ 84i 

Wrecking \ 

On  Little  Kanawha  Ki vcr 3 

Time  lost : 

Traveling 6 

Accidents 13 

High- water 8 
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^  Days. 

Low- water 17 

Sundays 23 

Total 155 

Total  on  Ohio  River 152 

Work : 

Cubic  yards  excavation,  gravel,  &o 75, 692. 8 

Cubic  yards  excavation,  rock- 5,487.4 

Total 1 81,180.2 

Number  wrecks  removed '. 1 

Cost :  • 

Equipment — 

For  the  season $518  37 

Per  day  of  work 5  89 

Per  day  in  commission 3  41 

Towing : 

For  the  season 5,095  35 

Per  day  of  work 57  77 

Per  day  in  commission - 33  52 

Salaries : 

For  the  season 4,965  98 

Per  day  of  work 56  43 

Per  day  in  commission 32  68 

Repairs : 

For  the  season 288  47 

Per  day  of  work 3  16 

Per  day  in  commission 1  90 

DREDGES  OUT  OF  COMMISSION. 

Daya. 
Time : 

In  ordinary 174 

Annual  spring  repairs 36 

Total 210 

Cost : 

Salaries  in  ordinary |1,405  00 

Annual  spring  repairs 3,219  68 

Total 4,624  68 

Per  day  in  ordinary 8  08 

'-        ■ 

Expenditures : 

Fordredffing |15,401  71 

For  wrecking 91  14 


Total  for  1879 15,492  85 

Per  day  in  commission 119  26 

Per  day  of  work 182  27 

Per  cubic  yard  gravel,  &c 18 

Per  cubic  yanl  rock 315 

110  E 
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SPEOIAL  SURVEYS. 

During  tbe  extreme  low-water  season  between  October  15  and  Decem- 
ber 31  special  surveys  were  made  to  determine  tbe  improvement  required 
at  the  following  bars,  viz :  Head  of  Three  Brothers,  Rowland's  Kace, 
Sand  Creek,  Oil  Creek,  Puppy  Creek,  Three-Mile  Island,  Blakely  Bar, 
Casey ville,  Tradewater,  Walker's  Bar,  and  Cottonwood  Bar. 

SEDDIENT  OBSBBYATIONS. 

The  sediment  observations  ordered  by  department  letter  of  August 
30, 1878,  were  completed  on  December  30,  1879,  and  the  result  of  the 
observations,  covering  the  entire  year  1879,  has  been  sent  to  Col.  Z.  B. 
Tower,  Corps  of  Engineers,  to  be  turned  over  to  the  Mississippi  Elver 
Commission. 

OOMMEBOE  OF  OHIO  BIYER. 

It  is  usual  to  obtain  commercial  statistics  from  the  custom-house  re- 
turns,  but  as  the  commerce  of  the  Ohio  is  wholly  inland,  and  therefore 
not  subject  to  duties,  no  official  records  are  kept  from  which  to  obtain 
its  amount  or  value. 

The  Chamber  of  Commerce  of  Cincinnati  for  its  own  information  keeps 
a  record  of  the  chief  exports  and  imports  by  boats  and  barges  that  land 
at  this  city,  but  even  these  records  do  not  include  a  large  amount  o( 
coarse  articles,  such  as  sand,  gravel,  riprap,  stone,  &c.,  which  come  by 
flat-bouts  and  open  barges,  and  which  are  not  reported  on  'Change. 

The  following  table,  taken  from  the  thirty-first  annual  report  of  the 
Cincinnati  Chamber  of  Commerce  (for  the  year  ending  August  31, 1879)^ 
gives  the  destination  of  the  principal  articles  exported  fix>m  Cincinnati 
by  water  during  the  year  1878-'9: 


Articles. 


Alcohol .barrelA. 

Alt',  l>i'i'r,  and  porter do. . . 

ApplfH    do  .. 

Ba);uiug pieceB . 

llarley buiihelg. 

Beann do  .. 

Boft'  ill  banvlii .pounda. 

Bt*<'f  iu  tit'ifca do  -. 

BnotA  and  Ah<»(*H caaes. 

Bran,  ahip-Htufi^  Sec. tons. 

Brooms      dozens. 

Brooiu-com pounds . 

Butter barrels. 

Butt^'r  firkins  and  kegs. 

Candles boxes. 

Castings pieces . 

Castings tons. 

Cattle  head. 

Cement  and  plaster barrels. 

Chairs dosens. 

Cheese boxes. 

Coffee bags. 

Cooperage pieces. 

Com    .. bushels. 

Corn-meal .«. burels . 

Cotton  bales. 

Crockery,  &o .packages. 

Eggs bozea  ana  barrels. 

Feathers bags . 

Fish  barrela. 

Fiah kegs  and  kits. 

Floor banela. 


To  New 
Orleans. 

To  other 

down-river 

ports. 

Tonp- 
river  ports. 

18 

410 

127 

1, 259 

2,387 

15, 377 

7,525 

81,496 

2,376 

2,988 

13,425 

10 

500 

11,290 

4,124 

798 

822 

2,811 

185,400 

27,200 

49,820 

15,300 

66,640 

18,360 

859 

14,892 

14,540 

55 

1,176 

i284 

2,527 

1.329 

149,000 

27,900 

260.100 

218 

90 

9 

12,807 

4,950 

455 

23.957 

10,721 

7,755 

2,li88 

5,156 

1,180 

287 

700 

116 

98 

1,285 

772 

184 

1,753 

12,111 

2,719 

2,824 

5,274 

4,893 

8,013 

9,869 

187 

18,960 

Vi^706 

15,519 

81,476 

9,484 

98 

8.888 

414,777 

119 

268 

2,983 

096 

88 

4.827 

882 

8,610 

79 

100 

6 

461 

8 

210 

179 
612 

4,688 

877 

8.786 

8.085 

1,071 

5^188 

69^607 

TotaL 


661 

19,028 

41,397 

16,428 

15,920 

4,481 

262,420 

90,306 

30,091 

1,281 

6,098 

437,600 

317 

18,012 

42,438 

0.824 

i,ia 

2,156 

14.007 

10,817 

22,376 

84,8a 

66,479 

418,258 

8,816 

6.6U 

4,671 

667 

18i 

6^468 

17, 7M 

68;  861 
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Gltamre . . 
EftTdware .  ■ 


HoK  pcnduct,  buon... 
HuK  prudurt.  bBmi . . . 


tuiniltH.iuudTv." 
bKDaiiHMiinar;... 


Kiip«,  twiun.  &o--^-----.-^-.. --pni'kac 


Stwrlnn.. 


V       '.'-  '.'.  V.  V.V.  V.V.'.V. '. . . .  ^irriB ! 

if !1" !'.'...' '.".'.".v.  ii'oin.bea.is. 


411,  las 

108 
4,G53 


lea,  IIS 

3.6H 

2t,2M 


l,6flB,fll7 

iSTSisi* 

ID.  BOS 

3.3SS 

■.Ml 

241 44S 
9,  ITT 
ISO.  AH 
{0.058 

a,3S(l 


This  tftblo  embrace*  aololy  mich  eiports  aa  a 
Mcroliaiits'  Excbange,  bnt  lines  not  inclinle  anv 
reports  or  returns.     {See  crockery,  cooperage,  h 


I  daily  reported  oa  the  books  of  thft 
uovoiiient  embraced  in  snnplemental 
rsoB,  oil,  pig-iron,  salt,  and  atarcb.) 


Tbe  reports  on  these  latter  articles  do  not  separate  the  shipments  by 
river  fix)!!]  those  by  rail  or  canal,  and  they  cannot  therefore  be  nsed  to 
complete  the  table. 

The  following  table,  compiled  from  Ihe  report  above  named,  shows  the 
number,  tonnage,  and  movements  of  steamboats,  tow-boats,  and  mode 
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barges  which  plied  between  Cincinnati  and  other  ports  during  the  year 
ending  August  31,  1879 : 


steamboats  . . 
Tow-boats  .- 
Model  barges 


Total 


130 

84 


312 


60 

dS 


3 

o 
H 


98     38. 866 


22,  916 

21, 787 


83,569 


a 

-a 


^ 


Departore  of  steamboats  for — 


»4 

o 


•  -a 


3 

P4 


2,725 


97 


162 


75 


o 

.£3 


2,396 


3 

o 

H 


2,730 


STEAMBOATS  AND  MODEL  BARGES  BUILT  AT  CINCINNATI  DURING  THE  TEAR. 

Steamboats 12        Tonnage 6,832 

Model  barges 3        Tonnage 810 


15 


7;  642 


Schedule  of  rates  hy  river  on  fourih-clnaa  freight  from  Cincinnati,  during  year  endikg 

August  31,  1879. 


Highest 
Lowest . 


• 

• 

ao 

^ 

^ 

s 

00 

00 

2 

•«4 

s 

*3 

•+> 

B 

2 

3 

o 

^ 

Cents. 

Oenti. 

Cents. 

Cents. 

15 

10 

15 

25 

15 

10 

10 

20 

CenU, 
40 
21 


The  summary  of  the  present  status  of  the  river  commerce  of  Cincinnati 
is  thus  stated  in  the  report: 

To  snm  np  the  whole  yearns  work,  the  general  situation  is  encouraging.  The  char- 
acter of  the  boats  is  steadily  improving.  The  popularity  of  river  travel  is  increasing, 
which  is  being  the  more  stimulated  by  regular  methods  of  departure  and  arrival.  Im- 
portant problems,  it  is  true,  remain  to  be  solved,  but  in  the  main  the  river  interest  of 
Cincinnati  enters  on  the  new  year  with  the  reasonable  promise  of  fair  compensation 
to  itself,  and  promise  of  increased  usefulness  to  the  people  of  the  great  district  triba- 
tary  to  this  city. 

At  Pittsburgh  the  only  available  statistics  are  those  kept  by  the  coal 
exchange,  and  these  refer  exclusively  to  their  own  business.  They  are 
as  follows : 

Coal  shipped  during  1879 bushels..  62,015,300 

Coke  shipped  during  1879.: bushels..     3  572,700 

Total ; 65.588,000 

This  is  a  decrease  from  1878  of  11,237,255  bushels,  due  to  strikes  at 
the  mines. 

There  are  no  other  statistics  that  can  be  obtained  without  great  labor. 
In  1869  my  predecessor,  Mr.  W.  Milnor  Eoberts,  caused  to  be  compiled 
as  accurate  a  statement  of  the  value  of  Ohio  River  commerce  as  could 
be  obtained,  And  he  concluded  that  its  annual  value  was  $694,000,000. 
I  think  that  this  estimate  is  somewhat  too  large,  but  I  have  no  reliable 
means  of  checking  it. 


1750     REPOKT   OF   THE   CHIEF   OF  'ENGINEEES,    U.   8.   ABMT. 

WORK  DURING  1880-'81. 

The  approved  programme  for  the  ensuing  year  is  as  follows : 

Work  will  be  continued  on  the  Davis  Island  Dam ;  and  it  is  hoped 
that  the  river  wall  of  the  lock  will  be  finished  before  winter,  so  that  the 
coffer-dams  may  be  removed. 

The  snag-boat  will  patrol  the  river  as  usual. 

The  dredges  will  work  between  Brush  Creek  and  Louisville. 

Work  will  be' continued  on  the  dikes  at  Four-Mile  Bar,  the  dike  at 
Portland,  and  the  dikes  at  the  Grand  Chain.  The  dikes  at  Pour  Mile 
will  probably  be  completed,  and  possibly  the  others  also ;  but  the  latter 
are  more  affected  by  rises  in  the  river,  and  it  is  difdcult  to  secure  a  suf- 
ficiently long  season  for  effective  work. 

ESTIMATE  FOR  1881-'82. 

During  the  fiscal  year  1881-'82  funds  will  be  required  for  continuing 
work  on  the  Davis  Island  Dam,  for  the  current  expenses  of  removing 
snags  and  of  dredging  for  the  removal  of  rocks,  for  the  construction 
of  dikes  and  dams,  and  for  office  and  miscellaneous  expenses  and  con- 
tingencies. 

The  appropriation  of  June  14,  1880,  for  the  Davis  Island  Dam  was 
too  small,  and  too  long  delayed  to  secure  satisfactory  results  during  the 
present  season.  It  is  expected,  however,  that  the  lock  will  be  completed 
to  at  least  such  a  height  as  will  permit  the  removal  of  the  coffer-dams, 
and  thus  save  the  difficulty  and  cost  of  protecting  them  from  the  win- 
ter's ice. 

For  continuing  operations  on  this  work  we  need  at  legist  $200,000, 
^and  I  would  earnestly  request  that,  whatever  reductions  may  be  found 
necessary  in  the  approi)riations,  this  sum  be  left  intact. 

For  the  annual  expenses  of  snagging,  $25,000  is  needed. 

For  the  annual  expenses  of  dredging,  $lG,oOO  is  needed. 

For  the  removal  of  loose  rocks  and  bowlders,  we  ought  to  have  at 
least  $5,000.  This  work  can  only  be  done  in  verj^  low  water,  and  hence 
can  extend  over  but  a  short  period.  Similar  work  heretofore  done  has 
given  very  great  satisfaction. 

There  are  so  many  dikes  and  dams  yet  to  be  built  on  the  Ohio  River 
that  it  is  embarrassing  to  select  those  that  should  first  receive  atten- 
tion. The  following  are  among  tliose  most  needed;  they  are  named  in 
the  order  of  their  distance  from  Pittsburgh  : 

Merrimanj  10  miles  below  Fittsbvrgh. — This  bar  was  once  the  most 
formidable  of  all  the  obstructions  to  coal-barge  navigation.  It  is  neces- 
sary to  make  a  square  crossing  to  the  right  bank,  and  nearly  every  run 
of  coal  paid  toll  to  Merriman  in  the  shape  of  one  or  more  standard 
barges.  In  1871  a  contract  was  made  for  deepening  and  straightening 
this  passage  by  dredging,  and  3,799  cubic  yards  were  removed.  In 
1872  the  United  States  dredge  Ohio  removed  15,049  cubic  yards,  making 
a  total  of  18,849  cubic  yards.  As  the  result  of  this  work  the  dangers 
of  the  passage  were  almost  wholly  removed,  although  the  crossing  still 
remained  difficult. 

Since  then  the  isolated  bar  below  the  crossing,  which  acted  as  a  dike 
to  hold  up  the  water,  has  been  considerably  reduced  in  height,  and 
during  coal-boat  stages  a  large  body  of  water,  which  is  much  needed 
in  the  channel,  wastes  over  this  bar.  It  would  be  injudicious  to  do  any 
more  dredging,  and  the  only  available  remedy  is  the  construction  of  a 
smooth  deflecting  dike,  which  will  not  only  hold  up  the  water,  but  will 
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also  prevent  boats  from  drifting  on  to  the  bar.    This  dike  should  be 
about  1,500  feet  long,  and  its  approximate  cost  would  be  $22,000. 

Brown'' 8  Island j  60  miles  helow  FUtsburgh.'-The  old  dam  behind  this 
island,  which  was  built  in  1837,  now  requires  repair.  This  work  will 
cost  about  $24,000. 

The  TwinSj  84  miles  helow  Pittsburgh. — The  dam  closing  the  left-hand 
channel  at  the  ui)per  Twin  should  be  raised,  as  too  much  water  Wastes 
through  the  back  channel.  This  dam  is  2,800  feet  long.  It  was  built 
in  1844,  and  was  repaired  in  1867,  1869, 1871,  and  1872.  It  is  whoUy 
composed  of  rii)rap  stone.  Experience  has  shown  that  some  more  durable 
method  of  construction  is  a  necessity,  and  it  is  therefore  proposed  to  cap 
the  existing  low  dam  by  a  sui)er8tructure  of  crib  work  in  the  manner 
which  has  proved  so  efficacious  at  White's  and  the  Trap. 

The  ax)proximate  cost  of  this  superstructure  will  be  $20,000. 

The  BrotherSy  157  miles  helow  Pittshurgh. — The  dam  from  the  left  bank 
to  the  head  of  the  middle  Brother,  begun  in  1864  and  left  unfinished, 
ghould  be  completed.  The  addition  will  be  about  2,200  feet  long,  and 
the  total  cost  will  be  about  $15,000. 

Sand  CreeJcj  219  miles  helow  Pittshurgh. — A  dike  1,200  feet  long  is 
needed  to  confine  the  channel  over  the  bar.    Estimated  cost  $18,000. 

Ticelve  Pole,  311  miles  helow  Pittshurgh. — This  is  a  particularly  objec- 
tionable bar,  as  it  occurs  5  miles  below  the  western  terminus  of  the 
Chesapeake  and  Ohio  Eailroad.  A  dike  2,200  feet  long  from  the  Ohio 
shore  would  imi)rove  this  well-known  sticking  place.  The  estimated 
cost  of  this  dike  is  $33,000. 

Medocy  485  miles  helow  Pittshurgh. — A  contract  for  improving  this  bar 
by  a  dike  from  the  Kentucky  shore  was  let  in  1869.  Experience  has 
since  shown  that  the  dike  should  have  been  built  on  the  Ohio  side.  As 
the  present  work  does  not  accomplish  its  puri)08e,  I  would  recommend 
that  a  dike  be  built  from  the  Ohio  shore,  and  that  the  existing  dike  be 
removed  by  dredging.  A  new  dike,  2,000  feet  long,  will  probably  cost 
$30,000. 

Gunpoicder,  508  miles  helotc  Pittshurgh. — This  is  one  of  the  worst  bars 
between  Cincinnati  and  Louisville.     It  is  believed  that  a  crib-dike  from 
the  Indiana  shore,  2,500  feet  long,  would  remedy  the  difficulty.   Estimated 
ost  $37,500. 

Flint  Island  J  682  miles  helow  Pittshurgh. — A  dike  extending  downward 
from  the  foot  of  the  island  will  improve  the  bad  crossing  at  this  place. 
It  should  be  3,500  feet  long,  and  its  approximate  cost  will  be  $84,000,  or 
$24  per  foot.  The  increase  in  cost  per  running  foot  over  the  dikes  above 
Louisville  is  due  to  the  shifting  nature  of  the  bottom,  which  scours  to 
greater  depths,  and  therefore  requires  additional  protection. 

Oil  Creeky  683  miles  helow  Pittshurgh. — This  bar  and  the  preceding  are 
really  one  long  bar.  To  improve  the  crossing  at  this  place  will  require  a 
dike  3,000  feet  long,  at  an  estinated  cost  of  $72,000. 

Pif-  -»>  Creekj  743  miles  helow  Pittshurgh. — ^This  is  now  the  worst  ba  r 
bo       ijouisville,  the  depth  over  it  often  not  exceeding  2  feet.  To  improv 
it  a  dike  3,200  feet  long  should  be  built  from  the  Kentucky  shore.    It 
will  cost  $76,800. 

Scuffletown,  764  miles  helow  Pittshurgh. — ^This  bar  was  improved  in  1832, 
but  the  work  has  nearly  disappeared.  A  dike  on  the  same  side  as  the 
old  dike,  but  diflfering  somewhat  from  it  in  alignment,  would  probably 
remove  the  cause  of  complaint  at  this  bar;  Its  length  will  be  3,000  feet, 
and  its  approximate  cost  $72,000. 

Caseyvilley  860  miles  helow  Pittshurgh. — ^This  bar  is  often  the  shoalest 
between  Evansville  and  Cairo.    I  would  recommend  the  construction  of 
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a  dike  from  the  Kentucky  shore,  having  an  approximate  length  3,500 
feet,  at  an  estimated  cost  of  $84,000.  It  may  be  found  necessary  in  the 
future  to  run  out  another  dike  from  Battery  Kock  on  the  Illinois  shore, 
but  it  is  advisable  to  postpone  this  for  the  present. 

Walker^  8  BarjHlO  miles  below  Pittsburgh. — This  bar  was  atone  time  the 
shoalest  below  Evausville,  but  the  scraphig  done  some  years  ago  by  the 
Octavia  helped  it  greatly.  It  is  desirable,  however,  that  this  bad  cross- 
ing should  be  permanently  imj>roved.  This  can  be  done  by  building  a 
dike  from  the  Illinois  shore  4,000  feet  long,  at  an  estimated  cost  of 
$90,000. 

To  provide  for  office  expenses,  the  cost  of  engineering,  inspection,  &c., 
the  sum  of  $25,000  will  be  needed. 

Summing  up  the  above,  we  have  the  following 

ESTIMATE. 

Davis  Island  Dam $200,000 

Snagjj^ng SJ5, 000 

Dredging 16,500 

Removing  rocks 5, 000 

Dams  and  dikes : 

Merriman 22, 000 

Brown's  Island 24,000 

The  Twins 20,000 

The  Brothers 15,000 

Sand  Creek 18,000 

Twelve  Polo 33,000 

Medoc 30,000 

Gunpowder 37,500 

FliiiMsland 84,000 

Oil  Creek 72,000 

Pni)pv  Creek 76,800 

ScnlHetown 72,000 

Casey ville ;   84,000 

"Walker's  Bar 96,000 

Office  expenses,  engineering,  inspection,  &c 25, 000 

Total 955,800 

I  would  recommend  that  no  special  allotment  be  made  for  the  Davis 
Island  Dam,  but  that  the  title  of  the  appropriation  be  "for  the  improve- 
ment of  the  Ohio  Eiver,  including  the  Davis  Island  Dam.'^  The  object 
of  such  a  wording  is  to  authorize  the  Chief  of  Engineers  to  make  such 
an  allotment  as  will  enable  the  engineer  in  charge  to  take  advantage  of 
all  favorable  opportunities,  and  to  prosecute  the  work  with  energy  and 
economy.  All  parties  concerned  in  navigating  the  Ohio  are  agreed  that 
inasmuch  as  the  work  has  been  begun  it  should  be  carried  on  with  the 
utmost  energy. 

Money  stateinent 

Jnlyl,  1879,  amount  available $339,109  50 

Amonut  appropriated  i»y  act  approved  June  14,  1880 250,000  00 

$589, 109  60 

July  1,  1880,  aniomit  expended  during  fiscal  year 234, 479  98 

Julvl,  1880,  outstanding  liabilities 3,648  78 

238,128  76 


iAi 


July  1,  iy.^(),  amount  available 350,980  74 

Amount  that  cau  be  jirofitably  exjieiided  in  fiscal  year  ending  June  30, 1882    955, 800  00 
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THE  LA  MTJLATlfeBE  DAM  ON  THE  SA6nE  AT  LYONS. 

DESCRIPTION  OF  THE  NEW  SYSTEM  OF  WICKETS  ADOPTED  FOB  THIS 

DAM. 

By  A.  Pasquean,  Engineer  dea  Fonts  el  Chauss^. 

pejeface. 

Lyons,  1879. 

The  movable  dam  which  we  are  now  building  at  La  Mulatiere,  near 
Lyons,  is  situated  directly  at  the  junction  of  this  river  with  the  Rhone.  It 
bad  to  satisfy  certain  si)ecial  and  difficult(0  conditions  which  led  to  the 
successive  rejection  of  all  the  systems  thus  far  tried  or  proi^osed.  After 
five  j^ears  of  research  we  have  succeeded  in  devising  a  new  type  of 
movable  dam  which  seems  to  answer  all  the  requirements  of  the  situa- 
tion, and  which  could  be  advantageously  employed  for  all  dams  of  high 
lift  which  require  wide  passes  unobstructed  by  piers. 

By  a  decision  of  March  31,  1879,  the  Minister  of  Public  Works  defi- 
nitely approved  of  our  system  for  the  dam  at  La  Mulatiere,  speaking  of 
it  in  very  flattering  terms(^).  We  here  beg  leave  to  tender  him  our 
hearty  thanks. 

In  order  to  be  able  to  reply  at  once  to  the  questions  which  have  been 
addressed  to  us  on  the  subject  of  this  dam,  we  have  summed  up  in  this 
description  the  principal  innovations  which  characterize  our  system, 
and  the  advantages  which  result  therefrom. 

DESCRIPTION  OF  THE  NEW  SYSTEM  OF  WICKETS  APPROVED  FOR  THE 

DAM  AT  LA  MULATlfeRE. 

DEFECTS  OF  FORMER   SYSTEMS. 

In  existing  dams  with  movable  wickets,  the  latter  are  lowered  by 
means  of  a  tripping-bar  which  slides  on  rollers  fastened  to  the  floor,  and 
is  moved  by  complicated  machinery  placed  in  the  abutments  oi  the 
dam,  and  in  piers  built  in  mid-river  to  receive  it. 

When  this  machinery  is  set  in  motion,  the  projections  on  the  trip- 
ping-bar successively  force  the  props  into  the  runways  of  their  corres- 
ponding hurters,  and  the  wickets  fall  roughly  on  the  floor. 

This  arrangement  presents  serious  objections. 

The  width  of  a  single  pass  is  limited,  at  most,  to  from  130  to  160  feet, 
by  the  necessity  of  securing  sufficient  travel  for  the  lugs  on  the  trip- 
piing  bar,  (^)and  suitable  mobility  for  the  apparatus  required  for  throw* 
ing  down.  To  obtain  this  width  it  even  becomes  necessary  to  let  down 
the  wickets  in  groops  of  two  or  three  towards  the  last,  and  to  use  two 
tripping-bars,  of  from  65  to  80  feet  each,  acting  in  opposite  directions  on 
each  one  of  the  two  halves  of  the  same  pass.  Hence  the  impossibility 
of  using  this  system  on  passes  exceeding  160  feet,  without  dividing  them 

(»)  See  Note  1.  («)  See  note  12.  (»)  See  note  2. 

Note. — It  should  be  distinctly  understood  that  the  system  of  movable  dam  proposed 
by  us  for  the  amelioration  of  the  navigation  of  -the  Khone  has  no  connection  with 
tni^t  which  is  the  subject  of  the  present  pamphlet. 

The  system  which  we  propose  lor  the  Rhone  has  been  deduced  from  the  high-bridge 
system  of  Ta vernier,  which  leaves  the  sill  ontir»'ly  free  for  the  passage  of  gravel,  and 
which  on. this  account  is  particularly  suitable  for  the  improvouieut  of  this  river. 

With  this  in  view  we  made  a  study  of  two  modiiicatious.  The  lirst  was  the  subject 
of  an  article  under  date  of  May  15,  1«77.  The  second,  which  is  more  practical,  is  de- 
scribed in  our  general  study  of  the  improvement  of  the  Rhoue,  of  which  the  litho- 
graph was  dat€^  August  15,  1U78. 


1754    REPORT   OP   THE   CHIEF   OP   ENGINEERS,    U.    8.   ABMT. 

by  large  intermediate  piers^  which  are  dangerous  to  navigation  when  the 
dam  is  entirely  down. 

With  the  tripping-bar,  the  wicket,  at  the  moment  of  tripping,  falls 
violently  from  its  full  height  to  its  blocks.  This  method  of  operating, 
then,  in  spite  of  the  cushion  of  water  formed  by  the  lower  poo],  produces 
violent  shocks,  which  are  admissible  for  wickets  of  limited  dimensions^ 
but  which  would  constitute  a  real  danger  for  wickets  of  3,500  to  4,000 
pounds,  falling  on  the  floor  from  a  height  of  from  13  to  16  feet.  More- 
over, these  shocks  absolutely  prohibit  the  adoption  of  wickets  entirely 
of  iron,  the  use  of  which  is  more  and  more  justified  by  the  increased 
price  of  wood  and  the  increasing  height  of  projected  wickets. 

In  the  system  now  used,  the  lowering  of  wickets  takes  place  in  Skpre- 
scribed  order j  and  if  a  wicket  refuses  to  fall,  all  the  rest  of  the  dam  must 
remain  up.  If  the  dam  is  partly  caught  by  the  ice.  it  is  impossitne  to 
lower  the  portion  that  is  free,  and  thus  reduce  the  lall  so  as  to  be  able 
to  disengage  the  rest. 

The  tripping-bar  is  a  frail  and  delicate  member,  which  complicates  the 
dam  with  a  great  number  of  adjustments  which  are  hard  to  make  and 
hard  to  keep  in  order.  If  a  stone  gets  between  one  of  the  lugs  and  the 
hurter,  if  a  cap  of  ice  forms  on  a  wicket,  we  are  forced  to  break  the  trip- 
ping-bar, and  to  give  ui)  opening  the  dam  by  this  method. 

All  the  parts  are  placed  under  water,  or  in  wells  inconvenient  of  ac- 
cess.   Kepairs  and  inspection  by  divers  are  diflicult  and  dangerous. 

DOUBLE  STEPPED   OR    INDENTED  HURTER. 

We  have  overcome  these  disadvantages  by  the  following  improve- 
ment: The  trip])ing-bar  and  its  accessories  have  been  entirely  sup- 
pressed. Tlie  hurter,  in  front  of  the  ordinary  step,  which  we  will  call 
the  resting  step  feran  (P  arret  J  has  a  se(!ond  step  whose  vertical  face  forms 
a  very  sharp  angle  with  the  axis  of  the  runway. 

This  second  stei),  we  have  named  the  sliding  step  (cran  de  depart),  and 
we  call  the  whole  hurter  thus  modilied  a  double- stepped  hurter  {Olis- 
siere  a  denx  cransJ) 

The  raising  of  the  wickets  takes  j^lace  as  in  the  ordinary  system.  The 
operator  pulls  on  the  breech  chain  until  the  prop  falls  upon  the  resting 
step.  He  is  notified  of  this  fact  by  the  noise  of  the  prop  falling  upon 
the  hurter,  or  by  th<»-  arrival  at  the  windlass  of  a  link  marked  for  this 
purpose.  It  then  only  remains  for  him  to  slack  off  the  chain  by  means 
of  the  brake  in  order  to  set  up  the  wicket  and  close  thie  corresponding 
j)art  of  the  pass. 

The  lowering,  on  the  contrary,  is  effected  in  our  system  in  a  manner 
entirely  novel  and  exceedingly  simple. 

To  lower  the  wicket  it  is  only  necessary  to  draw  upon  the  breech  chain 
until  the  wicket  is  swung;  then  continue  the  pull  until  the  prop  falls 
down  its  sliding  step,  and  then  slowly  pay  out  the  chain  by  means  of  the 
brake  on  the  windlass.  The  prop  spontaneously  directs  its  course  towards 
the  runicay  by  the  action  of  the  obliijue  plane  forming  the  vertical  face 
of  this  step,  and  the  wicket  falls  gently  upon  the  floor  icithout  any  sort 
of  shocks  as  if  the  hands  of  the  lock-keeper  had  laid  it  down  upon  the 
blocks  placed  to  receive  it. 

Our  system  of  double-stepped  hurter s  entirely  does  away  with  the  trip- 
ping-bar and  the  inconveniences  which  accompany  its  use.  Each  wicket 
is  entirely  independent  of  its  neighbors.  It  contains  in  itself  everj'thing 
required  for  manii)ulation,  both  for  raising  and  lowering. 
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ADVANTAGES  dF   THIS  HURTER. 

Our  system,  then,  presents  the  following  advantages: 

1.  With  the  tripping-bar  the  width  of  a  single  pass  is  limited  to  160 
feet.    To  attain  a  greater  width  intermediate  piers  are  necessary. 

With  our  dovhlestepped  hurter  the  pass  can  have  any  defiired  widt\ 
for,  as  each  wicket  contains  its  own  working  parts,  it  becomes  possible 
to  place  many  hundred  of  them  in  succession,  one  after  the  other,  icithr 
out  any  intermediate  pier. 

By  means  of  this  improvement  the  pass  of  the  dam  which  we  are  now 
actually  constructing  on  the  Sadne,  at  La  Midati^re,  near  Lyons,  will 
have  a  width  of  340  feet,  and,  without  any  intermediate  pier,  it  will  in- 
clude the  entire  free  width  of  river  between  the  lock  and  the  dividing 
dike  of  Perrache.  This  advantage  is  keenly  appreciated  by  boatmen  on 
account  of  the  exceptional  lengih  of  the  boats  which  frequent  the  Rhone, 
and  of  the  pronounced  obliquity  of  the  La  Mulati^re  bridge,  a  short 
distance  above  the  dam,  with  the  general  axis  of  the  river. 

This  peculiarity  of  our  system  could  likewise  be  of  great  service  in 
the  dams  now  in  course  of  construction  on  the  rivers  of  North  America, 
which  are  traversed  by  rafts  of  exceptional  width,  and  also  in  the  dams 
which  will  sooner  or  later  bo  built  on  the  great  rivers  of  Europe,  near 
their  mouths,  in  the  portions  which  are  frequented  by  sailing  vessels. 

2.  With  the  tripping-bar,  lowering  takes  place  roughly,  and,  near  the 
end  of  the  operation,  by  groups  of  wickets. 

With  the  double  stepi)ed  hurter  it  takes  place  without  any  kind  of 
shocTi^  and  the  wickets  are  led  by  hand  quite  down  to  the  blocks  placed 
to  receive  them.  It  then  becomes  possible,  with  this  method  of  lower- 
ing, to  build  wickets  considerably  higher  than  13  feet,  and  to  use  noth- 
ing but  iron  for  the  panels,  as  we  have  done  with  those  of  the  dam  at 
La  Mulati^re. 

3.  With  the  trii)ping-bar  the  lowering  takes  place  in  a  proscribed 
order,  and  a  single  obstinate  wicket  may  stop  the  whole  operation.  In 
our  system  the  lowering  can  go  on  in  any  order  whatever.  If  a  dam- 
aged wicket  requires  attention,  if  the  dam  lias  been  i)artly  caught  in  the 
ice,  it  is  possible  with  our  hurter  to  lower  all  the  free  wickets,  and  to 
return  to  the  others  after  having  obliterated  the  fall  by  this  partial 
lowering. 

4.  The  trip])ing-bar  is  a  frail  and  complicated  member.  The  double- 
stepped  hurter,  on  the  contrary,  is  so  simple  and  rustic  that  any  chance 
of  breaking  or  of  injuring  this  part  of  the  mechanism  seems  altogether 
improbable. 

By  thus  suppressing  the  most  delicate  and  the  most  inaccessible  part 
of  the  wicketdam,  repairs  and  examinations  will  be  more  rare  and  less 
expensive. 

6.  With  the  tripping-bar  we  are  compelled  to  build,  the  whole  pass 
simultaneously,  in  order  to  lay  and  test  the  tripping-bars  which  pass 
across  its  entire  length.  With  the  double-stepped  hurter  it  becomes 
easy,  by  means  of  intermediate  cofter-dams,  to  divide  into  any  number  of 
parts  the  construction  of  a  pass,  just  as  we  are  now  doing  with  the  dam 
at  La  Mulati^re.* 

6.  With  the  tripping-bar,  and  the  shocks  which  result  from  its  use,  it 
is  impossible,  or,  at  the  very  least, 'quite  dangerous,  to  lower  wickets  of 
13  feet  under  falls  exceeding  2^  feet. 

With  the  double-stepped  hurter  the  power  required  to  lower  wickets 

*  See  note  3. 


1756  REPOET  OF  THE  CHIEF  OF  ENGINEERS,  U.  8.  ABMT. 

of  14J  feet  under  falls  of  5  feet  is  much  less  than  that  which  the  wind- 
lass must  be  able  to  exert  for  raising.  It  then  seems  possible  with  this 
system  to  lower  without  clanger  wickets  of  large  dimensions  under  very 
heavy  falls.* 

Besides,  with  our  system  it  is  possible  to  calculate  exactly  the  x>ower 
required  for  lowering,  and  the  dimensions  of  the  parts  necessary  to  give 
such  i)ower;  while  with  the  trii>ping-bar  it  is  impossible  to  foresee  the 
strains  to  which  it  will  be  subjected,  and  which  so  often  produce  the 
rupture  of  this  piece,  in  spite  of  the  excessive  weight  which  experience 
has  gradually  been  compelled  to  give  it. 

7.  With  the  trip])ing-bar  the  crest  of  the  dam  cannot  be  lowered  ex- 
cept by  inadmissible  complications. 

With  our  system  of  lowering  it  is  very  easy  to  add,  below  the  resting 
step,  a  third  step,  by  which  we  can  give  to  the  wicket  at  will  a  much 
greater  inclination  to  the  vertical,  and  can  fix  the  crest  of  the  dam  at, 
say,  1.J  feet  below  the  normal  level  of  the  pool.  To  lower  the  dam  whm^ 
held  at  the  third  step^  we  have  only  to  pull  the  wickets  up  to  the  sliding 
step,  without  stopping  on  the  fitst  resting  step,  and  then  to  pay  out  the 
chain  as  in  the  first  case. 

We  call  this  second  resting  step  the  reducing  step  ( Gran  de  rSductian). 
and  the  hurter  with  three  or  more  steps  indented  hurter  {gliasidre  a 
criynaiUere), 

As  a  matter  of  experiment,  we  propose  to  apply  the  reducing  step 
to  some  of  the  La  Mulatiere  wickets. 

8.  In  the  preliminary  project  which  we  drew  up  for  La  Mulatifere  ac- 
cording to  the  old  system,  the  tripping-bars  with  intermediate  pier  were 
estimated  to  cost  $11,000.  In  our  project  as  finally  approved  with 
double-stepped  hurter,  this  ex])ense  is  entirely  saved. 

Our  system  then  eif(^cts  a  marked  economy^  aside  from  the  other  advan- 
tages which  it  presents,  t 

VARIOUS  I]Vn>ROVEMENTS. 

The  wickets  which  we  are  building  for  La  Mulatiere  have  also  the  fol- 
lowing improvements : 

A.  Experience  with  the  Ile-Barbe  dam  shows  that  wooden  wickets 
hanlly  last  ten  years,  while  the  iron  lock-gates  at  the  same  dam  are  yet 
entirel}^  sound.  We  have  therefore  wholly  excluded  wood  from  our 
dam. 

The  panels  of  the  wickets  are  14.3  by  4.6  feet.  They  are  formed  of 
two  bars  of  U  iron  7J  by  |  inches,  brought  within  2.95  feet  of  each  other 
in  order  to  reduce  the  length  of  the  head  of  the  horse.  They  are  covered 
by  ^g-inch  plate-iron  i)rojecting  10  inches  beyond  the  uprights,  sup- 
ported by  brackets  and  stiffened  at  the  edge  by  a  2f-inch  angle  iron. 
A  casting  forming  a  part  of  the  counterweight  answers  for  the  fastening 
of  the  handle  of  the  breech. 

B.  A  flutter  valve,  5  feet  by  3,  is  i)laced  in  the  chase  to  form  a  partial 
outlet,  and  to  facilitate  the  regulation  of  the  pool.  It  is  held  in  place 
by  a  bell  crank  which  has  the  necessary  property  of  keeping  it  shut 
more  and  more  firmly  under  increasing  water  pressure  when  the  wicket 
is  up,  and  also  under  tlie  action  of  boats,  or  of  the  current  when  it  is 
down.  It  is  easily  worked  from  the  foot-bridge  by  means  of  a  pole  with 
a  head  like  that  of  a  cane,  whicli  is  sui)|)()rted  by  a  light  derrick. 

C  The  old-style  journal  boxes  of  the  horse  with  their  wooden  wedges 
are  unsuitable  for  large-sized  wickets.     The  journal  boxes  with  screws 

*  See  note  4.  t  See  note  7. 
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'  led  or  propoaed,  cannot  be  dismount^'d  after  a  few 
mouths'immeraion.  We  hiive  got  rid  of  these  troubles  by  siipiiressiug- 
the  lower  axle  of  the  horae.  A  Bessemer  steel  Joiu'nal  box  with  three 
checks  receives  the  two  lower  eyes  of  the  uprights  of  the  horses  of  two 
adjacent  wickets,  and  holds  them  by  a  steel  bolt  2-J  inches  in  diameter, 
with  washer  and  pin  at  eiicli  end.  Eveu'  should  there  be  a  thick  coat- 
ing of  rust  and  scale,  it  will  always  lie  easy  t*>  cut  one  of  tlivse  pins 
with  a  chisel,  and  to  dismount  a  widket  by  driving  out  tlie  bolt, 

D.  We  have  wholly  discarded  the  oldwoodon  sill,  whose  renewal  was 
accompanied  by  serions  ditflcnlties.  In  place  of  it  we  use  a  cast-iron 
sill  Irom  IJ  to  2i  inches  thick,  which  will  laat  as  long  as  the  floor  itself. 

E.  At  La  Mnlatidre  the  wickets  will  be  worked  both  in  raising  ami 
lowering  by  a  very  small  steam- inindtass  traveling  on  a  8er%'ice  briilge. 
The  same  windlass  will  perform  the  four  operations  of  lowering  and 
raising  the  wicketa  aud  the  trestles  with  attached  flooring.  By  this 
means  we  can  raise  the  daui  in  eight  hours  and  lower  it  in  four  and 
one-half  hours;  that  is,  work  the  entire  pass  of  340  feet  which  we  are 
building  at  La  Mulatiere.* 

WIDE-SPAN  THESTLE8. 


The  service  bridge  designed  to  carry  the  windlasH  presents  the  follow- 

;  innovations: 

L  Up  to  the  present  time  the  trestles  have  been  made  to  eijual  the 
wicketa  in  number,  and  the  depth  of  the  trench  necessary  to  sbLdtir  tlii-in 
when  down  has  rapidly  inci-eased  with  the  height  of  the  bridge.  At  Im 
Mulatifere  for  a  bridge  rai&ed  20  feet»above  the  sill  this  arrangeiiu'nt 
would  re-quire  trestles  23i  feet  high,  lying  six  ranks  deep,  and  necessi- 
tating a  trench  4  feet  in  depth,  which  would  have  increased  to  intoler- 
able proportions  the  danger  of  silting  up  and  the  dilUcidties  of  working. 

To  avoid  these  inconveniences  we  have  prorided  a  tcide-span  service 
bridge,  placing  the  trestles  9.8  feet  apart,  and  opposite  the  even-uum- 
bere<l  wickets.  These  trestles,  when  down,  superpose  in  only  thite 
ranks,  and  thereby  we  have  been  enabled  to  reduce  the  depth  of  th& 
trench  to  28  inches,  to  diminish  the  chance  of  silting  up,  to  increase  the 
rigidity  of  the  trestle  while  at  the  same  tijue  diminishing  the  total 
weight  of  bridge,  and  to  reduce  to  23.3  feet  the  total  height  necessary  in 
order  to  have  the  flooring  19.7  feet  above  the  sill. 

2.  The  removal  of  the  bridge-planks  by  hand  and  their  transportattou 
to  a  storehouse  at  every  flood  becomes  impracticable  with  the  weight 
ihey  must  have  for  dams  of  high  lifts.  We  have  therefore  hinged  each 
section  of  the  flooring  to  the  corresponding  trestle,  and  each  trestle  ctir- 
ries  down  with  it  the  part  of  the  flooring  which  is  fastened  to  it,  an 
arrangement  similar  to  tliat  formerly  tried  on  the  Clier. 

3.  In  the  dams  of  the  Cher  each  section  of  the  flooring  books  on  to 
the  axle  of  the  section  that  preceded  it.  The  sections  are  longer  than 
the  intervals  between  the  trestles,  and  each  section  flnds  itself  caught, 
under  the  succeeding  trestle  when  the  whole  are  let  dowu  on  the  bottom. 

The  mperpOHition  of  the  tectioM  of  the  flooring  therefore  immoderately 
increases  the  depth  of  the  trench,  and  causes  the  loss  of  what  was  hci-e 
gained  by  the  omission  of  the  odd-numbered  trestles. 

In  our  system,  at  the  top  of  ea*;h  trestle  are  tiDo  distinct  thrles,  spaced 
13  inches  apart,  and  serving,  the  one  for  the  hinging  of  its  section  of 

t flooring,  and  the  other  for  hooking  on  the  nest  section.     The  total  length 
of  section  is  reduced  to  9.3  feet  for  trestles  spaced  9.8  feet,  and  all  the 
*8ee  Note  5. 
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sections  lie  end  to  end  when  down,  with  a  clearance  of  6  inches  between 
them  without  being  lapped  by  the  adjacent  trestles. 

4.  A  guiding  bar  fastened  to  the  windlass  during  the  operation  of 
raising  receives  the  flooring  just  as  it  is  about  to  strike  the  preceding 
trestle,  and  guides  it,  as  if  by  hand,  into  the  journal  boxes  arranged  on 
this  trestle  to  receive  it.  This  same  guiding  bar  prevents  the  end  of 
flooring  next  the  windlass  frohi  falling  down  as  soon  as  the  process  of 
lowering  is  begun,  and  lets  it  down  without  shocJc^  until,  by  its  own 
weight,  it  naturally  assumes  a  suitable  direction  for  falling  on  the  floor. 

5.  The  up-stream  beam  of  each  section  of  the  flooring,  being  the  one 
on  which  the  holding-down  hooks  of  the  windlass  pull  daring  the 
maneuver,  cannot,  like  the  lower  one,  be  simply  hooked  on  to  the  bolt 
of  the  preceding  trestle.    In  our  plan  a  T-shaped  end  insures  the  rapid 

'  coincidence  of  the  eyes,  and  a  key  enables  us  at  once  and  without  fiedl 
to  firmly  fasten  the  upstream  beam  in  the  journal  box  of  the  preceding 
trestle. 

6.  The  bottom  axle  of  the  ordinary  trestle  assembles  badly  with  the 
channel  iron  upright.  The  cost  of  the  dam  is  unnecessarily  increased| 
and  numerous  attempts  have  been  made  at  different  times  to  lessen 
these  difficulties.  We  have  completely  overcome  them  all  by  suppressing 
this  axle.  The  trestles  are  finished  at  their  lower  ends  by  angle  blocks, 
which  are  provided  with  eves,  and  they  are  fastened  by  two  independent 
bolts  to  double-cheeked  pillow  blocks  embedded  in  the  floor.  These 
cast  steel  bolts,  2^  inches  in  diameter,  have  washers  and  pins,  and  it 
merely  requires  the  cutting  of  the  pins  to  dismount  the  trestle  even 
after  it  has  been  a  long  time  under  water. 

7.  The  trestles  are  built  of  5^-itfch  channel  iron,  and  are  shaped  like 
a  double  St.  Andrew's  cross,  which  gives  them  great  rigidity  in  both 
directions.    They  are  syniiuetrical. 

8.  The  last  bay  of  the  service  bridge  is  spanned  by  a  rolling  bridge, 
which  is  run  back  into  the  abutment  with  the  greatest  facility  when  the 
lock-keeper  begins  at  the  lust  trestle  to  lower  the  service  bridge.  • 

9.  In  the  ordinary  trestle  the  upstream  upright  is  vertical,  and  it  is 
laid  down  lengthwise  of  a  vertical  cliainber  from  20  to  30  inches  deep. 
When  the  dam  is  up  gravel  collects  in  this  chamber,  and  it  is  necessary, 
as  at  Ile-Barbe,  for  exanii)le,  to  remove  the  deposit  by  a  diver  every  time 
the  trestles  have  to  be  lowered.  In  ouri)lan,  tbe  trestles  are  symmetri- 
cal, tiieir  journal  boxes  are  entirely  in  projection  on  the  floor,  and  the 
latter  is  connected  with  the  sill  b^^  a  slope  of  1  on  2,  which  is  less  steep 
than  the  natural  slope  of  sand  deposits. 

With  this  arrangement  there  is  every  reason  to  hope  that  the  trestle 
chamber  will  not  silt  uj). 

SUIVCVIARY. 

To  sum  up,  our  system  of  dam  allows  us — 

1.  To  close  passes  of  indefinite  width  by  means  of  wickets,  and  with- 
out the  use  of  an  intermediate  pier ; 

2.  To  put  an  end  to  all  shock  in  lowering ; 
And,  consequently, 

3.  To  make  wickets  entirely  of  metal ; 

4.  To  provide  in  a  practical  manner  for  falls  of  from  12  to  20  feet,  and 
even  more,  measured  from  the  metallic  sill  of  the  floor. 

It  also  permits  us — 

5.  To  work  dams  of  large  dimensions  rapidly ; 

6.  To  avoid  all  transportation  to  storehouses; 

7.  To  get  rid  of  the  principal  causes  of  iiyury  and  of  interference  by 
Band  and  gravel. 
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NOTES. 

Note  1. — Special  difficulties  at  the  La  Mulati^e  Dam. — In  an  ordinary  dam  the  rise 
CODU'8  from  above.  The  dam  can  and  should  be  opened  gradually  as  the  discharge 
iucreases.  It  will  thus  be  almost  entirely  down  when  the  natural  level  of  the  rise 
reaches  that  of  the  pool,  or  even  a  height  "somewhat  lower,  if  the  first  obstruction  to 
be  covered  is  so  far  up  stream  us  to  ])enuit  the  wat^er  surface  at  the  dam  to  be  lowered 
at  moderate  stages.  In  such  a  case  it  is  possible  to  place  the  service  bridge  at  only  20 
inches  above  the  level  of  the  pool  and  to  maneuver  the  dam  slowly,  since  we  have  at 
our  disposal  for  that  purpose  all  the  time  that  the  water  level  below  the  dam  takes  to 
pass  from  low-water  to  the  level  of  the  upper  pool,  or  to  its  reduced  level.  The  same 
i  hing  holds  for  closing  the  dam  when  the  water  is  falling. 

At  La  Mulati^re,  on  the  contrary,  the  Rhone  will  almost  always  take  the  dam  in  re- 
verse. The  i)as8  must  remain  entirely  closed  until  the  main  river  rises  from  th«  low- 
water  stage  to  the  level  of  the  pool,  and  it  will  then  be  necessary  to  open  the  dam 
very  rapidly  under  penalty  of  having  the  service  bridge  submerged.  So  also  it  must 
often  be  closed  in  a  few  hours  before  the  main  river  drops  below  the  level  of  the  dam,  ' 
in  order  to  prevent  the  pool  from  being  suddenly  emptied  by  a  rapid  decline  of  the 
Rhone. 

Moreover,  the  obstructions  to  be  flooded  are  so  near  the  dam  that  it  is  necessary  to 
keep  the  pool  constantly  at  ite  normal  level  without  reduction,  in  order  to  insure  at 
all  times  the  required  depth  of  8  feet. 

Hence  the  necessity  of  placing  the  service  bridge  at  6.6  feet  above  the  pool  and  of  ex- 
cludiug  all  systems  of  dam  for  which  eight  or  t-en  hours  would  not  suffice  to  maneuver 
the  whole  of  a  pass  340  feet  long  and  13  feet  above  the  sill. 

Again,  the  La  Mulati^re  dam  is  situated  only  1,500  feet  below  the  Saint  Etienne 
Railroad  Bridge,  whose  piers  make  the  marked  angle  of  50  degrees  with  the  general 
axis  of  the  river.  The  river  will  be  chiefly  naticat^d  by  the  immense  freight  boat4B  of 
the  Compagnie  G4nerale^  which  are  as  much  as  492  feet  long,  and  which  must  make  a 
sharp  turn  after  passing  the  bridge  t-o  get  out  into  the  Rhone  by  way  of  the  dam. 

To  insure  safe  navigation,  therefore,  it  is  indispensable  to  reject  all  systems  requir- 
ing piers  in  the  river,  and  to  leave  the  Sa6ue  entirely  free  over  the  340  fiict  included 
between  the  lock  and  the  dike  which  separates  it  from  the  Rhone. 

Lastly,  it  is  necessary  to  give  passage  to  a  considerable  discharge  (which  amounts 
to  2y,0()5  cubic  feet  at  8.2  feet  above  lovr -water),  to  resist  a  current  which  sometimes 
reaches  7.7  feet  per  second,  and  to  support  a  pool  raised  13.1  feet  vertically  above  the 
sill  of  the  pass,  and  which  will  have  a  lift  of  11^  feet  when  the  dikes  of  the  Rhone 
shall  have  reduced  the  minimum  draught  of  water  on  the  sill  of  the  lock  to  6^  feet. 

For  the  floods  of  the  SaOne,  therefore,  the  La  Mulati^re  dam  must  answer  aD  the 
demands  of  an  ordinary  dam  built  in  a  very  rajiid  river,  and  it  must  also  satisfy  pecu- 
liar and  altogether  novel  conditions  in  fulfllling  the  special  requirements  arising  from 
floods  in  the  Rhone,  which,  in  a  few  hours,  may  take  the  dam  in  reverse,  without 
allowing  any  opportunity  to  commence  working  it  until  the  rise  from  below  reaches 
the  h'vel  of  the  pool. 

Note  2. — Limiting  tcidih  of  former  passes. — ^The  tripping  bar  must  travel  about  6  inches 
to  trip  a  wicket  4  feet  11  iuche«  wide,  including  clearance.  It  follows,  therefore,  that 
the  projections  should  be  spaced  4  feet  11  inches  minus  6  inches,  that  is,  about  53 
inches  apart,  so  as  to  lower  the  wickets  in  succession,  and  that  with  a  single  tripping 
bar  it  is  impossible  to  lower  more  than  nine  wickets  in  succession,  since  tne  eleventn 

Erojection  strikes  the  tenth  wicket  at  the  same  time  that  the  first  projection  reaches  the 
rst  wicket.  It  is  true  that  sixteen  wickets  can  be  lowered  with  one  bar  by  separating 
the  projections  into  nine  groups,  so  as  to  lower  the  first  four  wickets  in  succession,  the 
next  six  in  groups  of  two,  and  the  last  six  in  grouj>s  of  three ;  but  this  extreme  limit 
has  not  been  exceeded,  and  it  even  seems  that  it  cannot  be  reached  at  all  without 
danger,  in  case  the  wickets  are  very  high.  As  sixteen  wickets  of  4  feet  11  inches 
make  78  feet  9  inches  linear,  two  tripping  rods  working  in  opposite  directions  most 
necessarily  be  used  to  close  a  pass  157|  feet  wide,  and  it  is  not  possible,  with  the  sys- 
tem of  lowering  by  tripping  bars,  to  make  passes  exceeding  160  feet  withoat  dividing 
them  up  by  means  of  intermediate  piers. 

Note  3. — The  construction  of  a  pass  hy  sections. — ^To  build  the  La  Mnlati^re  pass  in 
two  sections,  and  always  leave  half  the  river  open,  we  work  in  the  following  manner: 

The  half  of  the  floor  in  actual  process  of  constmction  is  closed  at  its  end  by  the 
concrete  bulkhead  B.  In  this  enclosure  we  expect  to  put  in  position  the  first  half  of 
the  mechanism.  We  will  then  remove  the  wickets  ana  the  trestles  for  the  last  20  feet, 
and  build  in  their  place,  inside  of  bulkhead  B,  a  clay  bulkhead  A,  covering  uf  the 
Journal  boxes  and  the  huiters  of  the  parte  removed. 

Next  year  we  will  complete  the  second  section  of  the  coffer-dam,  conneoting  it  with 
Imlkheaid  A ;  we  will  then  tear  awav  bulkhead  B  in  the  drv,  and  beyond  it  ire  will 
And  the  last  Journal  boxes  which  will  permit  ns  to  go  on  with  the  constmction  in  con- 
tinuity with  the  part  already  laid. 
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After  removing  bolkbead  A  it  will  b«  eaey,  by  meftus  of  a  diveT,  to  put  back  to- 
their  places  the  wickets  and  tbe  tresUee  whose  Juumal  boxes  were  coverod  in  nnder 
the  bulkhead  during  the  construction  of  tbe  second  section  of  the  pass,  and  thns  re- 
establish the  continult;  of  the  ilam. 

This  method  of  construction  was  first  suggested  to  us  by  conductor  Qivoiaet,  who 
superintends  the  work  with  equal  intelligence  and  devotion. 

Note  4. — Power  required  to  ikroie  doinn  ike  dam. — In  our  system  the  m 
required  to  lower  a  wicket  is  that  required  to  put  it  on  the  swing.     It  ie 


onlate  this  power  exactly  in  all  possible  coses,  and  to  ascertain  that  it  i 
the  figures  of  the  following  table  for  the  La  Mulatifere  wickets,  which 


feet. 


easy  to  caJ- 
B not exceed 
1  14.3  by  4.e 


To  tbexo  fignrea  must  be  a<lded  the  weight  of  the  chain,  which  is  111  poonda,  and  a 
tension  of  nliout  132  ponnds,  which  is  req  uired  to  pnt  the  wioket  on  the  awing  when 
it  is  ipiinersed  in  still  water. 

The  maneuvering  windlass  required  for  the  usual  method  of  raising  shonld  eamly 
develop  a  traction  of  11,000  pounds. 

It  ig  therefore  evident  that,  in  our  system,  tlio  ^wcr  required  for  lowering  is  rela- 
tively very  sinalt,  and  that  with  this  sysfein  it  is  possible  to  lower  wickets  of  great 
dimensions  under  falls  wlticli  would  prohibit  the  lowering  of  the  wicketa  by  the  use 
of  the  tripping  bar. 

TabU. 


Fall, 

if 

?ll 

r- 

llj 

pi 

Bammrb. 

""in 

Bll 

Pound*. 
170 

fcMS 

l.OO,'. 

!;S! 

1.*I4 
1,724 

Lm 

Z.  121 

a  m  poDDiis  tor  O.W  feot. 

eitniue  eamn  of  ordinuy 

.. .         .      .._     _       __ 

Note  5. — Working  (ime.^From  oxpcriraonts  made  with  the  La  Mulatibre  wioketSp 
le  timu  for  handling  the  wickets,  apparently,  shonld  not  exceed — 

wicket '...  3iiiinatea. 

trestle 8  minntea. 

wicket 5mini]t«fl. 

trestle Iminotes. 

t,  containing  69  wickets  and  34  trestles,  worked  by  Qm 


In  lowering \  „ 

In  raising J  j,' 


Note  fi. — Calcniation  of  alreea. — According  to  the  detailed  calculations  in  the  appen- 
dix of  trtir  report  of  December  '21,  IS7H,  the  miiviiinim  stress  per  sqnare  inch  in  the 
different  ports  does  not  exceed  the  following  amounts: 

Prop 1,536 

Upright  of  horse 3,414 

IleiHl  of  horse 8,534 

Biittum  axles  of  horse 2,560 

Upright  of  wickets 8,2aO 

Upright  of  trestles 6,120 

Axles  of  trestles 3,841 

Fwt-bridge 8,  BIB 
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Note  7. — Coat. — All  the  metal  work  of  the  La  Mulatl^re  dam  was  contracted  for 
May  2,  1879,  at  the  following  prices  per  pound,  net : 

Conts. 

Wrought  iron 4\ 

Cast  iron 2j 

Bessemer  strcel • j. 10 

Chains 6} 

The  machinery  is  ahiiost  entirely  finished,  and  weighs  as  follows : 

Pounda. 

Wicket,  with  chain,  bottom  casting,  and  counterweight 4, 846 

Trestle,  with  tioor,  &c 3,933 

Cast-iron  sill,  per  wicket 1, 267 

Hurter 2,304 

Journal-box  for  wickets 353 

Journal-box  for  trestles 309 

The  total  cost,  including  putting  in  place  and  painting  with  coal  tar,  will  amount, 
for  340  feet,  to  Jj28,552.57;  that  is,  per  linear  foot,  $83.98,  or,  per  square  foot  of  dis- 
charge area,  $6.40. 

Note  8. — Dam  tvith  traveling  crane. — We  had  at  first  designed  to  work  the  wickets  by 
means  olF  a  traveling  crane,  39J  feet  between  supports,  similar  to  those  everywhere 
seen  about  railroad  stations.  The  crane  was  to  travel  on  two  rails  projecting  above 
the  floor,  the  one  above  and  the  other  below  the  line  of  the  wickets.  The  workmen, 
stationed  on  the  crane,  would  j)ropel  it  along  with  them  by  applying  power  to  the 
driving  wheels,  and  they  would  seize  hohl  of  the  wickets  by  means  of  a  boat-hook 
secured  by  a  chain  to  a  movable  windlass  on  the  traveler.  The  double-stepped 
hurter  would  be  equally  adai)ted  to  the  raising  or  lowering  of  a  wicket.  By  omitting 
the  trestles,  the  dam  would  be  much  more  simple  and  less  expensive.  A  suspension 
bridge,  or  a  trail  ferry,  could  be  substituted  for  the  traveling  cram;. 

Wo  finally  gave  up  the  idea  of  proposing  this  arrangement  for  La  Mulati^re,  as  it 
would  perhaps  have  seeme<l  too  venturesome  for  the  first  trial  of  our  system. 

Note  [). — PatrniH. — ^The  double-stepped  hurter  and  the  other  novelties  described 
above  have  been  patented  in  Franco  and  abroad.  The  patent  taken  our.  in  France, 
at  our  own  trouble  and  expense,  is  only  designed  to  secure  to  the  French  state  the 
free  and  gratuitous  use  of  our  system  wherever  it  may  think  it  advantageous  to  em- 
ploy it. 

Note  10. — Maximum  and  minimum  discharge  of  the  Sa6}ie  at  its  mouth. — The  discharge 
of  the  Sa6ne  at  its  mouth  for  any  one  height  of  water  varies  within  wide  limits,  ac- 
cording as  the  Rhone  is  falling  or  rising. 

To  determine  the  mininmm  and  maximum  discharge  of  the  Sa6ne  at  the  height  of 
the  i)ool  (52^.19),  we  examined  the  records  of  the  past  ten  years,  and  noted  the  gauge 
readings  at  La  Feuill6e,  which  is. 2^  miles  above  La  Mulati^re,  each  time  that  the 
water  surface  reached  the  height  of  528.19  on  the  gauge  at  the  latter  point.  We  thus 
found  that  the  highest  corresponding  gauge  reading  at  La  Feuillde  occurred  January 
24,  1873,  and  that  the  gauge  at  NeuviUe,  16  miles  above,  and  beyond  the  efifect-s  of 
backwater  fron>  the  Rhone,  read  that  day  9.32,  which  corresponds  to  a  discharge  of 
29,065  cubic  feet. 

As  the  greatest  discharge  of  the  S6ane  at  its  month  takes  place  when  the  river 
surface  presents  the  greatest  slope  above  this  point,  we  concluded,  from  what  pre- 
cedes, that  the  maximum  discharge  of  the  Sa6ne  at  the  height  of  528.19  is  29,065  cubic 
feet. 

Note  11. — Diagram  of  tlie  differences  of  level  during  maneuvers. — After  having  deter- 
mined, by  the  above-mentioned  method,  the  maximum  and  minimum  discharges  for 
a  series  of  stages  from  low-water  up  to  the  highest  navigable  stage,  we  constructed 
the  curves  of  maximum  and  minimum  discharge  of  the  Sa6ne  at  its  mouth,  marking 
the  heights  of  the  water  on  the  axis  of  ordinates.     [See  plate  3.] 

We  then  calculated  and  jdotted  on  the  same  sheet  the  curves  of  discharge  through 
the  dam — 

1.  When  all  the  movable  parts  are  up. 

2.  When  the  flutter  valves  of  the  wickets  are  entirely  open. 

3.  When  the  upper  gates  of  the  weir  are  removed.* 

4.  When  the  lower  gates  of  the  weir  are  removed. 

5.  When  the  pass  itself  is  completely  open. 

These  calculations  were  made  by  var3'ing  the  formulas  according  to  the  conditions 


* 


The  dam  consists  of  a  navigable  pass  of  340  by  13  feet  high,  closed  by  wickets 
with  flutter  valves  according  to  our  system,  and  a  weir  260  by  8  feet,  closed  by  two 
tiers  of  Boul^  gates.  The  latter  is  almost  at  right  angles  to  the  pass,  and  discharges 
ita  waters  into  the  Rhone. 

Ill  B 


k^ONS. 


r- ■■    ■ 

LETS. 
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{ 
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X  2. 

IMTllOVEMENT  OF  MONONaAHlOiA  UIVER,  WEbT  VIHGINIA  AND  PENNSYL- 
VANIA. 

At  the  close  of  the  last  fiscnl  year  the  eonditiou  of'  the  lock  and  dam 
at  Hoard's  Itocks,  We.st  Virginia,  was  as  tollovvs: 

The  lock  was  finished,  exce[>t  the  miter  and  lift  walls  at  the  liead,  all 
of  which  had  been  purposely  omitted,  anil  the  liant^in;^  of  tiie  ;[^ates  and 
wicket«- 

Tlie  dam  was  abont  two-thiixls  done,  the  jnost  dilUcnlt  part  of  the 
work  having  been  satisfactorily  completed. 

J)iirin^  the  tisciil  year  jnst  endcnl  the  whole  work  has  been  finished 
and  the  hxjk  opened  to  navigation. 

It  nmy  be  worth  noting  that  during  the  extreme  low--water  of  latst  au- 
tumn, when  the  Ohio  and  all  of  its  tributaries  nearly  ran  dry,  the  pool 
of  the  Hoard's  Hoclvjs  dam  not  only  renmined  full,  but  had  a  steady  over- 
flow, although  the  combs  of  the  dams  below^  were  ^  or  4  feet  out  of 
wa^er,  and  all  navigation  throug:h  the  lower  h>ckH  was  suspended ;  and 
this  notwithstan<ling  the  tact  tluit  the  Cheat  liiver  joins  the  Mononga- 
hela  below  HoaitVs  Kocks.  This  favorable  result  at  such  a  time  proves 
the  wisdom  of  tlie  advice  of  Cleneral  Moorhead,  the  i)resident  of  the 
Monongahela  [Navigation  Company,  thiit  we  should  build  the  Hoard's 
Eocks  (lajn  of  masoniy  instead  of  timber. 

Owing  to  the  fact  that  theix*-  are  two  (h>ms  yet  to  l>e  built  hefore  the 
slackwater  will  be  complete  to  Morgantown,  the  prewent  structure  is 
thus  far  of  but  little  use  to  navigation,  and  [)a::*sj^?e  through  the  lock 
has  bt^en  limited  to  rafts  iind  tlat  boats. 

The  cause  of  this  ftnomalous  condition  of  Jiifairs  is  fully  set  forth  in 
my  various  annual  reports  on  the  improvement  of  the  Fpper  Mononga- 
hela. 1  am  happy  to  state  that  the  appropriation  of  $:i5,(X)0  made  in 
the  river  and  harbor  act  of  »June  14,  1S80,  for  building  a  lock  and  dam 
near  Laurel  Uun  is  the  first  step  towaitls  tlie  construction  of  the  miss- 
ing link  which  will  bring  the  work  already  flnished  into  connection  with 
the  line  system  of  slackwater  tlmt  has  for  many  years  so  largely  con- 
tributed to  the  deveJopment  of  the  counties  along  the  Lower  Mononga- 
hela. 

0OM3IEH0IAJ.  statistics; 

The  only  a\iiilable  commercial  statistics  are  the  annual  reports  of  the 
Monongahela  Navigation  Company.  All  of  the  coal  business  of  this 
eomi)any  is  done  in  the  first  four  pools,  as  is  also  the  greater  i)ortion  of 
its  remidning  traffic.  These  statijstics  are  not,  therefore,  applicable  to 
the  Upper  Monongahela,  but  since  there  are  no  others,  and  inasmuch 
as  the  heavy  traffic  is  steadily  working  its  way  up  stream,  the  figures 
given  are  useful  as  an  approximate  measure  of  what  may  be  expected 
in  the  future. 

SHIPMENTS  ON   MONON'GAHKI^   SLAGKWATKR  IT*   1:J79. 

Coal,  coke,  and  slack buHlieln. .  C2, 015, 300 

Classified  frei^bt ,.! pounds..  42,5ffe,450 

Lumber feet . .  5, 4:U),  100 

Timber  ...^ do  ..  2,376,  IttO 

Brick 1,057,150 

Steel  rails toua..  25,046 

Iron  ore ,..-* , ^.^ do..  2,405 

Pigitoii.^ do..  1,820 
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Fin^  <')ny , tons. .  2. 

Whisky bam'ls..  T. 

Oil  in  Inilk do....  M. 

Sainl    InishfU..  471. 

Stono j>errht's.. 

Wooil cunlH.. 

Btavort Hi», 

PostH At 

SlitM'i* h**ad . .  :< 

Ho;;s do...  '.i 

Cftttlo  and  liorHt'n do . . . 

Passi'n^oiH '»1 

WORK  DURING  1880-'81. 

The  first  work  to  be  done  during  the  i)roseiit  seasou  will  be  to  i 
chase  the  nei*4?ssary  land  for  lock  and  abutments. 

It  is  ju'obable  that  as  soon  as  this  matter  is  satisfactorily  arniii;; 
8  will  b(?  made  for  the  delivery  of  the  stoue  reqiiiretl  for  the  k 

ESTIM.VTE  FOR  1881-^82. 

The  estimated  cost  of  the  h)ck  at  Dunkard  Creek  (near  Laurel  Ki 
as  given  in  my  last  annual  report,  is  $115,000,  of  which  sum  ^-*"». 
was  approjuiatiMl  in  the  last  river  and  harbor  act.  lu  work  of  tlii> iL 
acter,  which  can  only  be  ju-oseeuted  during  the  brief  and  unctTt 
period  of  low-water,  it  is  of  the  highest  icni)oitaiice  to  liave  ani[)le  fui 
on  hand  in  order  to  be  able  to  take  sidvantage  of  all  favorable  t»|»i 
tuuities,  and  to  thus  reduce  the  cost  of  engineering  and  siiperinteiidci 
and  the  wear  and  tear  of  plant  and  colfer-dams.  For  f  liis  n.*asi»ii 
whole  of  the  estimated  cost  of  the  lock  should  be  provided  ;  and  I  tlit 
fore  submit  an  estimate  for  the  sum  of  81H),0()0,  which  is  still  nee^liNl 
order  to  comi)lete  the  original  estimate. 

lyieanwliile  it  is  ne(»essary  to  ])rovide  f(U'  the  workiii<r  e.xpenses  of  i 
lock  at  Hoard's  Hocks,  together  with  a  small  sum  for  making  tin*  n 
liing  repairs  that  are  always  needed  at  such  structures.  For  the^st-  pi 
poses  $2,(M)()  will  sutlice.    The  estimate  is,  therefoi-e,  as  follows: 

To  oonii»l<*ti*  lock  at  month  of  Dunkard ^*.i.< 

For  rnnnin}:;  t^xpcnscH  of  l(M:k  at  IIoanTN  IJ<»rk.«» *.',( 

Total  for  inipn»v('nnMit  of  Ui»p«r  Monon;;ali('la ly. i 

Money  statement. 

Jnly  1,  lrt7l>,  ainonnt  available $->L>,  r>-i<i  r7 

Amonnt  api>ropriatt'd  by  "*'t  approved  Jnno  11,  l-rrO 2r>,  000  CH) 

■ $47,"»^.» 

July  1,  IHSO,  amount  oxpiMiiU'd  diiri w^  fiscal  year -A*, >T* 

July  1,  I'if^O,  amonnt  available i'l.  ihi.i 


Amount  (e»timated)  lecjuired  for  completion  of  existing  project liilji^' 

Aiuouut  that  can  be  prolitably  expended  in  fiscal  year  eliding  June  30, 1S82.     IW,  (MJ  ■ 


X3. 

IMPROVEMENT  OF  THE  ALLEGHENY  RIVER. 

The  first  appropriation  for  the  improvement  of  the  Allegheny  Riv< 
was  made  in  the  river  and  harbor  act  of  3Iarch  3^  1879.  The  ainoai 
was  $10,000.  and  it  was  expended  as  follows  : 

A  dam  or  cribs  filled  with  stone  was  built  to  dose  the  right-hao 
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channel  at  Six-mile  Island,  6  miles  above  the  month.    It  tnrus  water 
at  the  3J-foot  stage. 

A  riprap  dam  was  bnilt  across  the  left-hand  channel  at  Nicholson's 
Bapids,35  miles  above  the  month.     It  tnrns  wat^r  at  the  3-foot  stage. 

A  sand-bag  dam,  for  temporary  nse,  wa^  built  at  Gan-ison  Ripple. 
'  The  channel  at  the  mouth  of  the  Allegheny  was  dre(Tged  out  so  as  to 
allow  light  barges  to  pass  from  the  Ohio  and  Monongahela  into  the 
Allegheny. 

A  crane-boat  was  i)urchased  and  equipped,  and  put  to  work  remov- 
ing rocks,  snags,  wrecks,  and  other  obstructions.  Tier  work  may  be 
summed  up  in  the  following  table.  The  rocks  numbered  are  only  the 
large  ones,  no  count  being  made  of  the  small  ones. 


Locality. 


Six-milo  Inland    

Nine-mile  iBland 

Fonrtoen-mile  Island  . . . 

Poketo  Rapid  

Ball  Creek  Rapid   

Thence  to  Jack's  Island 

Jack's  Island 

Kearn's  Bar 

Freeport 

Mnrphy's  Island 


a5 


I 


11 
36 
14 
25 
40 
60 
112 
90 


115 


Total    - 603 


i 
& 


1 

5 
2 


Nest. 


1 

ioo 


I 


%4 

s 

Pi 


Cfub.yda, 


400 


109 


40» 


A  number  of  bad  rocks  at  Oil  City  were  removed  by  a  special  party. 
These  undertakings  used  up  the  whole  of  the  appropriation. 


COMMERCIAL  STATISTICS. 

It  is  impracticable  to  give  accurate  statistics  of  the  commerce  of  an 
inland  river,  as  there  is  no  public  necessity  that  causes  the  compilation 
of  accurate  records.  All  that  can  be  done  is  to  give  such  facts  as  are 
accessible.  , 

Mr.  Thomas  P.  Roberts,  assistant  engineer  in  charge  in  1879,  reports 
as  follows : 

A  steaiiior  ami  fleet  of  barges  carrying  oil  constantly  plies  on  this  river  from  the  oil 
fields  to  Huntingdon,  \V.  Va.,  whenever  the  stage  of  water  permit's.  Several  hun- 
dred thousand  barrels  of  oil  have  been  annually  shipped  by  tins  route  to  Richmond, 
Va.  Five  other  steamers  are  also  regularly  engaged  in  the  oil  trade  from  the  Pitts- 
burgh and  Ohio  River  refineries  to  the  oil  regions,  but  the  quantity  of  oil  transported 
by  tliem  I  have  been  unable  to  obtain.  It  is  usual  for  a  steamer  to  have  three  barges 
in  tow,  and  they  transport  about  7,5^  barrels  at  one  trip. 

It  is  estimated  that  the  lumber  trsule,  exclusive  of  railroad  ties,  &c.,  amounts  to  over 
200,r(iO.i'iK)  feet  annually.  Besides  this,  immense  quantities  of  staves  and  finished  bar- 
rels are  annually  transported  on  the  river.  The  nat-boats  specially  engaged  in  this 
business  are  quite  numerous. 

The  construction  of  "bottoms"  for  Ohio  River  coal-boats,  and  latterly,  at  Freeport 
and  other  points,  of  finished  boats  and  barges,  is  a  large  industry,  giving  employment 
to  many  hands,  saw-mills,  &,c. 

The  tonnage  of  the  Pitt-sburgh  coal  barges  and  boats  ahme.  represents  a  greater  car- 
rying capacity  than  is  owned  by  any  city  in  America.  These  boats  range  from  400  to 
700  tons  burden  each,  and  S,00b  of  them  are  in  constant  nse.  It  is  a  safe  calculation 
to  assume  that  1^00  new  boats  are  required  every  year,  a  large  proportion  of  which 
come  from  the  Allegheny. 

A  very  extensive  trade  in  limestone  is  also  carried  on  to  supply  the  furnaces  at  Pitts- 
burgh, which  alone  gives  employment  to  several  hundre<l  men.    Considerable  coal  is 
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also  abipiN'd  from  iMiut  to  iK)int.  AnotlK^r  Uviii  of  im porta iirc  is  the  tradt*  io  btf^l 
for  «tTPot-|i«viii{»  nnrooHr'H. 

;  In  sliori,  tbt'  Allf'>;nen,y  up  to  and  throu;;h  tho  oil  re>;ion8  in  a  channel  for  a  1 
and  niiHi<i>llaiiroiiH  roiniiiPTCt' of  very  conrtirlt'iablc*  importjuice,  a;^>cr«igatiu^  in  vaii 
leaHt  Ar),OfM),<ioii annually  :  and  it  is  a  cliannci  very  Musceptible  of  iniyVruvt'nii*nt.  »l 
if  onnM'tVectnl,  u-(»nld  jrivatly  angnuMit  a  rommrrc**  tlmt  now  sufl'em  miirh  frnr 
nnceilaiuty  of  a  r<iliftl»h»  depth.  Tli«  troul)le  i«  tlicn*  is  too  ruiit'h  idl«*  tinu*  fi-i 
boats  Ml  UMt',  and  tbr  more  this  timo  is  rnrtailed  1h«i  )^reii.ter  the  iitdiioenicnLs  vi 
for  Hbipprif*  to  avajl  1  bt'niN4dve>?  of  tJie  river. 

APPllOPllIATlON   OF  JUNK    14,   1880. 

The  last  livw*  tmd  harlwr  act  apju-opriiitoil  $20,000  for  tlie  AUoph 
Kiver.  Authority  to  l)egin  work  was  not  received  until  after  tlie  c 
of  tlie  fiscal  ywir. 

It  is  exiKMJtecI  that  by  Deceinbor,  when  work  innst  neoessarily  ix 
the  whole  of  this  ai)propriatiou  will  have  been  expencUul  in  remo^ 

rocks  and  snags,  uih!  in  building  wing-dams  and  dikes. 

« 

ESTIMATE   FOB  1881-^82. 

The  estimate  contained  in  my  reports  of  January  10  and  January 
1880,  for  the  improvement  of  the  river  below  French  Greek  by  mean 
dams  and  dikes  and  by  the  removal  of  rocks,  amounted  to  |8UXV 
which  $20,IMM)  was  api)ropriated  at  the  last  session  of  Congress,  ltti\ 
$in,(K)()  yet  to  be  appropriateil.  The  whole  of  this  sum  could  be  atb 
tageously  used  duiing  the  next  Hscal  yenr  in  continuing  the  work  aire 
begun. 

For  the  Allegheny  River  alK>ve  Frencli  Creek  reference  is  ma<l 
my  rejMMt  of  February  5,  ISSO  (S<»nute  Ex.  Doc.  No.  89,  Forty-.si 
Congress,  .s^hmukI  session).  Tlie  estimate  therein  contained  for  iiapi 
ing  the  river  from  French  Cn*ek  up  to  Olean  is  840,000,  the  whol( 
any  iM)rti<)n  of  which  couhl  be  atlv  an  tageously  exx^udt^l  during  a  «sin 
working  season. 

Several  urgent  letters  have  been  re<*eive<l  from  bn8ine><A  men  of  Pi 
burgh,  notably  one  fix)m  the  Pittsburgh  Chamber  of  Commerce,  reqm 
ing  tlmt  an  allotment  be  made  for  the  improvement  of  G-ikrrLson  Biit\ 
This  rii)]>le  is  at  the  heiul  of  LIcit's  Ij^laiul,  and  i>4  about  2  miles  aN 
the<*onrtueuee  trf  the  Allegheny  and  the  Monong-ahehi. 

The  ui)]K.»r  Ixmndarj'  line  of  Pittsburgh  crosses  the  Allegheny  8J  mi 
above  this  (*oiiHuence.  This  lipple,  which  is  impassable  in  low-wat 
and  lies  in  the  lower  half  of  the  Alleglieny  Harbor  of  the  city  of  Pil 
burgh,  practically  cuts  that  harbor  in  two. 

Pittsburgh  is  tlie  chief  town  in  the  United  States  for  all  mauofiicnu 
of  iron  or  glass,  and  for  many  miles  both  shore^s  of  the  Allegheny  t 
lined  with  huge  iiulusrial  e.sUiblishuumts.  It  is  therefore  of  the  highi 
local  importance  that  the  shoal  which  pivvents  the  fi'ee  use  of  the  ri\ 
for  the  transfer  ro  and  fi'om  the  milhi  of  iron,  coal,  and  other  hea 
freights  should  be  removed  <is  soon  as  ])racticiible. 

The  only  f'tlectnal  way  of  doing  this  is  tx)  build  a  lock  and  d»im  in  t 
vicinity  of  tiie  Mi»<iiani*.'s  Str»»et  I>ridge,  as  recommemled  in  my  rein 
of  Mju-eh  \K  1><T0  <  Keport  of  the  Chief  of  Kngineers  for  1870,  part  2,  pii 
14^)).  Tl^MMiproxiTHMti*  estiiurite  e.ontaine(l  in  that  i*eport  was  8153,(' 
for  a  lo<'l{  L'»!0  h\  'A)  feel,  attMelu'il  to  a  ])4M*m:nient  tinil>er  dam. 

■  Nritlu'v  tiitii*  not"  liiniN  jM'nnilI«Ml  lo<';itions  and  detjiliHl  estim.it^ 
bnt  TIm'  :ip|ni>\ii:i;.te  esiiin:iit'r:iii  ivutlily  be  iv])!aeed  by  one  more  iitM 
ex::«'!,  :-^Juu  1:1  ' '<»n-](V'<s  jmI*»jj'  ih»^  \ni\i\  by  making  a  llxst  approi»r 
timi. 
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i^othlng  else  will  answer  the  legitimate  needs  of  the  harbor  of  Pitts- 
burgh^ and  inasmuch  as  the  approaching  completion  of  the  Davis  Island 
Dam,  m  connection  with  the  dams  on  the  Monongahela,  will  soon  give 
all  needed  water  in  the  Ohio,  Monongahela,  and  Lower  Allegheuy  por- 
tions of  this  harbor,  it  is  only  fair  that  something  should  be  done  for 
that  part  of  the  Allegheny  Harbor  which  lies  above  the  influence  of 
the  Davis  Island  Dam. 

A  dike  might  help  matters  somewhat,  but  the  long  shoal  of  Herr^s 
Island  lies  just  below  Garrison  Ripple,  and  therefore  but  little  could  be 
expected  ftom  such  an  improvement.  The  proposed  lock  and  dam  would 
wholly  obliterate  these  shoals,  and  its  beneficent  effect  would  be  felt 
up  to  the  upper  boundary  of  the  city.  As  the  proposed  improvement  is 
on  the  Allegheny  Eiver,  it  seems  proper  to  introduce  it  into  this  report. 

I  therefore  submit  the  following  estimate : 

For  continuing  the  present  system  of  operations  on  the  Allegheny  below 

French  Creek  by  building  dikes  and  removing  obstructions |61, 000 

For  improving  the  Allegheny  between  French  Creek  and  Clean,  N.  Y 40, 000 

For  improving  the  Allegheny  Harbor  of  the  city  of  Pittsburgh 153, 000 

254,000 

M(mey  statement 

July  1,  1879,  amount  available |10,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$30, 000  00 

Jxdy  1,  18b0,  smooni  expended  during  flaeal  year 9,998  64 

July  1,  1880,  amount  available....! \ 20,001  36 

Amount  Testimated^  required  for  completion  of  existing  project Ill,  000  00 

Amount  (estimated)  for  lock  and  dam  in  harbor  of  Pitts uurgh 153, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 : 

For  dikes  and  dams  and  removal  of  obstructions $11  It  000  00 

For  look  and  dam  in  harl>or  of  Pittsburgh 100,000  00 

211,000  00 


ixoflkation  akb  subvbt  of  allbg^heny  biyeb,  fbom  french 
cbbek  (vbanklin,  pennsylyaiixa)  to  clean,  new  tobk. 

Unitbd  States  Enginebb  Office^ 

Oinoinnatiy  Ohio,  February  5,  1880. 

Genebal  :  I  have  the  honor  herewith  to  submit  a  report  on  the  survey 
and  examination  of  the  Allegheny  Biver  between  French  Ore^k  (Frank- 
lin^ Pa.)  and  Olean.  N.  Y.,  which  was  ordered  in  the  river  and  harbor 
act  approved  Marcn  3, 1879. 

The  jQ.eld  work  of  the  survey  was  intrusted  to  Mr.  Thomas  P.  Roberts, 
assistant  engineer,  assisted  by  Mr.  U.  B.  Dougherty.  Mr.  Roberts' 
report  is  hereto  attached. 

The  distance  from  Olean  to  the  mouth  of  French  Creek,  as  measured 
along  the  river,  is  132  miles ;  and  in  this  distance  the  river  falls  446  feet, 
whicSi  is  an  average  rate  of  8.4  feet  per  mile.  The  survey  was  made 
during  the  very  low- water  of  the  autumn  of  1879,  and  the  least  water 
found  on  any  bar  or  shoal  wa«  6  inches.  There  ai-e  79  bars  u|M)n  which 
there  was  less  than  1  foot  of  water.  It  is,  therefore,  evident  that  a  depth 
of  1  foot  ill  extreme  low- water  is  all  that  can  be  expected  from  any  system 
of  inipi*ovenient  which  is  limited  to  wing-dams  and  dredging.         * 

The  most  thorough  and  satisfactory  nietiiod  of  impniving  this  part 
of  the  Allegheny  Biver  w  ould  be  to  build  looks  and  dams ;  but  such  an 
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improvement,  if  adopted,  should  begin  at  the  mouth  of  the  river,  ai 
should  b<»  extended  upstream  as  it  becomes  .self-sustaining  from  t] 
develoi)nient  of  an  active  and  remunerative  river  eoiiiineix-e. 

Th(»  Allegheny  Itiver  is  ]>articularly  well  adapted  to  the  nseof  slai 
water,  on  account  of  its  \vi<lth  and  its  abundant  sui>nly  of  water.  Tl 
drawback  is  the  fre(iuency  of  gorges  of  heavy  ice.  How  serious  an  o 
stacle  the  ice  may  be  can  only  be  determined  after  the  endurance  of  mi 
or  more  dams  has  been  practically  tested.  It  is  jirobable  that  tl 
increased  depth  that  would  becreate<lby  dams  would  have  a  verybei 
ficial  effect  in  reducing  the  destructive  action  of  ^orfjes. 

As  it  is  out  of  the  question  to  discuss  slackwater  dams  on  the  Tpi 
Allegheny  at  th<r  present  time,  it  only  remains  to  be  seen  whetl 
cheaper  exi)edients  would  secure  such  a  return  as  would  justify  tL( 
trial. 

It  is  believed  that  by  a  moderate  expenditure,  applied  to  the  nMiim 
of  rocks  and  the  construction  of  low  crib-dams  and  dikes,  both  then 
ing  period  and  the  i)eriod  of  navigation  by  small  tow-boats  ean  Ik»  ri 
terially  extended  in  the  section  in  cpiestion.  An  addition  of  two  mont 
can  ])robably  be  given  to  the  two-foot  navigation  up  to  NVarnMi.  AIni 
Warren  there  is  at  present  no  river  interest  except  that  of  rafting:  tl 
may,  however,  Iw  heli)ed  by  the  removal  of  rocks  and  by  a  few  inch 
increasi?  in  the  depth  on  the  bars. 

For  the  river  between  Oil  City  and  Warren,  Mr.  Koberts  submits  i 
estimate  of  $30,500.  1  would  prefer  that  the  estimate  should  cover  t 
whole  distance  of  this  survey,  and  I  therefore  increase  it  to  64ojii 
This  amount  will  cover  the  7  miles  between  Oil  City  and  French  Cre€ 
and  will  also  a<lmit  of  the  removal  of  rocjks,  &c.,  in  the  section  betwe 

Warren  and  Olean,  for  which  Mr.  Koberts  makes  no  estimate. 

•  •  •  •  •  •  • 

Commercial  statistics  on  iidand  rivers  where  there  an^  no  custoii 
duties  are  occasionally  preservi^d  for  special  n^asons,  but  they  are  uev 
com])lete  an<l  are  often  far  from  accurate.  Such  as  eouKl  be  (»btaiii( 
on  tlie  ])orti<m  of  the  Upper  Allegheny  which  is  the  subjeet  of  this  v 
amination  have  been  in<*luded  by  Mr.  Roberts  in  his  re]>ort.  The  «:iii 
items  are  (>S,000,(MM)  fe(4  of  lumber,  1,000,000  bundles  of  shingles,  ai 
760,000  bundles  of  laths. 
A  map  in  10  sheets  accompanies  this  report. 
Respectfully  submitted. 

Wm.  E.  Mkrrill, 
Major  of  Enginetn, 
Brig.  Gen.  II.  G.  Wright, 

Chief  of  Unginverftj  U.  S,  A, 


RKPOUT  OF   MK.   THOMAwS   P.    KOBKRTS,   ASSISTANT   ENGIXEKR. 

PiTTSiiUKGH,  Pa.,  January,  lSr<l>. 

Sir:  I  hftvo  the  honor  to  milmiit  hert'witli  th«^  n'port  upon  the  siirvvv  of  the  1."^ 
mih'Aof  the  AUf;xhi'ny  River  hot wivn  Oh»an,  N.  Y.,  and  FrunkHn,  Pa.,  which  I  mail 
nndtT  your  din*rtions  in  Anj;;uNt,  S«'ptt*niht»r,  and  OotohtT  la«t. 

Having  Imm'ii  aHsi^jiuMl  hy  yourst'lf  to  take  «rliarj;<»  al^*o  of  the.  inipr(»v«*iiient  of  th 
lower  end  of  tlie  river,  wliieh  latter  work  required  aInioHt  my  constant  attrntion. 
waH|inahIe  to  he  as  nnieh  with  tlie  ])arty  in  the  tiehl  as  I  wouhl  have  dcKin-*!.  I  wa 
quite  fnrtnnatt'.  however,  in  weurinj;  the  srrviees  of  Mr.  John  B.  Dougherty.  a.'4(i'«t.iii 
encin«'er,  t(»  euniluet  the  survey  as  transit  or  eoni]>ass  nnin,  who  wa:*  aNMi»t<^l  hy  Mi 
James  (i.  MrFarlani*  as  h'veh'r.  The  means  provided  were  of  coufm^  tmi  iiii*a>!«'r  for 
careful  hydro^raphieal  survey  of  sueh  an  extent  of  riv(>r,  complicatiMl  as  it  in  wit! 
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islands,  bars,  and  rixiples,  bat  the  results  ()1>tained  will  be,  I  hope,  all  that  is  necessary 
for  giving  a  corn».ct  knowledge  of  the  i^eneral  shape  of  the  stream,  its  profile,  its  leaa- 
ing  characteristics,  its  capability  of  improvement,  and  its  value  as  a  highway  for 
commerce. 

From  Salamanca,  N.  Y.,  23  miles  below  Olean,  to  Franklin,  Pa.,  a  distance  of  109 
miles,  the  survey  was  made  when  the  water  was  lower  than  ever  before  known. 
During  this  time  the  fluctuations  of  the  water  surface  were  confined  to  a  space  of  l€88 
than  2  inches. 

This  state  of  the  river  was  extremely  favorable,  therefore,  for  obtaining  with  pre- 
cision the  length  and  descent  of  the  ripples,  many  of  which  would  bo  "  drowned  out** 
or  be  inappreciable*  even  at  moderately  low  stages  in  the  river. 

Having,   in  lK7rt,  personally  conducted  a  reeonnaissance  of  the  river,  under  your 
directions,  from  Franklin,  the  lower  terminus  of  the  present  survey,  down  to  Freeport, 
93  miles,  or  to  within  30  miles  of  its  mouth,  I  will  venture  to  make  some  reference  to 
the  river  in  general,  for  the  purpose  of  setting  forth  in  a  connected  manner  some  of 
the  features  of  this  important  stream. 

The  name  of  Allegheny,  which  in  New  York  is  spelled  Alleghany  and  Allegany,  i» 
derived  from  the  dialect  of  the  Seneca  tribe  of  Indians,  many  of  whom  are  still  residing 
on  the  reservation  along  the  river  north  of  the  Pennsylvania  and  New  York  State  line. 
The  wonl  signifies  "fair  water."  As  the  Indian  wonl  ''Ohio"  in  other  dialects  also 
means  "  fair  water,"  it  is  thought  that  the  aborigines  considered  the  two  streams  to 
be,  as  they  r<'ally  are,  one  and  the  same  river.  Were  it  not  for  the  chanj^e  in  name  at 
Pittsburgh,  the  Ohio  would  be  stated  in  the  tables  as  a  river  1,292  miles  long,  in- 
stead of  967  miles,  the  Allegheny  adding  325  miles  to  its  usually  accounted  length. 

SOURCE,  AREA  OF  VALLEY,  AND  GENERAL  COURSE. 

The  Allegheny  heads  in  Potter  County,  Pennsylvania,  interlocking  with  the  head- 
waters of  the  Susipiehanna  and  the  Genesee.     It  is  said  that  rivulets  in  that  county, 
from  a  spot  less  than  1  square  mile  in  area,  discharge  their  waters  into  streams  flowing 
respectively  to  the  Chesapeake  Bay,  the  Gulf  or  Saint  Lawrence,  and  the  Gulf  of 
Mexico. 

The  area  of  the  basin  of  the  Allegheny  is  about  13,000  square  miles,  making  at  Pitts- 
burgh very  nearly  two-thirds  of  the  total  area  drained  by  the  Ohio  at  that  point. 
After  a  meandering  course  of  about  55  miles  through  Potter  and  McKean  counties, 
Pennsylvania,  the  last  15  miles  of  which  are  due  north,  it  enters  the  State  of  New 
York  in  Cattaraugus  County. 

From  the  line  it  continues  its  northwanl  course  6  or  8  miles  farther,  thence  it  turns 
almost  due  west  to  Olean,  about  70  miles  below  its  headwaters. 

Below  Olean  it  continues  its  western  course  to  Salamanca  (23  miles),  from  which 
last-mentioned  point  it  takes  its  final  southwest  course  to  Pittsburgh. 

PROFILE,    FLOODS,    BOTTOM  LANDS,    AC. 

It  is  a  somewhat  singular  circumstance  that  for  a  considerable  distance  the  head- 
waters of  the  Allegheny  have  a  less  fall  per  mile  than  the  main  portion  of  the  stream 
farther  down. 

For  25  miles  above  Olean  it  is  stated  to  have  a  descent  averaging  less  than  2  feet 
per  mile.  Below  that  point,  in  the  first  20  miles,  our  levels  show  that  its  descent  is  at 
the  rate  of  1.7  feet  ^ler  mile. 

In  this  comparatively  flat  portitm  of  its  course,  the  river  flows  through  extensive 
bottoms  measuring  in  places  a  mile  on  each  side  to  the  foot-hills.  These  bottoms  are 
in  parts  subject  to  overflow,  even  with  rises  of  10  to  12  feet ;  which,  if  not  effecting 
much  damage  to  property,  as  such  places  n^main  uncultivated,  at  least  fill  up  the 
sloughs  and  make  impassable  morasses.  The  high-water  of  1873  rose  15.8  feet  at 
Olean,  or  about  6  feet  higher  than  the  ortlinary  banks  of  the  river.  Considerable 
portions  of  these  bottoms,  between  Olean  and  Salamanca,  rise  in  terraces  above  the 
flood  lines,  and  are  in  a  high  state  of  cultivation,  procfucing  hay  principally,  with 
grain  and  fniit,  particularly  apides,  in  great  abundance. 

This  upper  portion  of  the  Allegheny  Valley  is  in  everj-  respect  different  from  the 
country  below.  I  am  of  the  opiijion  that  it  was  once  a  shallow  lake,  similar  in  some 
respects  to  the  adjacent  long,  narrow  lakes  of  New  York,  which,  by  a  general  subsi- 
dence in  a  southerly  direction,  was  drained  out. 

The  hills  for  the  first  time  converge  on  the  river  banks  at  Corydon,  Pa.,  ^ust 
below  the  State  line.  Near  that  point  there  is  some  evidence  of  a  gorge  which  mij^ht 
have  be<»n  the  original  outlet  of  the  lake.  There  is  quite  a  sudden  change  in  the 
profile  of  the  river  fronj  the  20th  mile  point  below  Olean  (just  above  Salamanca)^  the 
second  20  miles  descending  at  the  rate  of  3.7  feet  per  mile.  The  third  20-mile  division 
falls  at  the  rate  of  5  feet  per  mile. 
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The  Imttams,  wii^  the  ecxceptton  noted  at  Corydon.  to  dubof  the  60tii  milfii  aniftmnlsr 
remain  £rom  ^  a  mile  to  1^  miles  wide  from  hill  to  hiu. 

At  the  77th  mile  the  hills  finally  converge  on  the  river  banks,  and  thenoe  to  the 
mouth  of  the  Mahoning  River,  123  miles,  they  follow  the  stream  qnite  closely,  leftving 
only  occasionally  any  regular  bottom  land.  The  exceptions  are  fonnd  only  at  the 
mouths  of  large  tiibutaries.  The  abst^nc^  of  bottoms  for  eo  long  a  distcMioe  la  a  strik- 
ing ftjature  of  this  river. 

As  the  valuable  rei>ort«  of  Gen.  G.  K.  Warren  hare  inveeted  with  mueh  inte(rQ6t  bis 
hyiiotliesis  of  a  continental  subsidence,  and  the  attendant  disappearauce  of  oerfcaht 
lake«,  I  will  add  that  the  curious  may  find  in  the  valley  of  the  Conewango,  a  lai^e 
tributary,  as  well  as  along  the  Allegheny  itself,  local  evidence  of  some  snon  aetion 
begim  in  the  past,  and  possibly,  as  General  Warren  surmises,  still  continuing. 

The  Conewango  flows  south  for  about  20  miles  parallel  Avith  the  course  of  the  Alle- 

fheny,  which  lies  a  few  miles  to  the  east,  but  separated  trom  that  stream  by  a  highf 
road  range  of  hills  or  uidands.  Its  valley  for  much  of  this  distance  is  very  wide,  but 
Indging  by  the  eye,  its  water  appeared  to  be  exceedingly  si uffgish,  apparefntly  pondfld 
back  for  miles.  Such  is,  however,  by  no  means  the  case  with  the  adjacent  'portion  of 
the  Allegheny,  which  falls,  as  before  said,  in  this  part  at  the  rate  of  5  feet  per  mile. 

I  can  offer  no  explanation  of  this  want  of  parallelism  in  the  planes  of  these  adjoining 
valleys.  It  will  suf&ce  to  have  caUed  the  attention  to  the  possible  lacustrine  origm 
of  these  extensive  flats. 

The  fidlowing  is  a  condensed  statement  of  the  fall  of  the  river  £pom  Olettn  to  Pitl^ 
burgh,  beginning  at  Olean ; 

]PMtp«aSfe. 

First  20  mih>fl _ - 1.7 

Second  20  miles « ., ««...«•  3.7 

Third  20  miles *..  6.0 

Fourth  20  miles 3.6 

Fifrh20  miles aS 

32  miles  to  Franklin 3.0 

Franklin  to  Pittsburgh,  123  miles SLl 

Average,  Olean  to  Franklin,  132  miles . ....  ,«..  ,« .••••• «...  3.4 

Average,  Franklin  to  Pitts) mrgb,  123  miles •--•.  SLl 

Average,  Glean  to  Pittsburgh,  255  miles -w. .«..•••  S.8 

Th<^  tabic  of  ripples  at  tlie  end  of  this  n^i>ort  gives  the  elevation  above  mean  oeean- 
level  at  nearly  every  mile  above  Frauklin. 

OUARACrKR  OF   RIVKIi-RIID,   ICB-GOBQXSj   AC, 

From  what  has  iM'en  said  of  the  differtuiees  existing  in  the  oharacteristiss  of  the  dif- 
ferent portions  of  the  valley  of  tlu;  AllegluMiy,  it  is  natural  to  expect  that  the  rifSf 
it8<»lf  would  not  have  the  sauie  regimen  tbrcmghout ;  and  it  certainly  has  not.  From 
Clean  to  Jainison's  Falls,  27|  miles,  the  river  meanders  through  its  wide  valley,  hav- 
ing a  sandy  or  iliio  gravel  bottom  and  an  average  width  of  300  foet.  At  the  Falls  a  few 
rocks  and  small  l>o\vlders  make  their  apptmrance  for  the  flrst  time  in  the  bed  of  the 
stream,  but  IkOow  that  {Kunt,  for  'X*  miles  more,  we  find  the  fonner  characteristics  of 
soft  liottom,  tbo  most  notable  exception  being  at  Linuvstone  Falls,  41^^  miles  down. 
Here  there  in  a  nolid  ledge  of  limestone  underlying  the  river-bed,  and  the  descent  it 
3.J:**!  feet  in  a  distance  oi  660. 

Throughout  these  ()0  miles  tlie  pools  In'tween  tlie  rapids  are  shallow,  rarelj^  exceed- 
ing 5  fe^-t  in  depth.  Thence  to  Warr«Mi,  at  tlie  mouth  of  the  Conewango  (67  miles)  mofc 
loose  rocks  are  observable.  Below  the  Conewango,  the  river  at  ordinary"  staees  is  600 
feet  wide,  the  pools  varying  in  de|)th  from  f)  to  10  feet  or  more,  and  the  rooKs  which 
have  talleu  from  the  hills,  or  have  lK*en  pushed  out  by  the  tributaries,  grftdoally  in- 
creaHiug  in  number  and  nijAi  in  the  channel  and  along  the  shores.  From  Tionesta.  M 
ndles,  io  PitfHbnrgh,  rocks  art^  s<ddom  absent  from  the  shoals,  often  1> ing  partially 
bnried  in  the  gravel,  and  proving  dangtTons  obstructions  to  navigation. 

Uelow  Franklin  the  pcmlsgr/wlaally  d«'e]HMi  to  14  ft?et  or  over,  and  average  a  mile  in 
lenglh.  Soniei  of  th(5  pools  ju'«»  vi5  fi'et  deep  at  the  very  lowest  stage.  The  waters  of 
this  r;v4  r  ;u'e  natiiraily  ko  clear  that  J  havi*  ti'iMpiently  8*H5n  the  bottom  where  it  wasl6 
feet  deeji.  Tlie  Ix'ds  of  some  ol'  tho'ie  lower  river  uools  are  composiKl  of  large  frag- 
TnenfH  <»t'  ro»»ks.  vnrvini:  in  dinn-n-^ions  tVom  1  if>  2('  en)»ie  yjirds,  lying  irregularly  over 
e.'K  li  «ilh«'i'.  [AsMii'v  r<ir?n  e\e»'ll»Mir  hriilding  niMr<'nal  it  might  b(i  cheaper  to  raiif 
ni«'-.e  .^ioii.'s  fjj.-iii  ]o  wor'i.  tin*  (|rj.Miii<*s  on  jIh*  liillsidcM.")  At  stiveral  places  I  was 
sirr.'U  .\i,!i  tin-  I:"-.-!  t1i;i'  so  lii  •  If  m.:;i1!  sidii"  urwia  .  ♦'!  .te<  upie<i  iln*  inierflti<"t4i  of  these 
roe'  ;.  .  <•  '.:...  ,!  ;n»  V.  A-^-'i-li  jm-tU  •.'^;  iit  i  jiics  ^»''j;ir  ImM  \v«'<-n  Hli«»re»*  wliieh  an^  hard 
or  lor!,;.,  ill.-  ;t->[y  Mrn:-/«Ms  (i)  h<'vv  tli'-  I:ir';f;!ud  sniii'liMie-^  Hhii'iin;' gravel  and  bowl- 
(liT  h  :i>.  .1.  rinir  lower  rii. Is ',v<rr  iiniiruiiin*! :  no!  nniy  nniiniained,  bnt  0(M>a«<ionaUT 
"'■  -rv";!   to  Ik-  e  j.u-in.^  in  a.rr;i  and  iiu'r«;is:nj:  iii  1m  Ight.     (.Viiajn  vclodties  win 
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<lotibtl456!3  hold  in  tiu'spenfiiou  oortain  sised  particles  of  sand,  gravel,  &c.,  bnt  I  can 
(jcarecly  conceive  that-  bowlders,  5,  6,  and  10  inches  in  diameter,  are  transported  by 
the  current  over  these  deep  pools.  According  to  the  theory  of  suspension  we  should 
expect  that  s<>n>o  of  th^ui  would  l»e  caught  oy  the  bott<jm  eddies  and  thrown  down 
into  the  detip  rtHjei>tacles  between  the  rocks  referred  to.  We  must,  however,  recognize 
the  fact  tlial  these  bowlders  do  travel,  year  by  year,  gradually  down  the  stream.  I 
vieutnre  to  offer  the  tVdlowing  explanation  of  this  plienomenou,  if  it  may  l>e  so  called. 

The  Allegheny  River  is  p<K5uliarly  subject  to  hard  freezes,  ice-gorges,  &c.  In  the 
neighborhot)d  of  Franklin  and  Oil  City  clear  Ice  sometimes  forms  30  inches  thick.  In 
the  breakups  which  may  happen  when  the  weather  becomes  mild,  the  ice  is  no  sooner 
in  motion  than  gorges  form  at  some  of  the  shoals  or  in  the  narrow  bends.  The  motion 
once  checked  the  ice  immediati?ly  piles  np  and  a  temporary  dam  is  formed,  raising  the 
watex  several  f«>et,  and  forcing  tbe  ice  high  up  on  the  banks.  Eventually  the  gorge 
moves,  though  it  sometimes  happens  that  colder  weather  will  set  in  before  it  starts, 
in  which  case  the  fragments  of  stranded  ice  left  behind,  piled  up  on  the  bars  and  along 
the  shores  above  the  fast  receding  water  line,  become  congealed  in  solid  masses,  hold- 
ing in  their  embrace  the  bowlders,  gravel,  and  detached  rock  on  which  they  rest. 
Finally  a  flood  of  sufficient  height  arrives,  and  these  minature  ice-barges  (often  drawing 
10  feet  of  water)  find  themselves  in  the  stream.  Being,  as  I  have  supposed,  weighted 
with  stone  below  their  center  of  gravity,  they  will  not  turn,  but  float  over  the  deep 
iwols,  partiug  with  their  stony  freight  only  by  attrition  with  the  river-bed  on  the  shoals ; 
hence  the  growth  of  these  bars.  (This  shore  ice  when  starting  frequently  carries  off 
large  trees,  which  it  drags  out,  roots  and  all. ) 

The  Allegheny  Rivex  is,  I  think,  more  sub^iect  to  ice-gorges  than  any  of  the  other  trib- 
utaries of  the  Ohio.  The  extremely  c>old  winter  climate  of  the  elevated  regions  about 
its  headwaters,  its  rapid  descent  causing  great  velocity  of  current,  the  suddenness  of 
its  floods,  and  the  number  of  its  short  bends,  all  conspire  to  make  it  remarkable  in  this 
respect.  I  allude  so  fully  to  this  subject  because  I  believe  it  a  matter  of  the  greatest 
im])ortance,  aa  afieoting  any  plans  w-hich  may  be  proposed  for  the  improvement  of  the 
river. 

Reliable  accounts  of  these  ice-gorges  changing  the  channels^  washing  away  bars 
and  islands,  and  occasionally  rebuiloung  them  ebewhere,  are  difficult  to  obtain;  but 
that  such  effecta,  due  to  such  causes,  are  often  witnessed  on  this  river  cannot  well  b© 
doubted. 

At  Einzua,  in  the  upper  wide  bottom-land  region,  54^  miles  below  Olean,  an  ice- 
gorge  some  years  ago  dammed  the  river  up,  and  caused  it  to  flow  in  a  circuitous  rout© 
a  mile  or  more  through  the  bottoms,  w^hero  it  washed  off  the  soU  of  cultivated  fields 
and  caused  much  damage  to  property  before  finally  retnmuig  to  the  channel. 

Anotlier  and  more  remarkable  gorge  happened  in  the  month  of  January,  1877,  within 
the  city  limits  of  Pittsburgli,  opposite  Fiftieth  street  (about  4^  miles  above  the  mouth 
of  the  river).  Fiftieth  street,  prior  to  that  winter,  terminated  abont  midway  of  the 
pool,  2  miles  long,  between  Six-mile  Island  and  Garrison  Ripple.  This  pool  was 
from  1,000  to  1,100  feet  wide,  the  normal  width  of  the  lower  portion  of  the  nver,  and 
in  18(58,  when  I  had  occasion  to  sound  it,  was  10  to  14  feet  deep. 

The  pool  was  somewhat  bowed  or  cresisent-shaped  on  an  arc  of  great  radius,  practi- 
cally straight.  On  this  occasion  the  Allegheny  broke  up  at  a  stage  of  only  5^  feet, 
while,  on  the  other  hand,  the  Monongahela  was  in  a  flood  stage^  and  there  is  no  doubt 
that  it  ]X)nded  back  the  Allegheny  and  checked  its  current  considerably  above  Fiftieth 
street.  When  the  gorge  formed  in  this  place  the  bed  of  the  river  for  10  miles  above 
became  entirely  choked  up  with  ice  pUod  to  the  height  of  between  25  and  30  feet, 
covering  the  bottoms  in  places.  It  remained  intact  for  several  weeks,  during  which 
period  flie  pent-up  water  excavated  outlets  for  itself  beneath  the  ice.  The  effect  of 
these  powerful  jets  of  water  was  to  dig  up  and  carry  away  the  gravel  from  the  bed  of 
the  river  from  a  half  mile  above  Fiftieth  street,  and  deposit  it  in  the  form  of  a  bar  in 
mid-river  below  the  gorge.  This  bar  and  shoal,  containing  6  to  8  acres,  yet  remains, 
its  top  showing  above  low-water  surface.  This,  then,  is  a  case  of  a  bar  and  shoal  being 
created  where  before  there  was  deep  water  and  a  fine,  wide  ohanneL  The  quantity  of 
ice  hold  by  this  gorge  may  be  approximately  estimated  at  2r),0(X),000  tons. 

There  are  a  number  of  exceptions  along  this  river  to  the  general  nile  of  the  deepest 
water  appearing  in  the  bends.  At  some  plaees,  where  there  ar«  islands,  the  channel 
in  the  bends  is  entirely  dry  at  low- water,  being  choked  up  with  gravel  two  or  more 
feet  above  the  water  surface ;  while  the  low- water  course  is  st^^n  struggling  among 
rocks  and  .•^p])roaching  the  coilvex  short*.  The  reason  f(»r  thr.rte  exooptions  to  the  rule 
can,  I  tliiiik,  be  only  properly  ascribed  to  the  action  of  ice-gorges.  Tli('S<»  form  more 
solidly  in  the  bends,  being  drawn  there  with  most  violent;  by  i\u)  high  waters  usually 
attending  the  brt^aknps.  The  weaker  ends  of  these  ici^  dams  first  bi*cak,  or  are  under- 
mined, and  thruoo  n^sults  the  forma"  ion  of  a  channel  along  the  convex  shore  into 
which  the  low-water  naturally  draws. 

Such  being  some  of  the  ollerts  ]>rcMln(!ed  by  tlie  almoh't  irresiskible  agenry  of  ice  in 
this  river,  tue  wigineer,  in  proi)08iiig  plans  for  tt«  radicuil  iminwcment  by  the  use  of 


1772     REPORT    OF   THE    CHIEF    OF   ENGINEERS,    D.    8.    ARMT. 

ei  titer  niovable  orpeniiBiieDttlains,  t 

for  their  si-curity,  and  for  the  perma  ^ 

pools.    The  fiituro  loiist  of  coilrso  takit  care  of  ittielf,  but  I  have  thought  ii 

the  damage  annually  <luue  to  Btcamers  and  to  (>th<>r  craft  by  ice  from  thia  river, 

which  ia  tuu  lii'^avicst  that  readies  Ihe  Ohio,  that  it  would  be  quite  practicable,  and 

poHtibl]'  advisable,  to  con^ttnict  Heverabli*  movable  dams  at  intervala  to  Oil  City,  with 

several  others  on  the  KUklnilnotaM,  tile  Clariim,  and  the  Red  Bank,  for  the  sole  pnr- 

Soso  of  belli;; 'maneuvrreil  (hiring  the  winter  with  the  object  of  preventing  hard 
■eeziiig.  Tho  lowering  of  these  dams  w<iulil,  I  believe,  create  flood-wavex  anfficientlf 
strong  to  break  up  aud  carry  olf  the  ice.  If  one  of  the  dams  near  Pittsburgh  waa 
made  ii  iiermancnt  stniclure,  ilH  overfall  wnnld  t4md  tu  fiirthi'r break  up  titeice-fieldi, 
and  make  the  pool  nf  the  Diivis  IhIhuiI  dam  a  much  safer  harbor  of  ivfufce  for  tho 
thousands  of  bari^es  nnd  sti'Htner!)  which  will  seek  it  afti-r  the  completion  of  that  im- 
portant improvement. 

BRIDOES  ASD   OTIIKR  ARTIFICIAL   OnSTRUCTIONS  TO   NAVIGATION. 

Speoial  reference  to  the  obstnictiims  to  navigation  on  thia  river  in  the  shape  of  low 
bridges  with  short  spans,  the  result  of  i injudicious  State  IcgiHlation,  haying  been  made 
inyonrreport  of  In-tt  yt'ar  (Ex.  Doc.  2J,  Forty-llfth  Congress,  third  session),  I  append 
herewith  a  tabulated  stati'iiieut  of  these  structures,  froid  which  it  becomes  evMent 
that  the  hinguago  cmployeit  was  amply  jilstilied  by  the  facte. 

In  the  column  of  channel  widths  a  deduction  in  every  case  for  the  bridges  below 
Warren  should  be  made  of  at  loaaC  oO  feet  to  allow  tiir  the  thickness  of  piers  and  tlw 
riprap  thrown  arouDd  them.     Tbo  nieaMuroiiieDts  here  given  are  from  center  to  oentw 
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In  addition  to  the  above,  there  are  a  nnmlier  of  ponton  "bridges  maintained  in  the 
upper  })or1ioii  of  the  river  in  the  State  of  New  York,  but  they  allow  rafts  to  pass  in 
times  of  freshets.  No  other  navigation  exists  or  is  at  i)resent  contemplated  on  that 
part  of  the  river,  so  that  these  ponton  bridges,  as  well  as  the  low  bridges  above  War- 
ren, ean  ])robably  be  tolerntfd  for  many  years  to  come.  A  steamer  once  actually  as- 
cended the  river  from  IMtfsburgh  to  Olcan,  but  it  must  liave  been  before  the  days  of 
bridges,  as  no  boats  are  constructed  low  enough  to  pass  under  several  of  the  bridges 
above  Warren.  A  height  of  at  least  25  feet  at  Olean,  35  feet  at  Franklin,  and  40  leet 
below  that  point,  should  in  my  opinion  be  given  to  bridges  on  this  river. 

Next  to  the  bridj^cs,  the  rivcimen  complain  most  of  the  refuse  from  oil  refineries  and 
acid  works  which  is  pennitted  to  be  wasted  into  the  river.  The  oil  refuse  is  a  tarry 
fiubstaiue  which  contaminates  everything  with  which  it  c<nies  in  contact.  It  does 
great  <lamage  to  the  rafts  of  sawed  lumber,  and  ev<'n  the  shingles  piled  on  the  rafts 
are  frecjurntly  damaged  by  this  substance  being  dashed  over  them  by  the  waves  of 
passing  steamers.  The  horses  employed  by  the  guyi)er  men  in  the  seasons  of  low- 
water,  ill  towing  their  bqats  of  limestone,  staves,  barrels,  &c.,  become  smeared  with 
this  tar  :  while  at  other  j)laces  the  unfortunate  animals  have  their  legs  cut  with  the 
acid.  This  acid  (refuse  of  vitriol),  diluted  as  it  is  in  the  river,  still  accumulates  in 
places  sufficiently  concentrated  to  disintegrate  the  fibers  of  cables,  which  frecinently 
break  as  though  cut  with  a  knife.  For  a  long  distance  below  one  of  these  manufac- 
tories it  is  unsafe  to  bathe  in  the  river.  The  case  of  a  loss  of  life  from  this  cause  was 
reported  last  year  as  occurring  at  Oil  City.  It  certainly  is  a  gij^autic  nuisance  to 
which  thousands  can  testify,  and  which  should  be  abated.  As  the  oil  refuse  will  bum, 
it  could  easily  be  destroyed  in  that  way. 

Many  rivermen  have  called  my  attention  to  these  annoyances,  with  the  hope,  I  sup- 
pose, that  mentioning  them  in  a  rejiort  might  aid  them  in  securing  them  relief. 

Many  years  ago  a  high  and  low  water  line  was  established  by  the  city  of  Pittsburgh, 
beyond  the  outride  limits  of  which  it  was  forbidden  to  extend  embankments.  But 
nolwithstanding  the  ordinance  many  establishments  persist  in  building  out  with  their 
furnace  clinkers  obviously  beyond  the  i>rescribed  limits.  Pipe  lines  for  the  conduit  of 
oil  laid  in  the  bed  of  the  river  occasionally  obstruct  the  low- water  navigation.  These 
examples,  however,  will  suffice  to  sliow  the  need  of  an  efficient  revision  of  affairs  on 
this  riv<'r  for  the  public  benefit.  No  unity  of  action  can  be  expected  from  those  in- 
terested in  the  navigation.  The  individuals  concerned  are  groj)ing  in  the  dark  and 
feel  that  they  have  no  legal  status,  and  will  continue  to  feel  so  until  more  specific 
legislation  establishes  their  rights.  A  case  in  point  will  illustrate  the  vagueness  of 
the  knowledge  whi<'h  even  onicials  have  in  regard  to  the  rights  of  navigators.  A 
furnace  company  in  1878  persisted  in  throwing  red-hot  cakes  of  cinder,  the  pieces 
often  being  the  size  of  one-half  cubic  yard,  over  the  bank,  where  they  rolled  down  to 
the  water's  edge.  Horses  in  towing  boats  ])ast  this  place  were  often  severely  burned 
(I  believe  some  of  them  died).  The  owners  made  comxdaint  at  the  custom-house.  They 
were  referred  by  the  officials  there  to  the  mayor  of  the  city,  who  desired  to  know 
whether  the  furnace  company  was  filling  out  on  their  own  property  or  beyond  the 
line  where  the  jurisdiction  of  the  United  States  is  supposed  to  begin.  As  this  point 
could  not  be  settled,  nothing  was  done  until  members  of  the  Oil  Exchange  remon- 
strated and  secured  ndief  for  the  boatmen. 

TRADE    AND   COMMERCE  OF  THE  ALLEGHENY. 

The  rafting  of  lumber,  as  before  said,  is  the  sole  business  done  on  the  river  above 
Warren.  Below  that  point  steamers  occasionally  use  the  river  for  the  transportation 
of  coal,  &c.,  in  flat-boats,  to  the  Venango  County,  Pennsylvania,  oil  n^gions.  The 
transportation  of  oil  by  rail  and  by  pipe-lines  has  effectually  destroye<l  the  river  ship- 
ment of  this  extensive  article  of  commerce,  excej>t  for  that  iioition  destined  for  the 
Ohio  Valley,  or  which  seeks  the  favorable  competing  outlet  from  Huntington,  on  the 
Ohio,  via  the  Chesapeake  and  Ohio  Kailroad,  to  Kichmond,  Virginia.  A  powerful 
steamer  and  fletjt  of  bulk  oil  boats,  each  boat  carrying  2,600  barrels  or  7,800  for  the 
fleet,  makes  constant  trips  up  the  river  to  Parker's  and  elsewhere,  whenever  the  water 
will  permit.  The  proprietor  of  this  line  assures  me  that  a  large' increase  in  the  trade 
would  result  from  the  improvement  of  the  river,  particularly  by  the  removal  of  the 
dangerous  rocks  which  cause  them  to  withdraw,  while  there  may  otherwise  be  for 
weeks  a  reliable  depth  in  the  channel.  Besides  this  line,  five  other  steamers  are  en- 
gaged in  the  trade  from  the  oil  regions  to  Pittsburgh  and  Wheeling. 

The  miscellaneous  business  transacted  on  the  river  near  Pittsburgh  is  very  exten- 
sive, particularly  that  which  is  connected  with  the  large  barrel  factories,  and  also 
with  the  work-house,  9  miles  up.  The  superintendent  or  the  work-hoase  calculates 
that  their  direct  loss  is  over  $50  a  day,  when  they  cannot  receive  their  staves  and  de- 
liver their  barrels  by  boat,  which  mode  of  shipment  is  always  preferred  to  the  rail- 
roads. The  furnaces  at  Pittsburgh,  chiefly  located  on  the  Allegheny,  consume  anna- 
ally  thousands  of  tons  of  limestone,  which  is  brought  to  them  in  barges  from  above. 
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The  honorable  HanrWblte,  member  of  CongreaBibas  estimated  tlteqnttntityof  Iutq- 

ber  tumnallf  transported  down  the  Allegheny  to  PittabuTj;h  nt  200,1100,000  feet,  DOb 
including  stavea,  &.c. 

The  following  are  the  statieticB  of  the  lumber  trade  of  the  jiOTtion  of  the  rivftr  covered 
by  the  aiirre; ;  thoy  ware  obtained  Jtom  the  mill-owners  at  the  various  poiuta  d«Bi£- 

Tabulaled  ulaUmeiil  of  aaiveil  luBibfr  nnd  nthir  iimdvtU  of  limbei'  iklppnl  amxaUg  bg  ih» 
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There  yet  remain  to  be  developed  valuable  qaiirrles  of  btiildjn^t-stone,  of  limestone 
for  ftimaccB,  and  of  glass-sand,  mines  of  coal  and  of  iron  or<>,  atui  thousands  of  acres 
of  hemlock  timber,  the  bark  of  which  is  estensivi-ly  used  tor  tiiin]in(». 

Tbd  market  in  near,  hut  the  extensive  development  of  si    '        '       ' 


await  choa|>cr  transportation,  wliich  cau  oul.v  be  obtaini^d  liy  an  improved 


velopmi 
ul.,  {,.. 


s; 


Th<^  propneed  syateiik  of  Imjirovi^ment  in  view  of  tlin  pnvu-iit  i'«nuiiBn.'»  to  be  bene- 
fited, which,  tliHiigh  oousidM^ablo,  is  atill  relattTi'ly  limited,  which  I  rcuoinmended 
last  year,  viK.  the  removal  of  rocks  Iroiii  the  channel  nii<l  the  eouiTiictinu  of  tying- 
dams  at  the  Hboals,  ntUl  a)>peani  to  nie  tlie  most  advlsalite.  It  is  a  cheap  syHtein.  bnt 
one  which  meets  the  present  deniantis  and  which  in  time  will  rritatu  the  nciJHHsity  for 
a  bettor  method. 

I  have,  in  the  jrenoral  description  of  the  river  above  Warren,  designated  a  nnmher 
of  places  which  conid  probably  be  improved  by  the  conntrnctiou  of  winK-dams,  bat 
as  the  Ininbur  trailo  in  gnulnally  decliiinig  new  iiidiistrii'H  above  that  point  must  arise 
before,  in  my  o]>iui(iii,  any  eoiisiderable  OKpenditnre  would  bi^  jnstitlod.  It  wonld  be 
>roper,  however,  to  make  an  escepliou  ofthe  case  of  the  dam  at  Ciirvd^n,  Pa.,  near 
^e  St-ate  Hue. 

At  that  plac«  certain  saw-tnill  owners  have  erected  a  erlb-ilani  enJirelg  closing  the 
river,  the  descent  over  whidi  is  '-H  feet.  At  some  staifi's  rafts  passiii]:  over  tlie  dara 
dip  their  heads  so  as  to  strike  the  lH)ttom,  ami  in  cou<ieqne]ie,e  many  have  1hh-u  broken 
ap  and  destroyed.  The  upper  rivermun  have  been  penuNleut  in  their  etforts  Ui  have 
this  dam  removed,  or  so  moilitlcd  an  (o  permit  them  passing  it  with  a  greater  degree 
of  safety,  but  so  far  (he  local  courts  have  not  faunil  a  way  to  affonl  tlie  raftsmen  any 
relief. 

Tbere  may  come  a  time,  atno,  when  il  will  Imi  desinihlo  to  radically  Improve  the 
river  to  Olcan  ill  order  tn  take  advantage  of  the  ntinarkalily  low  summit  exhiting; 
between  the  Allegheny,  near  that  |>oi>it,  and  the  waters  of  the  (lemwee  Hirer.  The 
Oeiirsee  Valley  Canal,  constmctcd  by  the  8tnt«  of  Now  Vork,  lint  recently  abandoned, 
connected  the  Allegheny  Biver  via  this  route  with  tho  New  York  and  firie  (.'unal  at 
Rochester.  The  distanci;  via  the  canal  to  liouhcHter  is  KIT  miles;  ilixtance  fromOlean 
to  the  HUinmit  level  14  miles;  to  reach  which  six  liH-ks  onlv  were  reqain'd,  ovtreoming 
a  lift  of  1)7  (wt.  From  the  sitiuuiit  to  RorJiostec  the  desi^erit  is  Ml  i^t-ot,  liut  im  ^I  tteet 
of  this  fall  oeeurs  in  one  division  of  H  miles  and  G:tl)  feet  of  it  in  auutber  seetion  of 
the  some  limited  length,  it  is  quite  pmbnble  that  hydraulic  inclined  planes,  snch  as 
jou  proposed  for  the  Trans-Allegheny  Cauat(seeHepartof  Chief  of  Engineers,  U.  S.  A., 
18Z6,  vol.  'J,  p.  8S),  conId  bo  resorted  to  as  a  means  to  avoid  the  delays  attending 
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exceasive  iockagev    Tlrti  watiea^-duxyply  at  the  stimmit,  I  trndepst^nd,  can  be  considera- 
biyenlarged. 

There  is  depth  of  at  ljes$t  3  feet  in  tlwi  oliannel  of  Hie  AUeglKmy  to  Warren  on  an 
average  of  100  days  in  each  year,  and  a  depth  of  2  feet  on  an  average  of  130  days, 
in  l&fo  I  showed  by  the  records  kept  at  OU  City,  57  miles  below,  that  the  removal  of 
rocks  and  the  constrnijtion  of  wing-dams  would  add  about  six  >veok8  to  the  duration 
of  ^  2-foot  stage  to  that  point.  We  may  with  safety  assume  that  the  improvement 
will  add  one  month  of  2  feet  water  (the  lea^t  practicable  depth  for  steamboats)  to  the 
duration  of  navigation  to  Warren,  thus  making  an  annual  navigation  of  1(30  days. 
It  must  be  borne  in  mind  that  the  130  days  dunng  w^hich  the  river  is  uow  navigable 
cannot  all  be  relied  on,  as  the  presence  of  rocks  practically  cuts  off  from  s«ifo  naviga- 
tion all  tbe  time  that  the  river  is  act»ually  below  a  <lepth  of  3  feet.  In  ellect,  there- 
fore, the  improvement  will  add  fully  two  mouths  to  the  period  of  each  year,  during 
which  st<^amers  and  barges  can  ply  on  the  river  as  high  as  Warren.  This  much 
secured,  the  bark  industry  and  others  to  be  Ixmefited  could  be  managed  in  the  same 
manner  as  the  coal  trade  froui  Pittsburgh,  which  keeps  relays  of  boats,  some  of  which 
are  always  at  the  mines  in  readiness  to  depart  whenever  a  rise  comes. 

In  selecting  places  for  imi)rovemefit  I  have  paid  no  att-ention  to  shoals  or  rijiples 
which  have  naturally  1  foot  depth,  and  are  otherwise  clear  of  obstructions.  It  is  not 
possible,  I  believe,  to  maintain  in  extreme  low-water  a  depth  of  over  1  f<)ot  by  any 
system  of  wing-dams  in  this  river  which  will  leave  open  a  space  wide  enough  for  the 
passage  of  tow-boats  with  three  barges  abreast.  A  boat  and  thn^e  barges,  one  ahead 
and  one  on  each  side,  make  a  safe  Allegheny  River  fleet. 

Work  on  the  improvement  of  the  Allegheny  w^as  undertaken  for  the  first  time  doling 
the  past  season,  $10,000  having  been  appropriated  for  that  purpose.  With  this  sum 
two  wing-dams  were  constructed  and  the  channel  was  tolerably  well  cleared  of  rocks 
(several  thousand  having  been  removed)  for  30  miles  above  Pittsburgh.  To  extend 
the  work  already  begun  up  to  Warren  wonld  cost  as  follows : 

Kirst  division. — Pittsburgh  to  Brady^a  Bendy  69  milea. ^Thfi  improvement  to  Brady's 
Bend  wonld  enable  oil  boats  to  load  with  oil  from  the  Butler  or  lower  oil  region* 
and  would  be  of  the  tirst  importance  to  the  limestone  trade.  It  wonld  also  enable 
rafts  from  the  Kiskiminetas,  the  Ked  Bank,  and  the  Mahoning  rivers  to  descend  with 
safety  at  the  lowest  stage  in  which  they  can  ILuat.  For  this  cBvision  I  would  estimate 
aa  follows  : 

To  finish  the  two  dams  built  in  1879 .^ v  ......     $4,000 

12  dams,  costing  $3,500  each 42,000 

For  the  removal  of  rocks,  &c ^.--»  -...-  .... ^ ...**       7,000 

Total ^^ .>.  .     53,000 

Second  division — Brady* s  Bend  to  OU  City^  (U  milea. — This  division  %vould  extend  to 
the  heart  of  the  middle  oil  fields,  and  be  of  beneilt  k)  the  populous  towns  of  Parker 
City,  Emlenton,  Franklin,  and  Oil  City.  It  would  also  develop  a  large  coal  trade, 
and  enlarge  the  stave  and  lumber  business  from  tlie  Clarion  Biver,  French  Creek,  &c. 
This  division  would  require 


10  dams,  costing  $2,500  each  .*........ .• ^. $^,  000 

Kemoval  of  rocks,  &o ^.  ^ .^ 3,000 

Total « V 28,000 

Third  diimion — Oil  City  to  B^arrenj  58  mUes.-^The  hnprovement  of  this  division  would 
be  of  great  benefit  to  the  lumbermen,  and  an  advantage  to  the  thriving  towns  of  Tio- 
nesta,  Tidioute,  and  Warren.  It  would  no  donbt  be  the  means  of  developing  an  ex- 
tensive trade  in  hemlock  bark. 

For  this  division  I  would  estimate  sm  CdUowb  : 

HP  wing-damsj  at  $1,500 .  ..*. $^,500 

For  the  removal  of  nwks^  &c ^ 2,000 

Total -. 30,500 

The  total  for  the  improvement  of  188  milee  of  river,  allowing  10  per  cent,  for  engi- 
neering and  contingencies,  and  including  $10,000  already  expended,  amount-s  to 
$133,6ij0,  which  makes  an  ftverage  of  less  than  $700  per  mile* 

aEKBKAL  DESCHIPTION  OV  THE  AU.BOHENT   XZYER    BETWBEir  OUEAN,  NEW  YORK, 

AND  FRANKMN,   PENNSYLVAIOA.,   132  MILES. 

The  survey  vnm  begun  at  the  moal^  of  Olean  Creek,  Angost  2SL  1879.  Olean  Creek 
entezB  the  Allegheny  Kiver  Sfoita  tbe  nght  at  the  town  of  Olean,  Cattarangns  CountY 
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New  York.  Below  the  junction  of  the  streams  there  is  a  detached  bar  on  the  right, 
from  tlie  head  of  wliich  to  the  upper  end  of  Hoop^s  Island,  500  feet,  the  channel  is 
narrow  and  crooked,  but  has  a  depth  of  1.1  feet  in  low-water.  The  channel  passes 
down  to  the  right  of  Hoop's  Island.  Tbere  is  no  trouble  at  this  point,  the  ripple 
being  scarcely  appreciable.  About  1,500  feet  below  the  starting-point,  the  Allegheny 
is  crossed  by  an  open  highway  bridge.  It  is  a  through  iron  tniss  240  feet  long, 
divided  into  3  spans  of  80  feet  each,  elevated  in  the  clear  lt».5  feet  above  low-wat«r 
surface.  The  rafting  channel  is  under  the  middle  span.  The  high-water  of  1873  rose 
15.8  feet  above  low-water  mark,  or  to  within  a  few  inches  of  the  bottom  chords  of 
this  bridge.  Thence  the  channel  continues  in  mid-river,  with  a  depth  of  over  2  feet, 
to  Parker's  Dam. 

Parkei'^s  Danij  1.11  miles  helow  Olean. — This  is  the  remnant  of  an  old  mill-dam.  On 
the  left,  a  portion  of  the  crib-work  remains  standing  2  feet  above  low-water.  The 
channel  past  this  obstruction  is  150  feet  wide  and  2^  feet  deep  in  low-water.  The 
descent  in  a  distance  of  300  feet  is  1.42  feet.  For  the  present  no  work  seems  to  be 
necessary  at  this  point.  * 

Warren  and  Bradford  Nairow- Gauge  Railroad  Bridge,  1.33  miles  helow  Olean. — "this  is 
a  wooden  Howe  truss  through  bridge.  The  abutments  and  piers  are  timber  resting 
on  piles  driven  into  the  soft  gtavel,  which  for  many  miles  below  Olean  fonns  the  bed 
of  the  Allegheny.  This  bridge  has  3  spans  of  100  feet  in  length  each  ;  height  in  clear 
above  low-water,  20  feet.  The  channel-way  passes  under  the  central  span.  Thence 
the  river  is  clear  of  obstructions  and  easy  to  navigate  to  Allegheny  Station. 

Allegheny  StafioUf  4.43  miles  helow  Olean. — This  is  a  station  on  the  Erie  Railroad,  on 
the  right  bank  of  the  river.  The  river  is  here  crossed  by  a  highway  bridge  of  four 
spans,  each  100  feet  in  length.  One  of  the  shore  spans  is  built  of  wood,  but  the  other 
three  are  iron  bow-string  girders.  The  bridge  is  19.4  feet  in  the  clear  above  the  low- 
water  surface.  The  channel  under  either  of  the  central  spans  is  taken  by  the  rafts- 
men. Thence,  after  passing  three  ripples,  with  a  least  depth  of  7  inches  and  a 
scarcely  appreciable  fall  (see  tables  of  ripples),  the  channel  remains  good  to  Yandalia 
Station. 

Vandalia  Station^  on  the  right  bank,  10.4  miles  helow  Olean. — The  station  is  about 
half  a  mile  distant  from  the  river,  across  a  low,  flat  bottom.  A  bridge  crosses  the  river 
at  this  point.  It  is  a  cheap  wooden  highway  bridge  of  Queen  trusses,  with  three  spans, 
as  follows:  right  shore  span  60  feet,  middle  150  f.jct,  left  shore  80  feet.  The  middle 
span  has  fallen  down,  and  as  the  channel  passes  through  this  opening  the  bridge,  as 
far  as  height  is  concerned,  is  no  obstruction.  As  originally  built,  its  height  in  the 
clear  was  15.2  feet  above  low- water  surface.  The  missing  span  was  doubtless  carried 
out  by  a  tlood.     The  channel  renniins  good  to  an  island  0.8  mile  below  the  bridge. 

Island,  11.1  mih'tf  below  Olean. — This  is  the  tirst  island  below  Olean.  It  is  600  feet 
long,  bnt  as  it  is  entirely  covered  at  a  4-fo(>t  stage  it  scarcely  deserves  the  name.  The 
channel  passes  down  the  right-hand  chiite  and  has  a  depth  of  1.8  feet.  Length  of 
ripple,  1,300  feet;  fall,  2.06  feet..  This  is  the  tirst.  considerable  ripple.  The  bottom 
thronghont  is  iifie  gravel,  no  rocks,  either  solid  t>r  detached,  having  yet  been  noticed 
in  the  river  bed.  The  channel  thence  remains  good,  with  no  important  ripples,  to  the 
bridge  of  the  IJradford  Hranch  of  the  Erie  Railroad. 

Bradford  Branch  Railroad  Jiridge,  14.7  miles  below  Olean. — This  is  an  uncovered  through 
bridge  of  wooden  Howe  truss(\s,  an<l  it  crosses  the  river  with  one  span  of  185  feet. 
The  abntnients  have  been  extended  50  feet  o!it  into  the  river  on  each  side,  narrowing 
the  natural  width  100  feet.  As  its  lower  chords  are  only  14.4  feet  above  low-water 
surfaie,  the  bridge  will  ])robably  be  carried  away  by  th(i  hrst  high  freshet.  It  has 
been  built  sincui  the  sudden  d(n'el()i)meut  of  petroU;nm  in  the  Bradford  oil  region,  and 
it  is  (luestionable  whether  it  will  last  as  long  as  th<-  excitement  in  that  district. 

Tuna  Creek,  15  mUes  below  Olean. — This  is  a  considerable  tributary  entering  from  the 
south  or  left  hand.  It  heads  in  McKean  County,  Pennsylvania,  and  i)asses  through 
the  Bradford  oil  conntry.  A  large  number  of  rafts  come  down  this  stream  in  high- 
water  from  Bradford,  which  is  12  miles  up.  Immediately  below  its  mouth  the  Alle- 
gheny is  crossed  by  a  bridge. 

Tuna  Creek  Bridge,  15.1  miles  below  Olean. — This  is  an  uncovered  highway  bridge  of 
wooden  Queen  trusses,  with  a  total  length  of  320  feet.     It  has  two  channel-spans,  each 
of  104  feet,  and  two  shore-spans,  tlie  right  one  being  72  feet  and  the  left  one  40  feet. 
The  elevation  in  the  clear  above  th(^  low-water  surface  is  26  feet. 

Bridge  18  miles  helow  Olean. — A  ponton  bridge  crosses  the  river  at  the  18th  mile.  Its 
length  is  230  feet.     It  is  arranged  so  as  to  be  swung  open  in  the  rafting  season. 

Upper  Ilorseshoe  Bend  Ripple,  19.5  miles  below  Olean. — Thft  is  the  first  point  below 
Olean  at  which  raftsmen  have  serious  trouble.  A  small  gravel-bar  divides  the  chan- 
nel. On  the  right  the  least  depth  is  1.8  feet,  but  the  channel  is  only  60  feet  wide.  On 
the  left  the  channel  is  150  feet  wide,  with  a  depth  of  1.2  feet.  The  fall,  in  a  distance 
of  850  feet,  is  1.62  feet.  A  wing-dam  150  feet  long,  closing  the  right  ohute,  would 
probably  be  the  means  of  washing  out  an  easier  channel  for  the  raftsmen. 

Bemis  Boom,  20.7  miles  from  Olean. — This  boom  is  constructed  of  piles  driven  at  in- 
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tervala  of  a  few  feet.  It  fxtomis  Scorn  the  left  aliore  iliagoualty  across  the  river.  At 
a  point  750  feet  below  ila  heud  the  chaimtl  is  rwliieed  by  it  to  a  width  of  150  feel. 
Tlie  eulire  len^h  of  tbe  boom  is  2,100  feet,  tennitiating  opposite  the  lurge  saw-inill  of 
Mr,  J.  M.  BemiB.  Immediately  below  the  sftw-inlll  the  river  is  crosaert  bv  n  ponton 
tfTidge  300  feet  long. 

Tuna  Lumber  Compang  Boom,  ^1.1  miJoi  htttne  Olaan. — This  boom  starts  froai  the  right 
bank  and  extends  iliagonally  towards  the  left.  At  u  distance  of  fiOO  funt  from  its  hwd, 
— rthe  left  shore,  a  channel  100  feet  tride  is  left  open.     The  bcioin  continnes  along 

-   -  s  right  ..._     

LrwU  Utand,  83.3  niilet  bflforo  Olean. — Great  Valley  Creek  entera  from  the  right  2,01. 
feet  above  the  head  of  the  island.  Some  years  ago  the  Tuna  Lumber  Company  oloaed 
the  right-hand  chute  of  the  island  (the  present  channel)  with  a  Inw  dam,  the  inten- 
tion being  to  aid  their  watar-power.  Tbe  old  channel  waa  down  the  left-hand  ohnte, 
bnt  this  chute  wsa  afterwards  closed  by  a  mill-dnm  built  entirely  across  it  2,800  feet 
below.  That  aide  has  now  become  so  filled  with  obstroetiona  that  it  is  no  longer  nav- 
igable. There  is'a  fall  of  9  inches  at  the  dam  acroea  the  right-hand  chanud.  The 
removal  of  Ibia  dam  would  benefit  the  shoals  beiow.  The  average  width  of  the  ohan- 
nel-chute  is  S50  feet. 

Salamanca  Bridgn,  23.2  miles  helnji  Olean. — This  is  a  highway  bridge  that  croaaes  the 
river  600  feet  below  the  font  of  Lewis  Island.  It  stands  In  shallow  water  in  a  ripple, 
which  iu  a  length  of  1,200  feet  falls  :i..12  feet,  and  has  a  toast  depth  of  11  Inches.  It 
is  the  raoat  decided  fall  so  far  observed  on  the  river  below  Olean,  The  bridge  is 
divided  into  live  apaua,  the  three  in  the  eeuter  being  of  iron,  and  each  85  feet  long. 
Tbe  righlr^hore  span  is  100  fi-et  and  tbe  left-shore  span  50  feet  long,  both  tbroogh 
ATuoden  trnaaes.  The  entire  length  of  the  bridge  is  405  feet.  It  has  stone  piers  rest- 
ing on  piloe.  The  best  channel  posses  under  the  central  span.  Height  iu  the  clear 
above  low-water  snrface,  19.3  feet.  Salamanca,  on  the  right  hank,  is  a  large  and 
thriving  town,  and  is  an  important  railmad  center.  On  the  left  bank,  opposite  tile 
lower  end  of  tliD  town,  is  the  Tana  Lumlior  Company  saw  and  planing  mill.  It  lioe  a 
daily  capauity  of  36,000  feet,  hoard  measure,  of  lumlicr. 

Liitte  I'atlea  Creek  htand,  34.0  milrt  bclme  Olean. — At  the  mouth  of  the  oreek,  which 
enters  from  tlie  right  below  the  huad  of  the  island,  a  bar  of  &uq  gravel  has  made  out 
into  the  river,  by  which  the  channel  is  narrowed  to  a  width  of  60  feet,  forming  a 
strong  ripple  with  a  depth  of  1.3  feet.  Passing  this  island,  in  a  distance  of  2,400  &et 
thn  river  falls  3.71  feet.  A  wing-dam  200  feet  long,  closing  the  left  chute  of  the 
island,  would  effect  a  deoidod  improvement  to  the  navigation.  About  the  middle  of 
the  island  a  wagon-bridge  of  iron  bow-string  girders  crosses  the  river.  Over  the 
riffht  chnl«  it  has  two  spans  of  100  feel  and  one  span  of  116  feet ;  over  the  left  chat« 
it  line  one  span  of  100  teet.  The  intermediate  section  on  the  island  (235  feet  long)  Is 
supported  on  piles.  Total  length  of  bridge,  643  feet ;  height  in  the  clear  above  low- 
water  surface,  20  feet.  Immediately  below  Little  Yiuley  Creek  Island  another  island 
occurs.  The  channel,  in  posasng  abi^ptiy  to  the  left  ehut«  of  this  island,  is  reduced 
to  a  width  botweoif  the  islands  of  200  teet.  Very  little  water  passes  to  tlio  right  of 
the  second  island  at  the  present  low  stage.    No  particular  trouble  here. 

Bveklooth  Iiland,  35.7  mitea  below  Olean. — The  length  of  tbis  island  (which  is  culti- 
vated) is  4,000  feet.  The  channel  is  to  the  right,  with  a  general  width  of  250  fbet. 
Near  its  foot  Bncktootlv  Run  enters  tJie  river  from  the  right,  and  bos  pushed  out  a  bar, 
making  a  shoal  ripple^  the  least  depth  being  9  inches.  There  are  3  ripiilos  in  the 
chute  of  this  island,  with  a  total  descent  of  5.29  feet.  From  tbe  foot  of  tue  island  to 
Jamison's  Falls  tbe  depth  is  good. 

Janiiwn'ii  Falls,  27.5  miles  beloiB  Olean. — Length  of  rinple,  150  feet ;  fall,  1.81  feet ; 
least  depth,  9  inches.     Bottom  composed  of  small  bowlders. 

JamUon'*  hland,  26.4  nilea  belirw  OUan. — Island  600  feet  long  and  300  feet  wide. 
Channel  down  the  right.  The  chute  is  shoal  throughout.  In  a  distance  of  WW  feet 
the  river  falls  2,74  feet,  with  a  least  depth  of  9  inches.  There  are  some  loose  rocks  in 
the  channel,  which  could  be  removed  to  advautage,  A  wing-dam  200  feet  long,  clos- 
ing the  loft  chut*,  would  add  considerable  water  to  the  channel.  Ou  tie  right  shore 
Iherc  are  a  number  of  rocks,  vailing  in  sine  from  1  to  2  cnbic  yards.  These  are  the 
first  rocks  appearing  along  the  nver  below  Olean,  and  are  indicative  of  a  change  in 
tbe  characteriBticH  of  the  stream.  Thence  to  Sunlish  Island  the  channel  remains  in 
mid-river.    No  trouble.       . 

.SiinJIiih  Inlnml,  30  milrt  beloiv  Olean. — Tliis  island  was  once  cultivated,  but  has  been 
fo  miich  eroded  by  tlie  river  that  at  presont  it  is  a  more  gravel  bur,  covered  at  a  3}- 
foot  atugc.  U  ia  600  Coet  long  and  300 feet  wide.  The  channel  isonthe  leftSOO  feet 
wide.  A  narrow  clmtu,  oiilv  50  Iwl  wide,  takes  around  the  right.  The  entire  length 
ofthn  ripple  is  1,050  feet,  with  a  fall  of  3,03  feet,  and  a  least  depth  of  1  foot,  NoTm- 
provomeiit  appears  to  be  necessary.  On  the  right  shore,  600  feet  below  the  Idand, 
there  is  a  large  crescent-shaped  gravel  bar,  1,900  feet  long  and  250  feet  wid»,cw^f«A. 
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at  a  1.5-foot  stage.  The  channel  passes  to  the  left  of  the  bar,  and  has  a  least  depth  of 
11  inches.  The  ripple  is  300  feet  long,  with  a  &11  of  1  foot,  and  a  channel  950  feet  wide. 
No  trouble. 

Bed  Mouse  Bridge,  30. 98. miles  helow  Olean. — This  is  an  nnoovered  thiongh  highway 
bridge,  composed  of  combination  (wood  and  iron)  trusses.  The  entire  length  is  410 
feet,  which  is  divided  into  3  spans  of  the  following  lengths,  measured  from  center  to 
center  of  piers :  right  hand  span,  170  feet ;  middle  span,  132  feet ;  left  channel  or  shore 
cman,  108  feet.  It  rests  on  masonry  piers  and  abutments.  The  channel  passes  under 
tne  middle  span.    Height  in  the  clear  above  low-water  surface,  21  feet. 

Hed  House  Creek  Island^  31.8  miles  below  Olean. — ^The  length  of  this  island  is  1,500 
feet  and  the  general  width  is  200  feet.  The  channel  passes  down  the  left  chute  and  is 
B^nt  250  feet  wide,  except  at  a  point  about  midway,  where  it  is  narrowed  to  150 
feet  by  a  bar  extending  out  from  the  left  shore.  Ripple  at  head,  200  feet  lonjgr ;  fall,  1.07 
feet ;  depth,  11  inches.  Ripple  midway  in  chute,  550  feet  long ;  fall,  0.95  foot ;  depth, 
11  inches.  Considerable  water  wastes  down  the  right  chute.  A  wing-dam  150  feet 
long,  dosing  that  side,  would  deepen  the  channel.  The  bottom  here  is.  composed  of 
fine  gravel. 

Red  House  Creek,  nearly  dry  at  this  season,  enters  from  the  left  400  feet  below  the 
island.    Thence  for  2,000  feet  the  depth  is  good  to  Red  House  Island. 

Bed  House  Island,  32.5  miles  below  Olean. — The  length  of  this  island  is  1,600  feet,  and 
its  width  is  200  feet.  It  is  covered  with  timber.  The  channel  passes  down  the  left 
chute.  A  rapid  from  near  the  head  of  the  island  extends  600  feet,  falling  2.49  feet, 
with  a  least  depth  of  11  inches.  The  right  chute  carries  a  stronc  stream  50  feet  wide 
even  at  this  low  stage,  which  miffht  be  turned  into  the  channel  by  closing  that  side 
with  a  low  dam  400  feet  long.  From  the  foot  of  this  island  to  Robinson's  Island,  a 
distance  of  4,000  feet,  the  channel  is  easy. 

Bobinson^s  Island,  33.8  miles  below  Olean. — ^Length  of  island,  1,900  feet;  greatest 
width,  225  feet.  The  channel  passes  down  the  len.  A  gentle  ripple,  with  a  depth  of 
1.5  feet,  occurs  at  the  head  of  the  island.  It  is  not  troublesome.  There  is  another 
ripple  near  the  foot  of  the  island,  known  as  ''Josh  Billings'  Ripple.''  In  a  length  of 
400  feet  there  is  a  fall  of  1.40  feet,  with  a  depth  of  2  feet.  No  improvement  seems  to 
be  required.  From  the  head  of  Josh  Billings'  Ripple  a  low  bar  begins  to  appear  on  the 
left  of  the  channel.  It  is  1,300  feet  long  and  200  feet  wide  at  its  widest  part.  A  little 
water  escapes  to  the  left  of  it,  and  the  whole  is  covered  by  a  rise  of  6  inches.  At  the 
foot  of  t^s  bar  there  is  a  wide-spread  shoal  and  ripple  600  feet  long,  falling  2.38  feet, 
with  a  least  depth  of  1.5  feet.    No  special  difficulty  in  the  navigation. 

Island,  35.9  miles  below  Olean. — Length  of  this  island,  2,400  feet ;  greatest  width,  275 
feet.  The  channel  is  down  the  right  chute.  The  bar  from  the  head  of  the  island  and 
another  from  the  right  shore  contract  the  channel  to  a  width  of  125  feet.  There  is 
also  a  short,  strong  ripple,  the  river  falling  1.02  feet  in  a  distance  of  150  feet.  Least 
depth  on  ripple,  11  inches.  Only  a  trifling  quantity  of  water  passes  to  the  left  of  the 
island. 

Quaker  Bridge  IsUmd,  36.5  miles  bdow  Olean. — Length,  1,400  feet;  greatest  width,  120 
feet.  The  deepest  channel  passes  down  the  right  chute.  Below  the  head  of  the  island 
a  ripple  occurs  measuring  600  feet  in  length,  with  a  fall  of  1.43  feet  and  a  least  depth 
of  11  inches.  Above  the liead  of  the  island  the  remains  of  5  piers,  possibly  remains  of 
a  bridge,  obstruct  the  channel.  These  should  be  removed  in  case  a  general  system  of 
improvements  is  undertaken  on  this  portion  of  the  river.  The  island  divides  the  vol- 
ume of  the  water  about  equally,  so  that  the  construction  of  a  wing-dam  closing  either 
side  would  undoubtedly  improve  the  depth  in  the  chute  left  open. 

Quaker  Bridge,  36.8  miles  below  Olean. — ^The  bridge  crosses  the  river  above  the  foot 
of  the  island  above  mentioned.  It  is  a  wooden  Queen  truss,  resting  on  wooden  pile 
piers.  The  entire  length  is  300  feet,  divided  into  4  spans,  averaging  75  feet  each.  Its 
clear  height  above  low-water  is  17.5  feet.    One  pier  stands  on  the  island. 

Hotchktss  Island,  *S7  miles  below  Olean. — This  is  a  cultivated  island  4,500  feet  long,  fuid 
with  a  maximum  width  of  425  feet.  From  above  its  head  a  small  island  on  the  right 
laps  with  it  a  short  distance.  The  channel  is  between  these  two  islands,  and  con- 
tinues down  the  main  or  right  chute  of  Hotchkiss  Island.  There  are  three  ripples  in 
this  chute.  The  first,  at  the  head  of  the  island,  is  850  feet  long  and  falls  1.55  feet,  with 
a  depth  of  1.5  feet.  The  second  ripple,  near  the  middle  of  the  chute,  is  1,000  feet  long, 
with  a  descent  of  210  feet,  and  a  least  depth  of  1  foot.  The  third  ripple  is  between 
the  foot  of  the  main  island  and  another  small  island  to  the  right.  The  low- water 
width  is  only  100  feet.  The  length  of  this  ripple  is  200  feet;  its  fall  is  1.41  feet,  and 
its  depth  is  1  foot.  There  is  no  trouble  for  rafts  at  this  island,  but  as  a  considerable 
volume  of  water  escapes  down  the  left  chute  of  the  large  island,  an  improvement 
could  bo  effected  by  closing  that  side  with  a  wing-dam  250  feet  long. 

Fish  Basket  Ripple,  38.3  miles  below  Olean. — At  this  point  a  low  bar  500  feet  long,  cov- 
ered at  a  2-foot  stage,  divides  the  river.  The  channel  is  to  the  right  and  there  is  no 
special  difficulty.  The  length  of  the  ripple  is  450  feet,  with  a  fall  of  1.24  feet  and  a 
least  depth  of  1.8  feet.    About  one-half  mile  below  there  are  two  gravel  bars  in  mid- 
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VjivCr  witli  a  nocrow  chute  betweeu  them,     tlitlior  abnie-i^bauiiel  can  Ite  iiitvigateil 
t  thin  obstrtiotitni,  though  neither  bus  a  dapth  of  over  10  inchM.     The  eutire  fnll 
.be  rirer  here  is  3.3T  feet  in  n  diatanoe  of  SOU  feet.    Suggestionn  for  imprnvenient 
^je  defBrred  for  tbe  preBont. 

Eolidag'i  Island,  39.9inif«  beloin  OEmr.— Length, 2,000  fbnt :  Kroitj-Ht  wiilth,  300  f«el. 
The  obftnuel  la  down  tbe  left  side.     At  the  foot  of  tne  UUnd  there  is  a  Htmng  rip|ile, 
■jbUing  3.^4  feet  iu  a  diatnoce  nf  300  feet.     Ll^Mt  <leptb,  10  ijicb<M. 
'      Fnrte  Burt  Bar,  41.3  miTe*  htUm  Olean.— This  bnr  is  sitnatrd  in  uid-rivnr.     II.  is  900 


B&et  long  and  275  feet  wide,  und  is  covered  at  ft  S^fout  Htaffe-    Ncurly  all  t)ie  water 

]  now  nasnes  to  tlie  right,  but  At  inie  pldoe  tie  w»l«r  surface  is  only  BO  feet  wida; 

leugth  of  ripple,  SoOfect;  dMoent,  1.63  fbet;  leadtt  depth,  1.1  feet.    No  improvonient 


I 


it  laggested. 

LitaetiotK  FalU,  41.6  iiAlei  fteJow  OUan. — The  river  here  falls  over  a  solid  ledsre  of 
ItnieBtono.  At  thi«  stoipo  tlw  water  Burfac*  U  20O  feat  wide.  Tbe  entire  lengih  of  the 
rapid  is  650  feet,  dettcetiding  3.d4  feet,  with  a  least  depth  of  I  foot.  Prikgrnenta  of  tha 
It^ge,  averaging  half  cubic  yard  iu  sise,  render  this  pliuse  hazardotis  for  rafts  duHiig 
the  luwor  rauiug  stages.    The  removal  of  these  rocks  would  b«  adviHitble. 

Tbe  ('iiannel  over  the  falls  is  near  the  left  shore.  At  this  point  on  the  right,  An 
island  'i,SMK>  feet  long  begins.  No  water  passes  behind  it  eii^.ptiug  at  high  slagM. 
Tha  island  belongs  to  the  hein  of  Complanter,  a  celebrated  lodioii  chief  of  the  Six 
Nations,  At  the  foot  of  tbe  island  (42.3  miles)  a  low,  flat  bar,  toveH<dat  aS-footstage, 
extends  oat  3S0  feet  into  the  nret  Stom  the  left  and  eontinuee  fur  a  dietanov  of  l,S)u 
feet.  This  bar  throws  the  ohannel  close  to  the  foot  of  the  iHbuid,  wbeooe  it  ooutinuea 
uloiig  tbe  right  aliore  below.  Length  of  ripple  at  this  point,  400  feat;  fall,  1.49  ftvt; 
depth,  1.2  feet;  width  of  channel,  150  feet.  Iiin^F 

Zeigler  Bar,  42.7  miles  belotB  Olean. — This  bar  extends  ont  from  the  right  tihore  17S 
feet  and  is  900  feet  long.  Length  of  ripple,  400  feet;  fa.11,  1.49  feet;  iemt  depth,  1 
foot.     Channel  near  left  shore.     No  trouble. 

BmkUioth  lalaad,  No.  2,  43  tnilet  Mote  O(eon.— Island  700  feet  long,  ISO  feet  wi,le. 
The  best  ohannel  passes  down  the  left  cbut«.  The  water  ia  abont  equally  dividnl  by 
the  island.  The  least  depth  found  was  only  6  inches.  A  wing-dam  300  feet  long,  to 
olose  the  right  chute,  wonid  be  odriaable,  The  ripple  is  'MO  feet  long,  with  n  fa]1  of 
1,32  feet. 

SaiB  Mill  Inland,  43.4  milr^  btlow  Olmn.— This  inland  is  800  feet  long  and  175  feet 
wide.  The  chanuel  passes  to  its  left,  but  at  one  point  it  in  contracted  to  a  width  of 
only  50  feet  by  a  gravel  bar  from  the  loft.  The  bar  ia  covei-ed  at  a  2f-fQ0t  stage.  The 
least  depth  In  the  channel  is  II  inches,  bat  this  might  be  increased  liy  closing  the 
right  obnte  of  tbe  island  and  tbe  left  ehnte  of  tbe  bar-  The  ripple  falls  2.9T  feet  in 
the  Bpaoe  of  600.  A  short  distance  below  this  island  there  is  another  ripple,  falling 
1  foot  in  300,  with  a  depth  of  1  foot.  Ae  the  water  ia  united  and  the  cbaonel  iu  m\S- 
river,  no  improveuient  is  snggeatod- 

LitiU  Island,  H.Zmilabelvai  Olmn. — Length  of  island  proper,  400  feet;  width,  80feet. 
Tbe  ohannel  passes  olose  to  the  loft  shore  and  ia  atrnighU  The  right  chute  of  the 
island  is  500  leet  wide,  bnt  it  is  obstructed  by  a  high  bar,  almost  nn  island,  between 
which  and  tbe  island  con^orable  water  wastes  iu  a  swift  nam)w  passage. 

Immediately  below  the  island  an  extensive  low  flat  bar  pushes  out  ffom  the  right 
shore  to  the  mid-civer  line,  but  does  not  interfere  with  the  low-water  ohannel.  The 
length  of  ripple  in  t^e  chauuel  chute  of  Little  Island  is  875  foot,  with  a  fall  of  2.22 
feet,  and  a  least  depth  of  I  foot.  The  bottom  is  oomposed  of  fine  gravel.  It  may 
eventnall.v  prove  advisable  to  cloae  this  right  chnte  of  the  island.  A  dam  500  feet 
long  will  be  required. 

Nem  York  and  Fgnntylimnia  Slate  Unt,  45. 1  milM  below  Olean. — At  this  point  there  is  a 
shore  bar  extending  out  from  the  left  bank  to  mid-river.  There  is  a  gentle  ripple 
abreast  of  the  bar,  which  has  a  length  of  400  feet,  a  fall  of  0.81  foot,  and  a  depth  of  1 
foot.  It  terminateA  600  feet  north  of  the  line.  The  State  lino  ia  the  Gonthem  ter- 
minns  of  the  Seneca  Indian  Keservation,  which  extends  np  40  miles,  with  a  width  on 
each  side  of  the  river  of  one-half  mile.  Considerable  tracts  of  tills  land  have  been 
leased  to  the  whites.  For  the  most  part  the  land  is  a  nide,  fertile  bottom ;  but  the 
Indians  prove  to  be  indifferent  iarmera,  the  yonng  men  preferring  the  excitement  of 
rafting  to  regular  labor.  These  aborigines  are  remnants  of  the  Senecas  and  Onanda- 
gas,  of  the  Six  Nations.  Bnt  few  if  any  of  the  pure-blooded  original  stock  enn  be 
ninnd  among  them,     They  number  in  all  about  500. 

CorydoH  Datn,  46.2  miles  betoip  Olean. — This  artificial  work  is  at  present  a  complete  ob- 
atmction  to  navigation,  excepting  at  high  stages  in  the  rirer.  Practically  the  dam  is  the 
head  of  navigatiim.  it  ia  made  of  timber  cribs  filled  with  stone  and  sheeted  with 
plank.  Ita  length  is  280  feet  and  it  entirely  closes  the  river.  The  fall  is  3.64  feet. 
On  the  left  two  mill-races  conduct  t^i  the  sftw-inilla  of  Charles  &  Co.  and  Morrison  & 


Co.,  eafh  of  which  has  a  daily  capacity  of  20,000  feet,  board  measure.  On  tbe  right, 
below  the  dam,  is  a  saw-mill,  the  property  of  Mr.  J.  Dalrymple,  with  a  capacity  equal 
to  the  others.     Immediately  below  the  dam  there  are  two  rough  stony  bare,  wliich  are 
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covered  at  a  2^-foot  stage,  and  have  a  clianiiel  between  tbem  that  is  only  75  feet 
wide.  Rafts  passing  over  the  dam  at  moderate  stages  bend  so  much  as  to  strike  the 
bottom  ;  many  have  m  this  manner  been  entirely  broken  up.  The  ripple  between  the 
bars  below  the  dam  has  a  length  of  600  feet,  with  a  fall  of  2.77  feet,  and  a  least  depth 
of  9  inches. 

Ripple,  46.7  miles  below  Olean. — At  this  point  a  bar  extends  out  from  the  right  shore 
somewhat  confining  the  channel.  Length  of  ripple,  475  foot ;  descent,  1.24  ^et ;  least 
depth,  1  foot.    No  improvement  suggested^ 

Hook^B  Island,  47  miles  below  Olean. — Length,  1,400  feet ;  width,  300  feet.  The  chan- 
nel is  to  the  left  aud  easy  until  the  foot  oi  the  island  is  reached,  where  there  is  a  rip- 
ple passing  between  the  head  of  a  second  island  on  the  right  and  a  small  isolated  bar 
on  the  left ;  length  of  ripple,  300  feet ;  descent,  2.28  feet ;  least  depth,  11  inches.  For- 
merly there  was  an  island  on  the  left  known  as  Woodbeck's,  but  the  flood  of  1865 
washed  it  entirely  away,  leaving  only  a  low  gravel  bar  2,500  feet  long  and  350  feet 
across  at  its  widest  i^oiiit.  It  is  now  covered  at  a  3-foot  stage.  No  water  passes  to 
the  right  of  Hook's  Island  excepting  at  freshet  stages. 

Broirn^s  Island,  47.5  miles  below  Olean, — This  island  begins  on  the  left  immediately 
below  the  foot  of  Woodbeck's  Bar.  It  is  4,000  feet  long.  The  maiu  body  of  the  river 
here  passes  between  two  islands,  the  one  on  the  right  being  3,000  feet  long.  A  rip- 
ple occurs  between  the  islands  (at  the  47.69  mile),  whose  leuffth  is  300  feet ;  fall,  1.U9 
feet ;  and  depth,  1  foot.  Tlie  bottom  of  tliis  ripple  is  composed  of  bowlders  larger  than 
any  heretofore  observed.  At  a  distance  of  900  feet  below  there  is  another  ripple 
located  oppqpite  the  foot  of  the  right-hand  island.  Here  also  the  bottom  is  composed 
of  bowlders.    Length  of  ripple,  150  feet;  descent,  0.57  foot;  depth,  11  inches. 

Complaniei'  Falls  and  Island,  48.6  miles  below  Olean. — Length  of  this  island,  3,400  feet. 
At  its  widest  part  it  measuree  400  feet,  exclusive  of  its  beaches.  The  channel  is  to  the 
left,  and  is  of  ample  breadth  excepting  at  the  "falls"  or  first  ripple,  situated  just  below 
the  head  of  the  island.  Here  a  low  bar  from  the  left,  covered  at  rafting  stages,  con- 
fines the  current  to  a  width  of  140  feet.  The  bottom  of  the  "falls"  is  coniposea  of  a 
cemented  gravel.  Length  of  ripple,  200  feet ;  descent,  1.97  feet ;  depth,  1.4  feet.  The 
chute  is  rather  shoal  throughout,  and  has  a  succession  of  ripples,  which  aggregate  in 
length  1,600  feet,  with  a  total  fall  of  6.23  feet,  and  a  least  depth  of  1  foot.  (See  table 
of  ripples  for  details.)  No  improvement  suggested.  At  the  fiftieth  mile  from  Olean, 
opposite  the  mouth  of  Complanter  Creek,  which  enters  from  the  right,  a  gravel  bar 
divides  the  channel  about  equally,  and  gives  a  depth  of  11  inches  on  either  side,  with 
a  scarcely  appreciable  ripple. 

Cornplanter  Island  Xo.  2,  50.4  miles  below  Olean. — ^This  island  is  about  1^-  miles  in 
length  and  700  feet  across  at  the  widest  point.  The  channel  is  to  the  right.  The 
left  chute  of  the  island  is  closed  near  its  foot  with  a  dam,  furnishing  power  to  a  saw- 
mill. The  owners  at  one  time  attempted  to  close  the  right  or  channel  chute  by  means 
of  a  wing  dam.  A  piece  of  this  dam,  100  feet  long,  projecting  into  the  channel  from 
the  head  of  the  island,  should  be  removed.  About  2,500  feet  below  the  head  of  the 
island  an  ice  gorge  in  1865  was  the  means  of  cutting  the  island  in  two.  Through  this 
slough,  which  is  about  100  feet  wide,  considerable  water  wastes  from  the  channel. 
There  are  7  ripples  in  all  in  the  channel  chute  of  this  island,  aggregating  in  len^h 
1,850  feet,  with  a  descent  of  9.42  feet.  The  worst  one,  known  as  "Gilman's  Bar,"  is 
just  below  the  cut-off.  Here  the  channel  is  very  much  contracted,  passing  between 
a  central  bar  and  the  island.  Length  of  ripple,  500  feet ;  fall,  3.03  feet ;  least  depth, 
11  inches.  These  shoals  would  be  much  improved  if  the  left  chute  of  the  island  and 
the  slough  referred  to  were  closed  by  means  of  wing-dams. 

Billyhs  Hippie,  52.3  miles  below  Olean. — There  are  here  two  small  detached  gravel 
bars  on  the  left  of  the  channel,  and  an  extensive  shore  bar  on  the  right.  No  trouble. 
Ripple  falls  1.80  feet  in  a  distance  of  500  feet. 

Schoonover  Island  and  Falls,  52.6  miles  below  Olean. — This  island  stands  in  mid-river. 
Its  entire  length,  including  bars,  is  1,200  feet,  and  it  is  300  feet  wide.  There  is  no 
special  trouble  here.  The  best  channel  is  down  the  right  chute,  in  which  there  are 
two  moderate  ripples,  together  measuring  725  feet  in  length,  with  a  fall  of  2.51  feet 
and  a  least  depth  of  1.4  feet. 

Uarrison^s  Ripple  and  mouth  of  Sugar  Creek,  53.3wi?c«  below  Olean. — Length  of  ripple, 
400  feet ;  descent,  1.57  feet ;  depth,  1  foot.  No  trouble  at  this  point.  There  is  a  large 
island  on  the  right  of  the  channel,  but  no  water  passes  behind  it,  excepting  at  high 
stages;  2,200  feet  below,  Harrison's  Lower  Rijiple  is  encountered.  Here  in  a  distance 
of  f  QO  feet  the  river  falls  3. 12  feet,  with  a  depth  of  11  inches.  Near  its  lower  end  some 
water  escapes  to  the  right  of  a  detached  bar.  No  imiirovement  is  suggested  at  present. 
Kinzua  Inland,  54.5  miles  below  Olean. — Length  of  island,  2,200  feet;  greatest  breadth, 
400  feet.  No  water  x^asses  to  the  left  of  this  island  excepting  during  high-water.  The 
channel  i)asse3  down  the  right  chute,  entering  which  there  is  a  gentle  ripple  with  a 
(lei>th  of  1  foot.  At  the  foot  of  the  island  there  is  a  bar  in  the  middle  of  the  river  and 
the  channel  passes  between  it  and  the  island,  with  a  width  of  80  feet.  The  ripple  in 
this  passage  is  600  feet  long,  with  a  descent  of  1.28  feet,  and  a  depth  of  1  foot.     Below 
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i.bis  bur  ami  iiunrlr  <^uiiii«RtiMl  wUli  it  tlieru  ts  n  siuitll  island  COO  fttut  lonii,  tite  elmit- 
iinl  iinsflliit;  to  il^  left.  From  thn  ftiut  uf  Ihis  istaiid  a  bar  kiiowu  ilk  ''  Kiaxiin  Bar,'' 
900  toH  lanj^  and  190  funr,  wldn,  ocouptos  the  right  half  of  the  river.  The  ciitiro  piM- 
Hugo  of  this  iBlmiil  iHid  bur  i»  Hhallaw.  The  length  of  the  ripple  b  1,450  fuot ;  its  de- 
scent iH  1.40  fiMjt,  itnd  it*  depth  I  foot.  A  faw  years  »go  the  olisiinol  was  to  tko  right 
of  the  amall  ialund  and  bar.  but  that  eidf  ia  now  nearly  ulosed  at  thia  ataffe. 

tUpptr,  5fi.5  milea  brloiB  oteim. — Hero  two  small  low  detached  bara,  caoh  300  foci  long, 
and  covered  at  a  stage  a  few  in<^hea  higher,  divide  the  volume  of  the  river  into  thrM 
parts.  The  oliannel,  about  100  feot  wide,  is  down  luid-river  botweeu  the  bars.  Length 
of  rlpi'lp,  375 feel;  desoent,  1.21  feet;  deptji,  11  inches.  lUflanien  nnually  float  over 
bora  as  low  as  those. 

Mnuih  of  Kiniua  Crvi,  56.0  laila  beUiiD  Olrtia, — This  creek  enters  from  the  left.  It  ia 
upward  of  30  miles  long.  At  one  period  ita  nnnnal  outpnt  of  pine  timber  amounted 
lo  from  10,000,000  to  13,000,000  fcot.  board  luuasure,  but  the  lumlior  sliipments  ftom  ita 
valley  are  now  comparatively  inaiguilioant.  The  town  of  ICinzua  ia  1  of  u  mib  back 
from  the  river.  The  dood  of  1865  cut  throngh  the  neck  between  the  creek  nud  the 
river  at  a  jmiut  000  feet  above  the  mouth  of  tlie  former.  As  there  ia  a  crookeil,  ahiU- 
Ion  ripple  in  the  river  below  the  eat-off,  it  would  be  of  lulvantage  to  uloae  the  gap 
with  a  dam  100  feet  long  in  order  to  atilixe  the  water  that  wastes  through  it.  The 
remklna  of  an  old  mill-daui  at  the  head  of  thia  ripple  f^irtticr  t^uds  to  impede  the  nav- 
igation.    Length  of  ripple,  375  feet:  descent.  1.33  feet ;  depth,  9  inches. 

Lower  down  and  nearly  opposite  the  inonth  of  the  creek  the  channel  passes  with  an 
nlirupt  torn  between  a  bar  on  the  right,  covered  at  a  3-foot  at^e,  and  the  foot  of  the 
island  on  the  left.  Length  of  ripple,  UOO  feet;  descent,  l.I  feet;  depth,  10  inches. 
This  ia  followed  400  feet  below  by  a  gentle  ripple  300  feet  long,  with  a  laU  of  OS  foot 
and  a  depth  of  10  inobes.    Thence  the  channel  remaina  fair  to  Bent'a  Siin. 

Benl'iBan,  SJJi  mile»  Mowi  Olean. — This  ran  enters  from  the  left  j  abarslarting  &om 
the  right  bank,  1,400  feet  above  the  mn,  extends  like  a  tongue  into  the  river  and  passes 
diagonally  down  Htream  a  total  distance  oftf,G00foet.  From  near  its  head  there  iaa  wide 
"pocket"  between  it  and  the  right  bank;  the  whole  is  covered  at  a  two-foot  stage. 
The  channel  down  the  leftbaukbquitenarrow  below  the  month  of  Bent's  Run,  being 
confined  to  a  space  only  75  feet  wide ;  between  the  foot  of  the  bar  and  the  foot  of  a 
small  island  to  the  left  the  depth  is  11  inches.  No  improvement  suggested  for  the 
present. 

CatekaU  Bar,  58.5nilttMoiBOlea}\. — At  thia  poiut  two  low  liars  in  mid-river,  covered 
at  a  2-foot  atiue,  oonflne  the  ohaunel  to  a  width  of  UO  feet,  close  to  the  left  bank.  The 
least  depth  is?  inches ;  length  of  ripple,  SOO  feet ;  descent,  1.90  feet,  Aa  some  water 
eacapes  to  the  right,  it  would  ho  advisable  to  close  that  side. 

Long  or  Goom  litand,  59  mllm  bttoip  Otean. — Length  of  ialund,  4,800  feet ;  gruotest 
breadth,  400  feet.  A  towhead  or  bar700fe6t  long,  lying  above  the  island,  conmies  the 
channt^l  close  to  the  left  shore,  the  water  surface  being  only  75  feet  wide.  The  ripple 
in  tliis  narrow  place,  in  a  diatanue  of  160  feet,  falls  1.41  ieet,  with  a  depth  of  li^  itiehea. 
Continuing  down  the  left,  and  l.BOO  feet  below  the  head  of  the  island  proper,  a  low 
bar  1,200  feet  long,  covered  at  a  If-fbol  stage,  almost  entirely  obatnicta  the  channel, 
aa  it  leaves  a  paasage  eloae  to  the  left  bank  only  50  feet  wide  for  the  entire  volume  of 
the  river  (no  water  passes  down  ta  the  right  of  the  island).  The  least  depth  in  this 
oanal-like  passage  is  1  foot.  There  are  two  ripples,  the  uppermost  one  havinic  a  fiill 
of  0.73  foot  in  60.  The  other  ripple  ia  near  the  foot  of  the  island  and  is  wider,  having 
a  descent  of  0.32  foot  in  100,  and  a  depth  of  1  foot.  No  improvement  is  for  the  present 
suggested  at  this  island. 

Shipman't  liland,  60.2  mi/™  beloui  O/enn.— Length,  1,600  fcc-t;  greatest  breadth,  200 
feet,  Thepoint  of  a  bar  from  thb  head  of  the  island  whiohliee  to  the  right  somewhat 
confliies  the  channel  whioh  passea  down  the  left  chul«.  Here  there  ia  a  ripple  100  feet 
long,  with  a  descent  of  0.56  foot,  and  a  least  depth  of  2  feet.  The  island  beach  next 
to  ttie  chnnnel^s  covered  with  bowlders,  whose  presence  in  the  river  bed  or  along  its 
banlcs  has  thus  far  been  only  oocasionally  observed.     No  trouble  to  the  navigation. 

Sutionweod  Maud,  60.6  miln  brtow  Olian. — Tills  inland  laps  the  foot  of  Hhipmau's 
Island,  and  has  a  length  of  2,000  fnst.  Near  its  middle  it  throws  out  a  sharp'poluted 
bar,  which  extends  beyond  the  lino  of  mid-river.  This  causes  a  gentle  ripple,  the 
channel  taking  to  theriglit  of  a  small  detached  bar,  just  showing  out  of  the  water  and 
givingaleast  deptit  of  1.1  foet.    No  trouble. 

ifouJfa  lilondi,  61.6  milt*  behw  OIchh.— Tbirre  are  three  islands  here,  their  heads 
lying  nearly  abreast  of  each  other.  Tlie  entire  length  of  the  islands  is  2,i00  feet,  tha 
cnannel  taking  to  the  right  of  them  all.  A  considerable  quantity  of  water  is  wasted 
down  the  various  chutea.  bnt  when  required  in  the  ehonnel  one  dam  300  feet  long 
will  close  theae  leakx.  "The  rip^  ot  the  head  is  400  feet  long,  with  a  descent  of  1.27 
feet,  and  a  depth  of  9  inches.  The  second  ripple,  about  midway  down  the  chute,  de- 
scends 1.37  feet  in  a  diiitance  of  250,  with  a  depth  of  2  feet.  A  number  of  rather 
large  bowlders  are  visible  along  the  right  bank  of  tlie  river.  Below  this  island  a  rope 
ferry,  known  ns  "Wardweira  Ferry,"  is  maintained  to  a  small  village  on  the  left. 
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There  is  a  saw-mill  in  this  place  operated  by  water-power,  a  dam  haTins  been  con- 
stmcted  for  the  pnrpoee,  which  closes  the  inshore  chnte  of  the  three  islands. 

Skipnum's  Island  No.  2, 62.8  miles  helow  Olean, — Island  1,500  feet  Ions  and  160  feet 
wide.  The  head  bar  extends  up  mid-river  900  feet  above  the  island.  The  channel  is 
to  the  left.  There  is  a  gentle  ripple  at  the  head  of  the  chute,  with  a  depth  of  1.6  feet. 
A  second  light  ripple  occurs  at  the  foot  of  the  island,  with  a  depth  of  9  inches. 

Lower  Shipman  Bars^  64  indies  below  Olean. — ^At  this  point  there  is  a  cluster  of  four 
small  bars  to  the  right,  which  are  covered  at  a  2-foot  stage,  and  a  larger  high  bar  900 
feet  long  to  the  left  of  the  channel.  There  are  two  moderate  ripples  here,  separated 
from  each  other  but  a  short  distance.  (See  tabulated  statement.)  The  least  depth 
is  9  inches.  If  necessary,  the  depth  coula  be  improved  by  means  of  dikes  from  each 
shore. 

Loxcer  Hook  Island^  64.7  milee  helow  Olean. — ^Length  of  island  proper  is  1,500  feet ; 
width,  250  feet.  The  channel  is  down  the  left  chute,  its  entrance  being  disting[aished 
by  a  widespread  shallow  ripple ;  length,  400  feet ;  descent,  1.37  feet ;  depth,  7  inches. 
No  water  passes  to  the  right  of  the  island  at  a  low  stage ;  but,  fortunately,  the  chan- 
nel passage  is  wide  enough  to  admit  of  a  contraction  of  the  current  and  still  leave 
room  in  the  middle  far  a  steamboat  or  barce  channel.  A  gentle  ripple  opposite  the 
foot  of  the  island  has  a  depth  of  1  foot.  Glade  Run  enters  from  the  right,  1,600  feet 
below  the  foot  of  the  island.  L.  A.  Robertson's  tannery  is  situated  on  the  left  bank 
of  the  run,  at  its  mouth. 

Mile  Island,  65.91  miles  helow  Olean. — ^Length,  1,200  feet ;  width,  200  feet,  exclusive 
of  bars.  The  bar  above  the  island  extends  upstream  500  feet.  The  rafting  chsinnel 
is  usually  to  the  left  of  this  island,  on  which  side  the  chute  is  straight ;  but  in  low- 
water  the  best  depth  is  found  down  the  right.  The  bar  at  the  head  of  the  island  con- 
fines the  channel  close  to  the  rieht  shore.  Here  there  is  a  ripple  560  feet  lone,  with  a 
descent  of  1.85  fact,  aud  a  depth  of  8  inches.  No  difficulty,  except  as  regaras  depth. 
The  question  coneeming  the  sides  of  the  island  to  be  closed,  in  case  an  increase  in  the 
depth  isdemred.  may  be  deferred  for  the  present.  In  four-fifths  of  a  mile  fr«m  the 
lower  end  of  Id^Je  Island  we  come  to  the  mouth  of  Conewango  Creek,  or  **  River,"  as  it 
is  sometimes  termed.  In  this  distance  the  Allegheny  is  generally  about  500  feet  wide, 
but  quite  shallow,  and  with  a  rockv  bottom.  Two  unimportant  ripples  are  passed,  on 
which  the  least  depth  noted  was  10  inches. 

Warren  Suspension  Bridge,  Conewango  Creek,  67.3  miles  helow  Olean. — ^This  handsome 
wire  bridge  crosses  the  river,  with  a  span  of  452  feet,  and  a  height  in  the  clear  above 
low- water  of  24.4  feet.  Conewango  Creek  enters  from  the  right,  1,300  feet  above  the 
bridge.  This  is  by  far  the  largest  tributary  the  Allegheny  has  yet  received.  Its  basin 
is  estimated  to  contain  960  souare  miles.  Lake  Chautauqua  drains  into  the  Cassadaga, 
a  branch  of  this  stream.  The  outlet  of  the  lake  is  30  miles  up  the  Conewango  and 
Cassadasa.  Its  surface  is  elevated  about  119  feet  above  the  waters  of  the  Allegh^iy, 
or  1,294  feet  above  mean  ocean  level. 

The  town  of  Warren  is  chiefly  located  below  the  mouth  of  the  Conewango  and  on 
the  right  bank  of  the  river ;  its  population  is  estimated  at  4,000.  It  contains  elegant 
modem  county  buildings  and  many  fine  residences  and  handsome  blocks  of  business 
houses,  which  latter  are  located  chiefiy  on  the  river  front  near  the  suspension  bridge. 
At  one  period  steamers  plied  regularly  to  this  point  in  the  spring  months  from  Pitts- 
burgh, 188  miles  below.  There  was,  until  quite  recently,  a  very  extensive  trade  in 
pine  lumber  transacted  from  this  point  by  river,  but  as  the  valley  of  the  Conewango 
has  been  almost  denuded  of  this  species  of  timber,  its  annual  value  is,  in  consequence, 
greatly  diminished.  Thousands  of  acres  of  hemlock  still  remain,  and  here,  ae  well  as 
elsewhere,  I  was  assured  that  if  the  river  were  improved  an  extensive  river  trade  in 
hemlock  bark  for  tanning  purposes  would  doubtless  spring  up.  Bark  is  a  light,  bulky 
substance,  and,  from  the  difficulty  experienced  in  packing  it  in  cars,  can  only  be 
made  remunerative  to  the  railroad  companies  at  rates  ruinous  to  the  consumers. 

Philadelphia  and  Erie  Railroad  Bridge,  67.9  miles  helow  Olean. — ^Thlb  is  a  covered 
through  bridge  of  Howe  trusses,  with  three  spans  of  150  feet  from  center  to  center  of 
piers.  The  heieht  in  the  clear  above  low-water  surface  is  18.6  feet.  Eight  hundred 
feet  below  this  bridge  a  low  shore  bar  from  the  right,  covered  at  a  3-foot  stage,  con- 
fines the  water  for  a  distance  of  2,800  feet  to  the  left  half  of  the  river  bed.  At  the  foot 
a  low  bar  from  the  left,  making  from  the  shore,  covered  at  a  2-fdot  sta^e,  further  re- 
duces the  channel  to  a  width  of  150  feet.  The  current  is  quite  rapid  and  variable  in 
this  passage.    Length  of  ripple,  700  feet ;  descent,  3.22  feet ;  depth,  1  foot. 

Mead's  Inland,  70.4  miles  helow  Olean. — Length,  1.1  mile;  greatest  width,  1,200  feet. 
The  rafting  channel  is  usually  down  the  riijht.  The  sur\'ey  was  made  down  the  left 
chute,  in  which  were  found  three  ripples.  The  first  one,  near  the  head,  has  a  depth 
of  only  7  inches,  the  river  falling  1.45  feet  in  a  distance  of  175.  The  other  ripples  be- 
low have  but  a  trifling  descent  and  a  least  depth  of  1  foot.  The  right-hand  chnte  of 
the  island  not  having  been  specially  examined,  no  suggestions  for  improvement  are 
ofiered  at  present.    The  only  complaint  at  this  point  is  the  lack  of  depth. 

Javkson^s  Island,  72.4  miles  helote  Olean. — Length,  1,100  feet;   width,  200  feet.     This 
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r  island  is  situated  iu  mid-river.  The  left  chute  is  dry  at  this  stage,  t!ie  cbaDncI  Iieiug 
down  the  right.  Half  way  dawn  tile  olinte  the  rivor  is  ponfined  liy  a  bar  frtrni  tlie 
fslaiid  to  a  width  o(  100  feet.  The  ripple  at  the  heml,  m  aoon  m  yon  etitnr  the  chute, 
isTTO  feet  long,  with  a  desoctit  of  I.2T  fbet,  and  a,  depth  of  1.9foc-l.  A  geutle  ripple  ftt 
the  foot  (if  the  island  falls  0.^  font  in  300,  with  a  depth  of  1.4  foet.  No  tToiible  st 
either  ripple. 

Grail  Flat  Itlatid and  Bar,  73 miJas Se/aie  OUan. — Leiigth  of  isliutd  proper,  1,000  feet) 
width,  150  feet,  Tho  inland  is  preomlpd  liy  a  towhead  900  feet  long.  The  ohanne 
passes  to  thn  right  of  tite  towhead  and  island,  but  the  chute  is  dlioal  throughout,  with 
A  number  of  suiaH  detached  liiirs  showing  ont  of  water  in  varioiw  poHition*. 

The  entire  chnt«  may  properly  be  conaidor«l  ae  one  ripplu.  Length,  1,865  feet; 
descfnt,  a.aSfoet;  leart  depth, 7  inches.  Onacfount  of  thebursand  the ionntj; depth, 
it  would  be  advisable  to  concentrate  all  the  water  in  the  right  chute  by  uloaing  the 
left  one.  Thence  passing  one  imimportant  ripple  at  the  73.67-niila  point,  depth  9 
inches  (tlie  river  jtasBing  to  the  right  of  a  detached  bur),  we  come  to  a  cluster  of  small 
bars  i-overed  at  2  feet  depth  (73.6*2  milea).  Here  tho  l>est  depth  was  found  olose  In  to 
the  right  shore  in  a  very  contracted  passage,  not  over  50  feet  wide,  with  a  depth  of 
(inly  8  inches.  Tlie  fall  in  ISO  feet  is  1.88  feet.  It  is  possible  a  dam  from  the  left  bank 
carried  to  mid-river,  and  thence  tnmed  down  a  few  hundred  feet,  would  effectually 
sweep  ont  these  bars  and  afibrd  a  lietter  depth. 

Fiih-Thm  Etpph,  74.62  milr»  bfloic  Olean. — A  nombw  of  scattered  rooks  show  them- 
Bclves  in  mid-river,  as  we  approach  this  ripple.  In  addition,  a  bar  from  the  right 
shore  contracts  the  river  somewhat  at  the  ripple.  Tho  latter  is  300  feet  long,  fallmc 
1.11  feet,  with  a  depth  of  8.4  feet.  No  improvement  required  eicepting  the  removal 
of  the  rocks. 

UrokenilraiB  Creek,  76  wiliw  below  (Mean. — The  town  of  Irrineton,  tho  junction  of 
MV^Tftl  railtoada,  is  sitnated  on  the  right  bank  of  this  creek  1  mile  above  Itfl  mouth. 

~"      " •    ^       -    hoAlle  • 

10  squa 
.    .  _  „  ,        .   .  .    n  the  high  platean  bordering  Lake  Erie.     These 

three  streams  are  remarkable  for  the  peraiat«ncy  of  their  diachai^e  in  seasons  of 
drought.  1  know  of  no  creeks  in  the  Ohio  Valley  so  remarkable  in  tms  respect.  Pos- 
sibly the  cool,  elevated  regions  In  which  thej*  originate  may  be  more  abundantly  snp- 
pliM  with  perennial  springs  than  any  area  of  equal  extent  below.  The  cooler  tem- 
perature may  alao  be  the  cause  of  leas  rapid  evaporation  in  the  autumnal  months. 

Brobenilraw  Itlan^,  75.7  nileti  beloteOUan. — Length,  1  mile;  greatest  width,  600 feet, 
The  channel  is  to  the  right  of  this  island,  and  is  impeded  by  four  ripples.  The  one  at 
the  head  is  the  only  one  with  a  descent  worth  noting,  namely,  2.42  feet  in  526.  It  has 
a  depth  of  9  inches.  Tlie  others  have  abont  the  name  depth.  (See  table  for  details.) 
Sfaonid  it  prove  necessarv  to  increase  the  lieptli  here,  a  wuig-dam  400  feet  long  wonld 
close  the  left  chute  of  the  island.  Considerable  wat«r  wastes  down  that  side,  and 
either  channel  can  bo  taken  at  rafting  Htagoa. 

Dann't  Tiland,  77.7  mile*  belon}  OUan. — Length  of  Island.  1.27  miles;  gieat«Bt  breadth, 
900  feet.  The  channel  is  to  the  right.  The  ripple  at  the  head  of  this  island  falls  S.3« 
feet  in  a.  distance  of  1,OSO,  with  a  depth  of  1.9  feet.  No  trouble.  From  below  the 
middle  of  this  island  a  long,  shallow  ripple  extends  to  the  foot  of  it.     Least  depth  op- 

rsite  the  foot  of  the  island.  7  inches.  Length  of  ripple,  2,900  feet;  descent,  5.06  feet. 
wing-dam  closing  tho  left  chute  of  this  island,  300  feet  long,  wonld  be  a  desirable 
improvement. 

CtarJe's  Ulaad,  79  nilet  belom  Olran.— Length,  3,900  feet;  gteateet  breadth,  400  feet. 
The  channel  is  to  the  right.  Seven  hundred  feet  down  the  chute  there  is  a  cluster  of 
six  low  bars  composed  of  Sne  gravel,  covered  at  a  Ij-foot  st-oge.  These  bars  confine 
thechannelclose  to  the  right  shore  for  l,000feot.  NoapecialdilBcuI'ty  in  passing  them. 
Lengthofripptn  at  this  point,  860  feet;  fall,  1.79  feet;  least  depth,  1  foot.  Thnnoeto 
tjie  loot  of  tno  island  the  channel  ia  wide  and  caey,  the  depth  varying  from  3  to  3  Awt. 

T&ompfon's/ffand.eO.SnitesbtlouOJaiH.— Length,  3,200  feet;  width,  400  £»t.  From 
the  l^ead  of  the  island  a  bar  extends  np-st«am  1,000  feet.  The  channel  is  down  the 
right  of  the  island,  but  for  some  distance  it  is  confined  by  the  head  bar  to  a  width  of 
iw  feet,  passing  close  to  the  ri^ht  bank.  In  this  chute  there  is  a  ripple  650  feet  long, 
with  a  doeoent  of  1.79  feet,  and  a  depth  of  2  feet.  Near  the  foot  of  tlio  island  another 
ripple  occurs  1,150  feet  long,  falling  1.91  feet,  with  a  least  depth  of  10  inches;  thence 
there  l»  ftom  3  to  6  feet  of  water  through  Thompson's  Eddy  to  Parley's  Island. 

Farleu'e  hlaitd,  Conkliit'i  BaH,  ?S.V.  miM  belOK  Olean. — There  are  two  islands  here,  with 
a  total  length  of  5,000  feet.  The  head  of  the  second  island  commences  a  few  hundred 
feet  below  the  foot  of  the  uppermost  (outdide)  islands.  The  channel  is  to  the  right 
of  both  islands.  Tho  ripple  on  the  channel  side  begins  above  tho  head  of  the  tmt 
island  and  extends  down  2,101)  feet.  Least  depth,  1.2  feet;  descent,  3.10  feet.  Hear 
the  foot  of  the  second  island  another  hut  gentle  ripple  occurs.  The  channel,  curving 
towards  the  island,  has  a  depth  of  3  feet  while  passing  a  small  detached  bar  on  the 
right,  which  just  shows  out  of  water.    No  improvement  seems  necessary. 


1784    REPORT   OF   THE   CHIEF   OF   ENGINEERS,    U.    S.    ARMY. 

Smithes  Bar,  83.9  miles  helow  Olean,— The  uppermost  bar  is  1,500  feet  long  and  350  feet 
wide.  It  obstructs  the  entire  right  half  of  the  river  bed,  being  separated  from  the 
shore  by  a  chute  only  50  feet  wide,  through  which,  however,  considerable  water 
escapes.  The  channel  passes  to  its  left.  At  the  foot  of  the  bar  there  is  a  widespread 
shoal  on  which  there  is  only  6  inches  of  water.  The  river  in  a  manner  falls  over  a 
reef  at  this  point,  having  a  descent  of  1.07  feet  in  50.  Suggestions  for  improvement 
should  be  deferred  until  a  more  careful  examination  can  be  made. 

Millatone  Island  and  BaVy  84.8  miles  below  Olean. — The  low-water  channel  here  passes 
between  an  island  on  the  right  (4,900  feet  long,  including  800  feet  of  head  bar)  and  a 
high  bar,  2,1U0  feet  long,  on  the  left.  For  800  feet  below  the  head  or  entrance  there  is 
a  sharp  rapid  in  the  channel,  which  is  only  50  feet  wide.  The  water  descends  2.39  feet 
in  800,  witn  a  depth  of  1  foot.  Thence  a  gentle  ripple  continues  a  distance  of  2,000 
feet  to  the  foot  of  the  bar,  having  a  fall  of  1.30  feet  and  a  depth  of  1  foot.  About  one- 
half  the  volume  of  water  takes  the  channel  chute,  the  remaining  half  being  about 
equally  divided  between  the  other  two  chutes.  Dams  from  each  shore  may  be  neces- 
sary in  the  future. 

Magee^s  Island^  85,9  miles  helow  Olean, — The  island  proper  is  2,400  feet  long  and  200 
feet  wide.  The  channel  is  wide  and  easy  down  the  left  of  this  island  until  we  airive 
opposite  its  foot,  where  there  is  a  ripple  800  feet  lone  and  1  foot  deep,  with  a  descent 
01  1.84  feet.  From  this  point  a  tail-bar  from  the  island,  known  as  Goose  Neck  Bar, 
2,000  feet  long,  confines  the  channel  close  to  the  left  bank,  where  for  some  distance  it 
is  only  100  feet  wide.  In  this  chute  there  is  a  ripple  500  feet  long,  having  a  descent 
of  1.81  feet  and  a  least  depth  of  1  foot. 

Coursin  Island,  87.8  miles  below  Olean. — Length  of  island,  4,400  feet;  greatest  width,. 
500  feet.  The  channel  is  down  the  left  shore.  At  the  entrance  to  the  chute  there  is 
a  gentle  ripple  750  feet  long,  with  a  depth  of  1.9  feet.  Lower  down  another  ripple  is 
found,  1,200  feet  long,  with  a  fall  of  2.88  feet  and  a  depth  of  1.8  feet.  There  are  a 
number  of  snags  lodged  in  the  river  bed  below  the  foot  of  the  island.  No  trouble  at 
this  island  excepting  from  these  snags. 

Tidiouie  Suspension  Bridge f  89.7  miles  below  Olean. — This  is  a  wire  suspension  bridge^ 
with  two  spans  of  268  feet  each,  elevated  in  the  clear  above  low- water  surface  27.8 
feet.  The  channel  is  under  the  left  span.  The  town  of  Tidioute  is  on  the  right  bank. 
The  population  is  estimated  at  2,000.  Oil-pipe  lines  extend  from  TitusviUe  to  this 
point,  where  the  oil  is  delivered  on  the  cars  of  the  Pittsburgh,  Titusville  and  Buffalo 
Railroad.  Railway  tracks  are  continuous  on  the  right  bank  of  the  river  from  Warren 
to  Oil  City  and  Franklin.  (Railroads  follow  either  one  or  the  other,  sometimes  both, 
banks  of  the  Allegheny  River  all  the  way  from  Olean  to  Pittsburgh,  255  miles,  except 
from  Red  House  to  Warren,  a  distance  of  36^  miles.) 

Tidioute  Island,  89.8  miles  below  Olean.— Length,  1,300  feet ;  width,  200  feet.  Below 
the  bridge  there  are  a  number  of  small  stony  bars.  The  channel  is  to  the  right  of  the 
island,  but  is  crooked  and  much  obstructed,  both  at  the  head  and  at  the  foot,  with 
gravel  lumps  and  rocks.  It  is  a  place  calling  for  scraping  or  dredging  in  addition  to 
what  might  be  done  with  low  dams  to  concentrate  the  water.  The  ripple  at  the  head 
19  375  feet  long,  with  a  descent  of  1.73  feet  and  a  depth  of  7  inches.  The  ripple  at  the 
foot  is  400  feet  long,  with  a  descent  of  2.11  feet  and  a  depth  of  1  foot. 

Innne  Island,  91.2  miles  below  Olean. — Length,  1,400  feet ;  width,  300  feet.  The  chan- 
nel is  to  the  right  and  is  wide  and  easy.  A  gentle  ripple  at  the  head  as  you  enter  the 
chute  has  a  depth  of  1.7  feet.  Below  the  head  of  the  island  two  large  detached  flat 
bars  iu  mid-river  (covered  at  a  41^-foot  stage)  confine  the  channel  close  in  to  the  right 
bank.  These  bars  extend  down  for  1,400  feet.  Length  of  ripple,  1,000  feet ;  descent, 
2.31  feet ;  least  depth,  1  foot. 

ForUrfield  Island,  92  miles  below  Olean. — From  the  head  of  this  island  for  2^  miles  the 
channel  follows  the  right  bank,  having  on  the  left  a  continuous  series  of  islands  and 
bars,  numbering  fifteen  in  all,  which  do  not  need  special  mention.  This  portion  of 
the  river  may  be  described  as  a  series  of  ripples  and  shoals,  with  a  channel  which  is 
occasionally  very  tortuous.  In  8,350  feet  from  the  head  of  Porterfield  Island  there 
is  a  faU  of  5.77  feet,  with  a  least  depth  of  1  foot. 

At  various  points  there  are  rocks  or  large  bowlders  projecting  above  the  surface^ 
which  could  be  removed  to  advantage.  At  the  ninety-fourth  mile  a  bar  causes  an 
unusual  contraction  of  the  channel.  At  this  point  a  ripple  500  feet  in  length  has  a 
descent  of  1.58  feet  and  a  depth  of  6  inches.  This  is  the  shoalest  place  in  the  series. 
The  river,  in  this  bad  stretch,  admits  of  improvement  by  the  removal  of  rocks  and 
the  closing  of  several  of  the  chutes  with  dams. 

White  Oak  Island,  94.3  miles  below  Olean.— Length  of  island,  3,400  feet;  width,  500 
feet.  The  channel  here  turns  from  the  right  shore  at  an  angle  of  about  45^  and 
crosses  to  the  left.  It  passes  close  to  the  head  of  the  island  and  between  it  and  a  de- 
tached bar  to  the  left.  This  place  is  known  as  "  White  Oak  Chute."  This  fall  is  2.83 
feet  in  distance  of  450  feet,  and  the  depth  is  6  inches.  The  bar  to  the  left  and  the 
river  bed  are  composed  of  line  gravel.  A  dam  300  feet  long,  closing  the  right  chute 
of  the  island,  would  be  advisable. 
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Tlio  reaiilue  of  tlio  cLaiiuel  tlowu  tbe  le^  of  tLu  ii^lunil  ia  wiili>  imil  abitndaiitlj- 
deep,  vaiying  from  2  to  6  I'oet. 

Semlock  Inland,  9G  mite*  beloa  Oleati. — Titree  thiruaand  five  buntlred  feet  lung,  500 
feet  wide.  Tbe  cbanael  is  down  the  left  olinte.  The  ripple  at  the  bend  bM  a  ^ngtb 
of  046  feet  and  a  deacent  of  2.90  feet,  with  B  depth  of  1.3  feet,  and  a  gravd  bottom. 
Ko  pcirtlcalar  trouble.  At  tbe  foot  of  the  JBland  there  is  a  ford  in  a  ripple  350  feet 
long,  witbadeHceat  of  1.13  fuet  nndadeplhof  1.6  foet.  The  village  of  Eaitt  Hickory 
la  Bitiiutedon  tholeft  baok.  Below  theialand  for  flomedistani^e  the obnuuellBiu mid- 
river,  oontmod  betireeii  Boveral  liars  oti  tbe  left  (known  us  Fishing  Barn)  and  an  island 
ou  the  right,  hat  there  is  no  special  difflonlt.r  in  the  oaTigalioo.  Fisbing  Bar  Hippie 
bss  a  doBoent  of  l.SS  feet  in  300,  with  a  depth  of  1  foot. 

Ea»t  Biekorn  Crttk,  97.6  miUt  Mow  Otoaii.— This  oreek  euters  from  the  left.  The 
ohonnel  here  defieeta  suddenly  to  the  right  hank  in  a  ripple  wbose  length  is  500  feet ; 
deBi!ent,  l.SSIeet;  and  depth,  6  inoUeB,  Tbe  river  in  the  ripple  is  onited  in  ooe  body, 
but  it  ii  possible  that  the  depth  might  be  increased  by  scraping  eo  as  to  rcdnce  the 
width  of  ohauuel.  Thence  tbe  channel  follows  llie  right  shore  a  short  dislance  to 
Dorkaway  or  Weet  Hickory  Bar. 

li'eat  Hitkary  liar,  93.3  milfi  belote  Otmn. — At  this  place  low  bnra  from  each  shore 
gradually  converge  nutil  tbe  channel  Uowb  between  tbem  in  a  space  only  150  feet 
wide.  The  ripple  ia  not  at  all  troublesome,  its  length  being  B50  feet,  descent  1.93 
feet,  and  depth  l.!>  feet.  Tbe  town  of  West  Hickory,  located  on  the  right  bank,  is 
abont  one-half  mile  below  this  ripple. 

mekQrp  Town  Maud,  99.5  mila  IdmB  Ofran.— Length,  1,600  feet ;  greatest  width,  400 
feet.  The  channel  ia  down  tbe  left  and  is  comparatively  easy.  The  ripple  at  the 
head  is  310  feet  long,  with  a  descent  of  0.95  foot,  and  depth  of  1  foot.  Tbe  ripple  at 
the  foot  is  goo  feet  long,  with  a  descent  of  1  .SI  feet,  and  a  depth  of  1  foot.  A  bar  from 
the  foot  of  tbe  island,  covered  at  a  4-foot  stage,  tails  down  in  mid-river  for  3,000  feet, 

DaviDon'a  Bippte,100.G  miles  befatc  Olean. — At  IJiis  point  tbe  channel  cro«ses  from  tbe 
left  to  the  right  bank,  leaving  a  shore  bar  on  tbe  left.  Tbe  ripidu  has  a  width  of  over 
300  feet,  with  a  deeoeot  of  1.06  feet  In  220,  and  a  depth  of  10  inches.  Not  troiible- 
eome,  if  we  except  the  lack  of  depth. 

Daltfi  Itlanit),  101.5  milei  belote  Ottan. — Two  islands  in  line  in  mid-river;  tbe  lower 
is  separated  Irom  the  upper  bar  by  a  distance  of  only  100  feet,  wbioh  apaoe  is  occupied 
by  a  dry  bar.  The  nnited  length  of  the  islands  is  4,900  feet,  and  the  greatest  width  is 
600  feet,  measured  across  the  Tower  island.  The  channel  passes  to  the  left  of  these 
islands.  Three  hundred  feet  down,  tbe  chute  a  low  bar500  feot  Ions,  covered  at  a  11- 
foot  stage,  con&nes  tbe  channel  to  tbe  left  bank  in  a  passage  only  60  feet  wide.  The 
Tipple  measures  630  fe«t  in  length  witJi  a  descent  of  2.^  feet,  and  a  depth  of  11  Inches. 
Some  water  escapes  along  tbe  obannel  to  the  right  of  tbe  bar.  Soft  gravel  bars  like 
this  are  easily  moved  by  the  action  of  ice  gorees.  Two  other  ripples  occiir  in  the 
chnte  betow,  out  they  are  marked  by  no  special  dlfflcnlty  except  that  at  tbe  first  one 
there  is  a  rock  containing  25  cubic  yards  in  mid-river,  projecting  5  feet  above  low- 
wateranrface.  This  rook  is  much  worn  by  the  action  of  ice.  Raftsmen  take  the  right 
chute  of  this  island,  which  side  should  be  more  specially  exam.ined  before  concluding 
on  any  plan  for  improvement.  Below  this  the  ciiannel  passes  to  the  left  of  a  chain  of 
three  small  islands  known  as  MidiUetowu  islands,  with  no  special  trouble  to  Tub'sKun 
Bar. 

Tub^a  ifun  Sar»,  103.2  miU»  below  Oltan. — The  channel  is  here  somewhat  conflned  be- 
tween a  left-hand  shore  bar  and  a  bar  iu  nild-river.  Length  of  ripple,  600  feet :  de- 
scent, 2.41  feet ;  depth,  7  inches.  This  place  can  be  improved  by  confining  all  the 
water  in  one  bcilj  by  the  construction  of  several  short  wing-dains  closing  the  various 
outlets. 

HuHter'i  Maiid,  103.4  milca  beiovi  02«un.— Length,  900  feot ;  width,  SOO  feet.  The 
obannel  passes  down  the  loft.  A  bar  1,700  feet  long  ciftends  down  below  the  foot  of 
the  island.  Near  the  foot  of  the  bar  there  is  a  ripple  700  feet  long,  with  a  descent  of 
1.77  feet,  and  a  depth  of  10  inches.  No  particular  diBiculty  here.  Qood  water  thence 
to  Tionesta  Bridge. 

Xitmcula  Bridge,  104.4  mflca  btlow  OUan. — This  is  an  iron  bridge  of  bow-string  ^rders, 
with  three  spans  of  120  feet  each,  and  a  left-shore  span  76  feet  long.  The  totnllength 
of  the  bridge  is  435  feet.  It  rests  on  etonepiers  and  abntmenta.  The  clear  height  of 
the  bridge  above  low-wator  is  25^  feet,  The  channel  way  is  under  either  of  the  cen- 
tral spans,  and  tbe  depth  is  4  feet.  The  town  of  Tionesta,  the  county  seat  of  Forest 
County,  Pennsylvania,  with  a  population  of  600,  is  located  on  tbe  left  bank,  just  above 
the  mouth  of  Tionesta  Creek.  Tionesta  Creek  enters  from  the  left,  or  east,  and  it 
drains  about  220  square  ntilea.  It  ia  still  an  inniortaut  lumbering  stream,  the  quantity 
annually  delivered  at  its  mouth  being  20,000,000  feet  board  measure  of  lumber,  300,000 
bundles  of  sbiuKlea,  and  160,000  bundles  of  latbs.  The  value  of  thia  product  ia  over 
(400,000, 
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Five  of  these  Islands  form  a  chain  in  mid-riv«r,  the  three  remaining  ones  forming  a 
short  parallel  chain  inside  of  the  others.  The  largest  island  is  2, 100  feet  longand  600 
feet  wide.  There  is  no  special  difficulty  in  the  channel  past  these  islands.  The  rip- 
ples are  gentle,  and  only  at  one  point  was  the  depth  as  little  as  1  foot. 

Tioneeta  Creek  enters  the  river  behind  the  head  of  this  gronp  of  idands.  Raftsmen 
experience  much  difficulty  in  getting  ont  of  the  Tioneeta  into  the  Allegheny.  The 
natural  difficulty  was  aggravated  by  the  construction  of  a  dam  in  the  mouth  of  the 
creek,  which,  instead  of  proving  an  aid,  has  increased  the  trouble.  It  would  cost  but 
little  to  change  the  position  or  that  dam  and  open  a  chute  into  the  river  above  the 
head  of  all  the  islands. 

Cushion  BarSj  106.9  miles  below  Olean. — ^Just  above  these  bars  the  channel  turns  ab- 
ruptly from  the  right  bank  to  the  left.  Following  that  side  a  few  huncUred  feet,  a 
cluster  of  very  smaU  bars,  covered  when  the  river  rises  a  few  inches,  confines  it  close 
to  the  left  bank  with  a  width  of  100  feet.  The  ripple  through  this  place  is  1,175  feet 
long,  with  a  descent  of  1.85  feet  and  a  depth  of  1  foot.  Thirteen  hundred  feet  farther 
down  the  water  is  confined  to  the  right  shore  by  a  similar  set  of  bars,  but  with  a  wider 
channel-way.  The  ripple  is  400  feet  long,  with  a  descent  of  0.96  foot,  and  a  d^th  of 
1.7  feet. 

ffolman^B  Islandf  108.3  miles  heUno  Olean. — ^Length,  4,900  feet;  greatest  width,  600 
feet.  The  channel  is  down  the  left  of  this  island,  and  is  compf^atively  easy.  Mid- 
way down  the  chute  there  is  a  ripnle  350  feet  long,  with  a  descent  <^  1.33  feet,  and  a 
depth  of  11  inches.  At  the  foot  tne  channel  makes  nearly  a  square  crossing  to  the 
left  bank,  in  order  to  avoid  a  small  island  which  interlaos  Holman's  Island.  The  depth 
in  this  crossing  is  abont  1  foot.  No  trouble.  Thence  the  channel  holds  along  the  left 
shore  to  Maple  Island. 

Maple  Islandy  100.4  miles  below  Olean, — Length,  1,700  feet ;  width,  280  feet.  The  chan- 
nel is  down  the  left  ohute ;  midway  in  this  chute  a  small  island  to  the  left  oonfines  the 
channel  between  the  two.  Here  the  river  is  much  obstructed  b^  gravel  lum|»s.  Two 
ripples  farther  below  make  nearly  one  continnous  ripple,  their  unitM  length  being  1, 140 
feet :  descent,  2.93  feet ;  and  least  depth,  10  inches.  A  dam  closing  the  right  chute  of 
Maple  Island  would  probably  be  the  means  of  washing  out  a  better  channel  and  im- 
proving the  depth. 

BapidSf  110.5  mttee  below  Olean, — ^Above  this  point  a  bar  from  the  left  throws  the 
watOT  across  to  the  ri^ht,  giving  a  passageway  only  100  feet  wide.  Thero  is  here  a 
shaip  rapid,  the  water  in  iS  feet  falling  2.09  feet,  with  a  depth  of  1.4  feet.  The  only 
trouble  comes  f^om  the  swiftness  of  the  current. 

Hemloek  Creek  Island.  111.9  miles  belote  Olemn, — ^The  length  of  the  island  proper  is  900 
feet,  and  its  width  is  about  200  feet.  Tliere  is  a  small  island  of  the  same  name  well 
inshore,. opposite  the  mouth  of  Hemlock  Creek  (which  enters  from  the  left).  On  the 
left  bank,  and  abovje  the  oreek,  an  enterprising  citisen  has  erected  an  extensive  hotel 
called  the  President  House.  It  is  noticeable  cniefiy  because  there  are  no  other  build- 
ings near  it.  The  channel  passes  down  the  right  chute  of  Hemlock  Crock  Island. 
For  some  distance  it  is  quite  narrow,  being  driven  close  to  the  main  shore  by  the  head 
of  the  island.  Len^h  of  rii>ple,  1,140  feet^  descent,  3.4  feet;  depth,  1  f^ot.  The  bot- 
tom is  composed  of  loose  rocks,  some  of  which  could  be  romoved  to  advantage.  A  few 
of  these  rocks  project  mora  than  a  foot  above  the  surface  of  low-water. 

McCrary's  Bar^  112.8  miles  below  Olean, — This  bar,  now  covered  at  a  4-foot  stage,  was 
fermerly  an  island.  It  is  1,500  feet  long  and  250  feet  wide.  The  channel  passes  on 
either  side,  there  being  no  ma4;erial  difference  in  the  depth.  Thero  is  a  gentle  r^ple 
entering  the  right  chute  with  a  depth  of  1.8  feet.  Six  hundrod  feet  below  MeCra^s 
Bar,  another  bar,  in  mid-river,  900  feet  long,  and  covered  at  a  li-foot  stage,  confines 
the  channel  to  the  left.  At  its  foot  a  bowlder  reef  extends  entirely  across  the  river. 
The  depth  on  this  was  only  4  inches.  The  river  falls  at  this  place  1.48  feet  in  a  dis- 
tance of  70,  which  is  certainly  a  romarkable  jump. 

Plans  for  improvement  are  defeired  for  the  present.  Thirteen  hundred  feet  below, 
onposite  the  mouth  of  Henry  Run  (which  enters  from  the  right),  thero  is  a  gentle  rip- 
ple with  a  depth  of  1.1  feet ;  it  gives  no  trouble. 

Pit-Hole  Islands,  115.3  miles  behw  Olean, — These  are  two  small  islands.  The  channel 
passing  to  the  right  of  the  upper  one  is  wide  and  shallow,  and  full  of  loose  bowlders. 
!r it-Hole  Creek,  a  considerably  tributary,  enters  from  the  ri^ht,  opx>oeite  the  foot  of  the 
first  island.  Its  month  is  100  feet  wide.  Two  railroad  bridges  (one  railroad  extend- 
ing up  the  valley  of  Pit-Hole  Creek)  cross  it. 

From  the  mouth  of  the  creek  the  best  channel  (still  in  the  rightrhand  chute)  passes 
close  over  to  the  second  island,  hugj^ing  it  to  its  foot,  leaving  a  number  of  small,  dry 
bars  to  the  right,  and  others  extending  some  distance  below. 

This  is  an  exceedingly  swift  place,  tne  river  falling  4.65  feet  in  1,300,  or  at  the  rate 
of  about  18  feet  per  mile.  The  depth  found  was  not  quite  1  foot.  Scarcely  a  ves<»ige 
remains  of  Pit-Hole,  which  was  once  a  center  of  the  oil  excitement.  At  one  time  fis 
post-office  was  the  second  in  Importance  in  Pennsylvania. 

Walnut  Islandy  116.8  miles  below  Olean.— The  first  island  is  1,700  feet  long  and  500  feet 
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wide.  A  head  bar  exteuds  above  it  a  distanoe  of  1,300  feet.  The  obaBnel  is  to  the 
right.  In  entering,  passing  between  ^e  bar  and  the  right  bank,  the  channel  is  <miy 
IW)  feet  wide  and  10  inches  deep.  The  ripple  in  this  place  descends  2.61  feet  in  a  dis- 
tance of  1,360. 

The  second  island  is  1,000  feet  long,  and  it  commenoes  immediately  below  the  firot. 
The  channel  is  on  the  right,  and  it  has  several  small  detached  bars  on  each  side.  The 
ripple  at  the  lower  end  is  910  feet  in  length,  with  a  descent  of  1.92  feet  and  a  depth  of 
1  foot.  A  wide-spread  ripple  occurs  in  the  river  about  one-half  mile  farther  down.  Its 
length  is  1,390  feet,  and  its  descent  is  2.90  feet,  but  as  the  least  depth  observed  was  2 
feet,  no  improvement  seems  necessary.  Four  more  ripples  occur  at  intervals  in  the 
river  to  Alcorn's  Bar,  a  farther  distance  of  about  4  miles,  but  they  give  a  navigable 
depth  greater  than  1  foot.  In  this  reach  a  number  of  small  islands  and  bars  occur,  but 
the  channel  holds  to  the  right  of  them  all. 

Alcorn? 8  Bar,  122.4  miUa  below  Olean, — This  is  a  long  bar  in  mid-river,  just  below  a 
little  island  called  Horse  Creek  Island.  The  bar  is  3,000  feet  long  and  is  250  feet  wide, 
and  is  covered  at  a  stage  of  3i^  feet.  The  channel  is  on  the  right  of  the  bar,  where  there 
is  a  ripple  2,100  feet  long,  with  a  descent  of  1.37  feet,  and  a  least  depth  of  1.2  feet.  At 
the  extreme  lower  end  of  the  bar  another  ripple  is  found  500  feet  long,  with  a  descent 
of  1.99  feet,  and  a  depth  of  1.9  feet.  There  is  no  special  difficulty  at  either  of  these  rip- 
ples. The  Imperial  Oil  Befining  Company,  one  of  the  Standard  Oil  Company's  works, 
is  located  on  the  right  bank.  It  is  the  first  oil-refining  establishment  met  with  below 
Olean,  and  is  said  to  be  the  most  extensive  in  the  United  States.  It  certainly  pollutes 
the  river  with  enough  refuse  to  justify  the  encomiums  that  are  passed  on.  its  capacity. 

Allegheny  Valley  BaUroad  Bridge,  l^AmHeshelow  OUan, — This  bridge  crosses  the  river 
diagonally.  It  is  a  covered  wooden  structure  on  the  Howe  truss  principle,  with  three 
spans,  each  150  feet  long,  elevated  in  the  clear  29  feet  above  low- water.  The  chan- 
nel is  under  eithsr  thelett  or  the  central  span.  Oil  City,  on  the  right  bank,  begins  at 
this  bridge,  and  South  Oil  City  is  found  on  the  left  bank.  These  two  places  together 
have  a  population  of  about  8,000.  The  highest  recorded  flood  in  the  Allegheny  at  this 
point  occun-ed  in  March,  1865.  Our  levels  up  to  the  mark  show  that  the  river  rose 
on*  that  occasion  17^^  feet  above  the  low-water  mark.  This  is  only  1  foot  higher  than 
the  liver  is  reported  to  have  risen  at  Olean  in  1873.  The  channel  between  the  railroad 
bridge  and  the  Oil  City  bridge  is  nearest  to  the  left  bank,  leaving  a  low  bar,  once  an 
island,  on  the  right. 

Oil  City  Bridge,  124.8  miles  below  Olean. — This  bridge  crosses  the  lower  end  of  the  bar 
referred  to,  its  right  shore  abutment  being  about  200  feet  above  the  mouth  of  Oil 
Creek,  a  large  tributary  of  the  Allegheny  (oil  this  stream  are  the  towns  of  Petroleum 
Centre  and  Titusville).  The  length  of  the  bridge  is  1,100  feet,  divided  into  6  spans^  the 
longest  of  which  measures  200  fefJt.  The  height  in  the  clear  above  low- water  is  20 
feet.  Abont  900  feet  below,  the  river  is  croMed  by  a  snspensiQn  bridge  divided  .in 
three  spans,  the  longest  measnring  500  feet.  The  total  length  of  tibe  bridge  is  700  leet, 
and  it  is  elevated  in  the  clear  41  feet  above  low-water.  A  rocky  ripple  occurs  between 
the  railroad  and  the  suspension  bridges,  measuring  1,100  feet  in  length,  with  a  total 
descent  of  3.25  feet,  and  a  least  depth  of  1.8  fdet.  Two-thirds  of  a  ndle  below  the  sos- 
pension  bridge  a  lai^e  bar,  which  is  covered  at  a  4-foot  stege,  makes  off  fiom  the  left 
shore,  and  throws  the  channel  to  the  right.  It  is  nota  tronbiesomoplaoe.  Length  of 
ripple,  275  feet ;  descent,  1.16  feet ;  depth,  2  feet. 

Holliday^s  Bar,  126.9  miles  below  Ol^an.— Here  an  extensive  bar  2,200  feet  long,  covered 
at  a  4-foot  stage,  again  confines  the  river  to  the  right  shore,  llie  fipple  is  960  feet 
long  with  a  descent  of  8.66  feet,  atid  a  dept^  of  1.4  tost.  No  particiilear  diifioulA^  at 
this  point. 

Schaeffer's  Bar,  128.3  miles  below  Olean. — ^At  this  point  a  large  bar  on  the  rights  cov- 
ered at  a  4-foot  stage,  confines  the  river  to  a  width  of  150  fiset  close  to  the  left  bank. 
Through  this  chute  for  1,900  feet  the  cun^nt  is  strong,  the  desoent  bein^  3.25  fiset,  with 
a  least  depth  of  1  foot.  At  its  lower  end  there  are  a  namber  of  rocks  m  the  ohannel. 
The  river  is  shoal  for  i  mile  below  this  ripple,  with  a  least  depth  of  18  inches,  and  a 
considerable  current. 

Two-mile  Bun  Bar,  130  miles  below  Olean. — At  this  point  a  flat  bar,  1,100  fieet  long 
and  200  fSeet  wide,  covered  at  a  l^foot  stage,  confines  the  channel  to  the  left.  The 
depth  on  the  ripple  is  7  inches ;  length,  450  feet ;  descent,  2  feet.  Much  water  is  lost 
to  the  right  of  this  bar,  which  might  be  atilised  to  advantage  by  dosing  that  side  with 
a  wing-dam  400  feet  lone. 

2dcDoto6lVs  Islands,  13L4  miles  below  Olean. — These  two  once  made  a  continuous 
island,  but  at  some  time  prior  to  1^3  they  were  cut  through  neat  the  lower  end. 
Their  united  length  is  3.000  feet,  but  with  head  bar  and  connecting  bar  they  meaeure 
4,800  feet.  The  channel  is  down  the  left,  which  is  ^oal  throughout  the  entiie  chute. 
In  4,800  feet  the  river  descends  4.20  feet.  The  least  dej^h  in  the  channel  is  1  foot,  but 
it  is  generally  about  2  feet  deep. 

French  Creek,  Franklin,  132  tmles  hAmo  OUmn. — French  Creek  enteiv  from  the  right 
immediately  below  the  foot  of  McDowell's  lower  idand.    Hie  smrey  was  closed  at 
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this  point  October  21,  1879.  French  Creek  is  the  largest  tributary  of  the  Allegheny. 
It  heads  in  New  York,  and  drains  about  1,050  square  miles.  Conneaat  Lake,  on  one  of 
its  branches,  was  the  source  from  which  a  portion  of  the  water  supply  for  the  Pennsyl- 
yania  Erie  Canal  was  drawn.  It  is  a  noteworthy  fact  that  a  dam  raising  this  lake  only 
a  few  feet  enabled  its  waters  to  flow  into  a  canal  which  discharged  into  Lake  Erie. 
Franklin,  immediately  below  the  mouth  of  French  Creek,  has  a  population  of  6,500. 
•  •  «  «  «  «  » 

SYNOPSIS. 

The  190  ripples  average  617  feet  in  length  and  1.6  feet  in  descent.  Their  aggregate 
descent  is  304.77  feet,  which,  deducted  from  the  total  descent  of  the  river  between 
Olean  and  Franklin,  leaves  141.49  feet,  or  an  average  descent  of  1.07  feet  per  mile  for 
the  residue  of  the  river.    In  length  the  shoals  are  17  per  cent,  of  the  entire  distance. 

From  the  mouth  of  French  Creek  to  Pittsburgh,  l^i  miles,  there  are  seventy-five 
ripples,  the  total  descent  of  the  river  in  that  distance  being  261.7  feet. 

It  is  proper  for  me  to  add  that  for  much  of  the  substance  of  the  detailed  description 
of  thenver  above  Franklin  I  am  indebted  to  Mr.  John  B.  Dougherty,  assistant  engineer, 
who  conducted  the  survey  in  the  field.  Being  called  to  the  East  on  other  work,  ne  was 
unable  to  make  any  re^iar  report  himself,  but  left  his  notes  and  field  books  with  me. 

I  will  note  here  that  the  adopted  elevation  of  Oleaifwas  taken  from  the  late  geologi- 
cal report  of  Pennsylvania,  one  volume  of  which  is  devoted  to  tables  of  elevations  of 
various  railroad  points  witnin  the  State  and  on  its  borders.  Since  this  table  was  pre- 
pared I  have  received  the  elevations  adopted  by  the  canal  surveys  of  New  York,  from 
which  it  appears  that  our  elevation  at  Olean  is  14  feet  lower  than  theirs. 

Respectfully  submitted. 

Thomas  B.  Roberts, 

AsHstani  Engineer. 

Col.  Wm.  E.  Merrill, 

Major,  Corps  of  EngineerB,  U,  8,  A, 


X  4. 

HARBOR  OF  REFUGE  NEAR  CINCINNATI,  OHIO. 

At  the  close  of  the  fiscal  year  ending  Jane  30, 1879,  the  contract  for 
constructing  two  dikes  at  Four-Mile  Bar,  10  miles  above  the  public  land- 
fng  of  Cincinnati,  had  just  been  awarded  to  Mr.  John  J,  Shipman,  of 
Lewinsville,  Ya, 

During  the  last  fiscal  year  the  dike  on  the  Ohio  side  of  the  river  was 
extended  to  its  full  length  of  2,135  feet;  but  the  outer  end  was  not 
wholly  finished,  as  the  work  was  stx)pped  by  high  water.  At  the  close 
of  the  fiscal  year  the  condition  of  the  work  was  as  follows: 

The  Ohio  dike  was  completed  to  its  full  length,  except  that  the  stx)ne 
filling  had  not  been  smoothed  off,  and  that  from  one  to  two  courses  on 
top  of  the  outer  portion  of  the  back  wall,  together  with  the  correspond- 
ing back  braces  had  not  been  laid.  For  a  distance  of  516  feet  measured 
from  the  bank,  the  dike  had  been  wholly  finished.  This  latter  is  the  most 
important  part  of  the  work,  as  it  crosses  the  Ohio  chute,  the  former 
channel  in  dead  low- water.  A  small  amount  of  the  bank  protection  was 
also  umfinished. 

The  effect  of  this  dike  upon  the  low- water  channel  abreast  of  it  has 
been  excellent.  In  many  places  the  sand  and  gravel  carried  in  suspen- 
sion by  the  river  have  deposited  behind  the  dike  up  to  the  level  of  the 
back  wall,  and  the  interstices  between  the  stones  inside  the  cribs  are 
almost  wholly  filled.  Everything  gives  promise  of  a  strong  and  dura- 
ble work. 

As  there  was  no  ice  last  winter,  there  was  no  test  of  the  efficiency  of 
the  dike  for  holding  back  ice-floes. 

The  Kentucky  dike  had  been  located,  and  work  had  been  commenced 
on  the  bank  protection  at  its  root  when  the  fiscal  year  ended. 
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The  amount  of  the  original  appropriation  will  complete  these  dikes  to 
the  full  length  required  for  their  use  as  ice-holders.  The  Kentucky  dike 
should  be  extended  to  a  greater  length  than  is  necessary  for  this  pur- 
pose in  order  to  increase  its  efficiency  as  a  low- water  improvement.  This 
latter  use  is,  however,  foreign  to  the  purpose  for  which  this  special  ap- 
propriation was  made,  and  on  this  account  authority  has  been  granted 
to  make  the  extension  at  the  expense  of  the  general  appropriation  for 
improving  the  Ohio  River, . 

I  therefore  submit  no  estimate  for  any  further  appropriation  for  the 
harbor  of  refuge. 

It  may  be  proper  to  add  that,  owing  to  the  great  length  of  the  Four 
3Iile  Bar,  another  dike  will  probably  be  needed  to  complete  the  low- water 
improvement;  but  it  is  not  advisable  to  plan  this  dike  until  the  present 
dikes  have  had  an  opportunity  to  develop  their  full  effects  upon  the  bar. 

Money  statement. 

July  1,  1879,  amount  available..*. $49,878  07 

July  1,  1880,  amount  expended  during  fiscal  year $28, 401  46 

July  1,  1880,  outstanding  liabilities 173  18 

28,574  64 

July  1,  1880,  amount  available 21,303  43 


X5. 

ICE  HARBOR  AT  MOUTH  OF  MUSKINGUM  RIVER,  OHIO. 

The  river  and  harbor  act  approved  March  3, 1879,  contained  an  appro- 
priation of  $30,000  for  an  ice  harbor  at  the  month  of  the  Muskingum 
River,  Ohio. 

Various  legal  difficulties  intervened  to  prevent  early  action  under  this 
appropriation,  and  it  was  not  until  the  17th  of  November  that  I  was 
finally  notified  that  the  funds  were  available. 

As  the  amount  appropriated  was  less  than  one-seventh  of  the  esti- 
mated cost  of  the  work,  it  was  evidently  unadvisable  to  commence  con- 
struction. It  was  therefore  decided  to  advertise  for  the  delivery  of 
stone  for  the  lock. 

Bids  were  opened  on  the  23d  of  January,  1880,  with  the  following 
result: 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 


Bidders. 


Thomas  B.  Townsend. 

John  J.  Shipman 

Jackson,  Butin  &  Clough 

M.  J.  O'Connor 

Thomas  Cisler  &  Co 

Richardson,  Wheeler  St,  Monroe 

Moore,  O'Blonnis  &  Co 

David  Morgan 

Caius  M.  Cole 

DavidH.  Power 

Kelly  &  Haviland 

Jolly  &Hayno 

Fora&Tiemey 

RttGillespy 


Dimension  stone,  per  cnbio  yard. 


00 

S 

^ 

^ 

o 

o 

B^ 

.a 

00  bo 

IH 

^^2 

CI 

3 

B 

$3  00 
2  97 


3 
3 
4 
4 
4 
3 
5 
4 
5 
4 
7 
6 


15 
75 
09 
15 
80 
90 
00 
00 
25 
75 
00 
00 


$3  00 
3  24 
3  25 
3  90 
09 
15 
90 
90 
65 
00 
25 
25 
00 


\ 


4 

4 
4 
3 
4 
4 
5 
5 
7 
6  75 


-s. 

^  bO 


$3  00 
3  50 


30 
00 
09 
15 
20 
90 
65 
00 
25 
75 
00 
50 


00 

e 


3 


CI 


$3  00 


05 
35 
10 
50 
00 
50 
90 
25 
50 
25 

6  50 

7  00 
&»^ 


4 

3 
4 
4 
4 
5 
3 
5 
4 
5 
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$3  00 
^  44 
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3 
3 
4 
4 
5 
3 
4 
4 
5 
5 
7 
1 


26i 

931 

19i 

lOi 

10 

90 

88i 

12* 
25 
56^ 
00 

\^ 


$2  16^ 

2  25 

2  40 

2  75 

2  70 

3  40 

2  90 

3  75 

3  25 

4  00 

4  00 

4  25 

3  60 

k   ^^ 

^5fSS! 


eirato 


$32, 786  60 
35,650  00 
35,992  50 
42,237  50 
43,102  60 
48,442  50 
49,280  00 
50,250  00 
51, 087  50 
53,425  00 
59, 050  0« 
62,662  50 
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The  eo&troet  wae  aoQardingly  awarded  to  Mr.  Thotnas  Bb  Towi^end^ 
of  ZanesvUie^  Ohio. 

At  the  close  of  the  fiscal  year  549  cubic  jaxds  of  dimensioii  stone  and 
1.280  cubic  yanis  of  rubble  had  been  ddiveced  at  Marietta  under  the 
above  contract. 

vronjs:  Dxmma  1880-^81. 

The  river  and  harbor  act  approved  June  14, 1880,  ap]^ropriated  $50,000 
for  continuing  work  on  this  lock.  The  approved  project  contemplates 
doing  as  much  work  as  possible  on  that  part  of  the  lock  which  nes  in 
the  pool  abo%>e  the  dam,  leaving  the  latter  undisturbed. 

SSTIMATED  FOB  1881-^82. 

This  work  is  one  of  a  class  that  requiros  a  definite  sum  in  order  to 
secure  results  with  economy,  and  without  undue  risks. 

The  estimated  cost  of  the  lock  is  $216,400,  aod  I  would  strongly  urge 
the  importance  of  appropriating  at  once  the  sum  necessary  to  complete 
it.  Unless  work  can  be  carried  on  with  rapidity,  which  in  such  cases  is 
synonymous  with  economy,  it  will  be  impossible  to  complete  the  project 
within  the  estimates. 

I  therefore  estimate  for  the  next  fiscal  year  the  difference  between  the 
estimated  cost  of  the  lock  ($216,400)  and  the  amount  already  appropri- 
ated ($80,000),  or  $136,400. 

Money  statement 

Jnly  1,  1879,  amount  available $90,000  00 

Amoant  appropriated  by  act  approved  Jane  14,  1S80 50, 000  00 

$80, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 4, 457  29 

July  1,  1880,  outstanding  liabilitit-s 770  74 

5,228  03 

July  1,  1880,  amoant  available 74,771  97 

Ajnount  (estimated)  reouired  for  completion  of  existing  project 136,400  00 

Amoant  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882. .  136, 400  00 


X  6. 

examination  and  survey  for  ice  harbor  at  mouth  of  little 

kanawha  river,  west  virginia. 

United  States  Engineer  Office, 

Cincinnati^  Ohio^  January  30, 1880. 
General:  The  river  and  harbor  act  approved  March  3,  1879,  di- 
rected an  examination  and  survey  at  the  mouth  of  the  Little  E^nawha 
Eiver,  in  order  to  ascertain  the  adaptability  of  that  locaKty  to  an  ice 
harbor.    The  clause  ordering  this  survey  reads  as  follows  : 

Ohio  River  and  mouth  of  Little  Kanawha  River,  West  Virginia :  To  ascertain  the 
adaptability  of  that  locality  for  an  ice  harbor,  including  a  report  on  the  cost  and 
merit  of  that  point  compared  with  the  mouth  of  the  Muskingum  at  Marietta,  Ohio, 
surveyed  under  the  provisions  of  the  act  of  June  18, 1878. 


r 
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Tkis  Biu'vey  aud  examiiifttioii  liaviug  been  iisiiigned  to  tue,  I  liave  the 
honor  to  submit  the  following  report : 

The  Little  Eanawha  River  rieetg  ia  Upshur  Couut>',  West  VJrgiuia, 
very  near  the  center  of  the  State,  and  flows  northwesterly  uiitil  it  joins 
the  Ohio  at  Paakeraburg. 

The  desire  of  the  citizens  of  Parkersburg,  at  whose  inatauce  this  sar- 
vey  has  been  ordered,  is  to  utilize  the  month  of  the  Little  Kauawha 
as  a  harlK>r  of  refuge  against  ice  in  the  Ohio.  They  assert  that  aince 
the  construction  in  ISOS  of  looks  and  dams  on  the  Little  Kauawhn,  the 
3i  miles  between  its  mouth  and  the  lower  dam  has  become  a  perfectly 
safe  ice  harbor,  and  that  it  only  needs  a  small  exi>enditnre  to  be  made 
comjilete.  That  slaekwater  dams  will  protect  from  ice  is  the  usual  ex- 
perience on  all  rivers  thathave  been  thus  improved,  audi  have  no  donbt 
that  the  statement  as  to  the  resvlt  on  the  Little  £a,uawha  is  strictly 
oorrect.  There  are  others  who  go  even  further  aud  state  that  no  boat 
was  ever  ii^jured  while  wintering  in  the  mouth  of  the  Little  Kanawha, 
lu  Appendix  A  will  be  found  a  number  of  ailitlavits  as  to  the  safety  of 
the  Little  Kauawa  in  ice  floods. 

The  following  table  gives  the  widths  and  depthtt  in  the  month  of  the 
Little  Kauawha  within  the  limits  of  the  survey : 


ii 

Attlmeof  mivey 

At  hnr-Hitor  (0  on 

1 

1 

i 

I 

HOO 

Fe,t. 
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Stow 

FkI. 
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m 

330 

^,.. 

••   B 

*  Obfltmct«4l  bj  re 


Id  pier. 


This  shows  that  the  river  is  undoubtedly  nairower  than  is  desirable 
for  the  handling  of  fleets,  but  that  there  is  a  sufUcient  depth  of  watra* 
except  in  very  low  stages.  The  river  is  usually  low  when  it  freezes  over, 
but  the  dead  low  stage  occurs  in  the  fall  months,  aud  there  is  always  an 
increase  in  depth  before  winter  sets  in. 

The  remains  of  the  middle  pier  of  the  old  bridge  are  an  obstruction 
that  must  be  removed  before  this  harbor  can  be  fully  utilized.  The 
croBS-SBCtion  at  the  site  of  the  bridge  shows  very  clearly  how  great  an 
obstruction  it  is.  The  top  was  somewhat  lowered  duriug  the  fall  just 
past,  but  more  work  must  be  done  before  access  to  the  river  above  the 
bridge  can  be  considered  as  entirely  safe  in  low-water.  It  is  evident 
also  that  the  river  is  too  narrow  to  permit  a  coal  fleet  to  be  turned 
around.  Any  fleet  entering  this  harbor  must  be  untied  and  reformed, 
or  it  must  be  backed  out. 

The  chief  obstruction  to  the  present  use  of  the  mouth  of  the  Little 
Kauawha  is  the  lack  of  height  of  the  bridge  that  spans  it  ^  of  a  mile 
above  the  mouth.  The  bottom  of  this  bridge  at  its  middle  is  42  feet  8 
inches  above  the  zero  of  the  gauge,  and  as  the  highest  recorded  high- 
water  (that  of  April,  1852)  reads  60.14  on  the  gauge,  it  is  evident  that 
the  bridge  is  ISJ  feet  below  high- water.  WhUe  it  is  a  reasonable  answer 
that  such  a  flood  is  exceptional,  it  is  nevertheless  plain  that  a  bridge 
which  is  only  at  the  level  of  ordinary  high-water  cannot  liave  any  spare 
space  under  it  for  steamboats  at  any  stage.  That  this  is  the  fact'l  can 
testify  from  my  own  experience,  as  I  once  tiied  to  take  the  U.  S.  saasd 
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boat  B.  A.  Woodruff  up  the  Little  Kanawha  in  ordinary  low-water,  but 
could  not  get  her  under  this  bridge,  although  the  Woodrufi  is  not  a  high 
boat.  The  difficulty  was  not  with  the  chimneys,  which  can  be  lowered, 
but  with  the  pilot-house. 

It  is  evident  that  if  the  mouth  of  the  Little  Kanawha  is  to  be  fully 
utilized  as  a  harbor  of  refuge  for  Ohio  Eiver  boats,  the  bridge  over  this 
river  ought  to  give  as  much  head  room  under  it  as  is  given  by  the  Ohio 
Eiver  bridges  in  the  neighborhood. 

As  a  rule,  boats  only  seek  such  harbors  during  low  or  moderate  stages, 
but  as  ice  always  goes  out  on  a  rising  river,  boats  that  ventured  in  and 
passed  above  the  bridge  might  be  unable  to  return  until  long  after  the 
ice  had  departed. 

There  are  three  ways  of  remedying  this  objection : 

1.  The  government  might  buy  and  destroy  the  bridge. 

This  alternative,  however,  is  a  very  objectionable  one,  as  the  bridge 
is  a  needed  public  improvement,  and  its  total  destruction  would  be  a 
step  backwards.  There  are  a  number  of  refineries  and  other  industrial 
establishments  on  the  west  side  of  the  river  that  need  close  communica- 
tion with  Parkersburg,  besides  the  necessity  of  providing  an  easy  inlet 
from  the  surrounding  country.  I  am  informed  unofficially  that  the 
bridge  company  will  sell  outright  for  $32,500. 

2.  The  bridge  might  be  turned  into  a  draw-bridge. 

This  alternative  is  also  highly  objectionable,  as  it  would  necessitate 
the  reconstruction  of  the  central  pier,  whose  foundations  are  now  a 
serious  obstruction.  The  objection  would  not  be  so  great  if  the  basin 
above  the  bridge  were  so  commodious  and  afforded  so  excellent  a  harbor 
as  to  justify  a  considerable  outlay  of  time  and  trouble  in  order  to  reach 
it.  Unfortunately,  the  mouth  of  the  Little  Kanawha  is  contracted,  and 
therefore,  if  it  is  to  be  utilized  at  all,  access  to  it  must  be  perfectly  free. 
I  cannot  therefore  recommend  that  the  present  narrow  channel  be 
reduced  by  a  large  pivot  pier,  and  that  the  present  single  span,  that 
covers  the  whole  width  of  the  river,  be  changed  into  two  short  revolving 
spans.  The  width  at  the  site  of  the  bridge  was  only  230  feet  at  the  time 
of  the  survey,  when  the  gauge-reading  was  a  little  less  than  6  feet ;  and 
if  30  feet  of  this  were  taken  up  by  a  pivot  pier,  it  would  leave  only  100 
feet  on  each  side  for  navigation.  As  this  is  precisely  the  width  of  an 
ordinary  coal  fleet  four  barges  wide,  it  evidently  leaves  no  margin  for 
leeway,  and  is  insufficient. 

The  bridge  company  is  willing  to  permit  this  change  to  be  made  at 
the  expense  of  the  United  States,  provided  the  latter  will  pay  the  bridge 
company  $400  per  month  for  the  time  in  excess  of  90  days  that  travel 
on  the  bridge  is  stopped.  Their  letter  to  this  effect  is  annexed  as  Ap- 
pendix B. 

The  cost  of  transforming  this  bridge  into  a  draw-bridge  is  estimated 
at  $30,000,  it  being  assumed  that  the  transformation  can  be  made  with- 
out incurring  the  penalty  mentioned  above. 

3.  The  bridge  might  be  raised  to  a  sufficient  height  to  allow  boats  to 
pass  under  at  all  stages. 

As  this  change  is  to  benefit  steamboats  that  navigate  the  Ohio,  it 
ought  to  conform  to  the  rules  that  regulate  the  heights  of  bridges  on 
that  river.  The  act  of  Congress  regulating  bridges  over  the  Ohio  Eiver 
above  the  mouth  of  the  Big  Sandy  prescribes  that  they  shall  be  90  feet 
above  low- water,  and  the  bridge  at  Parkersburg  conforms  to  this  law. 
This,  therefore,  is  the  height  to  which  the  highway  bridge  over  the  Little 
Kanawha  ought  to  be  raised.    As  this  bridge  is  now  only  42  feet  8  inches 
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above  low- water,  it  will  require  an  additional  height  of  47  feet  4  inches 
in  order  to  be  on  a  level  with  the  Parkersburg  bridge  over  the  Ohio. 

Local  circumstances  are  auch  that  the  utility  of  the  bridge  would  be 
destroyed  if  it  were  raised  to  this  height.  I  therefore  caused  estimates 
to  be  made  on  an  assumed  raising  of  32  feet.  The  survey  and  estimates 
were  made  by  Mr.  W.  E.  Strong,  assistant  engineer,  and  are  as  follows: 

Hudson,  Orao,  Jamiary  9,  1879. 

Sir:  I  have  the  houor  to  submit  the  followinfi;  report  of  a  plan  for  raising  the  wagon 
bridf^e  near  the  mouth  of  the  Little  Kanawha  River,  at  Parkersburg,  W.  Va. 

It  18  proposed  to  rifcise  the  bridce  32  feet.  The  estimate  already  submitted  of  the 
cost  of  doing  this  is  based  upon  the  following  plan  of  operations  (A) : 

1st.  The  erection  of  false  work  and  removal  of  bridge  from  its  present  position. 

9d.  The  entire  removal  of  both  abutments. 

This  course  is  retiuired  on  account  of  their  imperfections  and  improjMjr  construction. 

The  west  abutment  is  badly  cracked,  and  although  strengthened  by  iron  bands  and 
tie-rods,  is  hardly  secure  as  a  support  for  the  bridge  at  its  present  grade. 

The  east  abutment  is  apparently  in  good  condition,  but  the  substantial  portion  of 
it  is  a  mere  shell.  The  entire  backing  was,  according  to  the  specificatious  in  the  hands 
of  the  secretary  of  the  Little  Kanawha  Bridge  Company,  laid  up  dry. 

The  cost  of  the  removal  of  the  old  abutment  is  not  included  iu  this  estimate,  because 
it  is  assumed  as  being  equivalent  trO  that  of  quarrying  the  same  amount  of  stone,  with 
a  decided  advantage  in  respect  to  haul. 

3d.  Building  piers  to  the  height  required  for  the  new  grade. 

As  now  constructed,  the  west  end  of  the  bridge  is  3.7  feet  higher  than  the  east  end, 
and  the  same  relative  height  has  been  preserved  in  this  plan,  for  the  reason  that 
thereby  the  long  approach  on  the  east  side  is  made  some  92  feet  shorter,  and  a  consid- 
erable saving  enected  in  length  of  trestle-posts,  assuming  the  same  grade  as  in  the 
plan  adopted. 

The  assumed  section  of  the  tops  of  the  piers  is  6  by  28  feet,  and  the  height  from  top 
of  foundations  72  feet.  The  batter  is  1  inch  per  foot ;  this  gives  the  area  of  base  18  by 
40  feet. 

A  careful  computation  of  all  strains  to  which  the  piers  can  be  subjected  indicates 
ample  stability  in  one  of  the  above  dimensions. 

4th.  The  reerection  of  false  work  and  replacing  the  bridge  iu  position. 

I  have  included  the  cost  of  first  putting  up  false  work,  removing  the  bridge  from  its 
present  position,  again  erecting  false  work,  and  again  replacing  bridge  in  one  lump 
sum,  based  upon  a  bill  of  timber  required  for  the  false  work  and  an  estimate  of  the 
cost  of  the  work,  made  by  Mr.  G.  W.  Talley,  the  carpenter  who  raised  the  bridge  when 
first  built,  viz,  $4,000. 

5th.  The  construction  of  approaches  to  each  end  of  the  bridge. 

The  approach  on  the  east  side  is  to  extend  a  distance  of.  650  feet  up  Market  street, 
Parkersburg. 

The  approach  on  the  west  side  is  to  extend  260  feet  to  the  bluff.    That  on  the  east 
side  is  to  descend  with  a  grade  of  4  feet  in  100,  which  will  just  about  give  under  pas 
sage  at  Neal-street  crossing. 

On  the  west  side  the  ^rade  descends  5  feet  iu  100,  which  hring  the  roadway  to  the 
ground  at  a  suitable  point  to  meet  a  new  road  pro]^osed  to  be  built  by  Wood  County. 

As  these  grades  are  within  the  limits  of  good  engineering  practice  for  highways,  the 
only  objections  that  can  exist  to  them  are  those  of  a  natare  connected  with  the  construe 
tion  and  stability  of  the  work. 

One  objection  to  them  grows  out  of  the  horizontal  strains  that  must  be  resisted  by 
the  piers.  Those  acting  on  the  large  piers,  as  has  been  already  stated,  are  not  sum- 
cient  to  endanger  their  stability. 

In  order  to  relieve  the  iron  trestles  in  the  east  approach  from  this  horizontal  strain, 
it  is  proposed  to  make  the  spans  continuous  each  way  frt)m  the  ends  of  the  approach 
toward  the  center,  to  fix  them  at  the  extreme  ends,  one  to  the  masonry  pier  and  the 
other  to  the  abutment  at  the  lower  end  of  the  approach,  and  to  leave  them  free  to  ex- 
pand and  contract  at  the  middle  of  the  approach,  being  divided  there.  In  this  way  I 
think  that  all  objections  on  account  of  grades  may  be  overcome. 

Plan  and  estimate  A  suppose  the  approaches  built  of  65-foot  spans,  supported  on 
iron  trestles  of  two  groups  of  PhcBnix  columns,  four  in  a  group,  oraced  together  at 
intervals  of  from  6  to  10  feet. 

The  trusses  are  of  the  Murphy-Whipple  plan,  6  feet  6  inches  between  axes  of  chordsi 
and  the  same  distance  ibr  the  panels.  The  floor-beams  are  I  section,  28  feet  long,  |»ro- 
jecting  4>fdet  at  each  end  outside  of  the  axes  of  the  trusses  in  order  to  support  a  side- 
walk. They  are  trussed.  They  tkiao  act  as  stmts  for  the  lateral  bracing,  and  are  sub- 
pended  under  the  posts.    The  ties  for  the  lateral  bracing  have  a  run  of  three  panels. 

113  E 
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There  is  an  iron  hand-rail  on  iron  I-section  posts  for  the  sidewalks. 

The  flooring  is  to  be  of  2-inch  oak  plank  laid  obliqnely,  supported  on  white  pine 
longitudinals  3  by  10  inches,  and  30  inches  between  centers. 

Tne  iron  trestles  have  a  system  of  transverse  bracing  extending  down  0  feet  from 
the  caps.  The  lower  portion  is  left  open  to  accommodate  traffic.  The  bases  of  the 
colunms  in  a  ^oup  are  bolted  to  a  bed-plate  of  wrought  iron,  which  in  turn  is  either 
bolted  to  a  pier  of  masonry  or  to  a  cast-iron  anchor  sunk  in  a  pit  and  fill^  in  and 
around  with  concrete  and  stone. 

The  tops  of  the  columns  are  connected  in  a  similar  way  to  a  plate  that  acts  as  a 
bridge-seat,  and  all  have  expansion  rollers. 

The  strains  in  the  upper  set  of  five  spans  resulting  from  the  horizontal  components 
of  their  weight  will  be  tensile,  while  those  in  the  lower  five  spans  will  be  compressive. 
For  the  purposes  of  estimate,  these  neutralize  each  other. 

Estimate  B  is  based  upon  the  modification  of  A,  which  consists  in  substituting  short 
spans  of  16^  feet  for  all  but  four  of  the  65-foot  spans,  viz :  one  on  side  adjoining  west 
pier,  two  on  east  side  adjoining  east  pier  and  extending  over  Kanawha  street,  and 
one  at  crossing  of  Neal  street. 

The  tracing  for  plan  B  shows  sufficiently  the  constrMction  of  the  short  spans.  Their 
advantages  over  the  long  spans  consist  in  less  cost  of,  construction  and  greater  lonjri- 
tudinal  rigidity,  while  they  possess  the  disadvantage  of  interfering  more  with  t^amc. 

This  report  is  accompanied  by  tracings  marked  A  and  B,  and  corresponding  with 
the  estimates  A  and  B,  which  give  plan  and  elevation  of  bridge  and  certain  sections 
and  details. 

Respectfully  submitted. 
Your  obedient  servant, 

Wm.  E.  Strong^ 
Assistant  Enfftneer. 

Col.  Wm.  £.  Merrill, 

Major f  Corps  of  Engineers,  XT,  S,  A. 
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Estimate  A  of  cost  of  raising  wagon  bridge  near  mouth  of  Little  Kanawha  Biver,  Parkers- 
burg,  W.  Va.,  32  feet,  and  of  approaches. 


Qaantitiea. 

1,100  cnbiif  yards 

517  oubio  yards 

2,226  cubic  yards 

88.4  cubic  yards 

00,088  pounds 

345,145  pounds 

64,685  pounds 

5,760  pounds 

40,140  feet,  board  measure 
26,844  feet,  board  measure 


Foundation  excavation j    $0  30 

Kough  asbler  masonry 6  00 

8 uarry-faced  masonry I      8  00 
ut-stone  masonry j    10  00 

Wrought  iron  in  nestles \         08 

Wrought  iron  in  14  spans  (65'  each) i         10 

Cast  iron  in  14  spans  (OS' each) |         05 

Cast  iron  in  trestles ,         05 

White-oak  flooring j         015 

White-pine  joists 02 

False  work,  removing  and  replacing  300-foot  span I 

Damages  to  property,  south  side ! 

Engineering  ana  contingencies,  about  7  per  cent 

I - 

I 


$333  00 

3, 102  00 

17, 808  00 

384  00 

7,207  04 

34, 614  50 

3,229  26 

288  00 

737  10 

536  88 

4,000  00 

2,000  00 

5,860  23 


80,000  00 


Estimate  B,  being  a  modification  of  estimate  A,  caused  by  sitbstiiuting  shorter  spans  in  the 

approaches. 


(Quantities. 


Description  of  work. 


1,140  cubic  yards 

129  cubic  yards 

466  cubic  yards 

2, 226  cubic  yards 

26.1  cubic  yards 

98,613  pounds 

37,087  pounds 

97,654  pounds 

18,450  pounds j 

2,057  pounds ' 

80,980  pounds | 

49,140  feet,  board  measure. . 
44,833  feet,  board  measure. . 


Foundation  excavation 

Concrete  and  stone  filling  for  anchors 

Bough  ashler  masonry 

8 uarry-faced  masonry 
ut-stone  masonry 

Wrought  iron  in  4  spans  of  65  feet 

Wrought  iron  in  trestles  for  4  spans  of  65  feet. 

Wrought  iron  in  trestles,  38  short  spans 

Cast  iron  in  4  spans  of  65  feet 

Cast  iron  in  trestles  for  4  spans  of  65  feet 

Cast  iron  in  trestles,  38  short  spans 

White-oak  flooring 

White-pine  Joists  and  rails 

Falsework,  &c 

Damages,  south  side    

Engineering  and  contingencies 


Price. 


$0  30 


6 
6 


00 
00 


8  00 
10  00 
10 
08 
08 
05 
05 
05 
.015 
02 


Amonntb 


$343  80 

774  00 

2,796  00 

17, 808  00 

261  00 

9,861  80 

2,966  96 

7,812  88 

922  50 

102  85 

1,549  00 

737  10 

896  66 

4,000  00 

2,000  00 

7, 160  00 


60,000  00 


The  bridge  company  refuses  its  consent  to  the  raising  of  their  bridge. 
Their  statement  to  this  effect  is  annexed  as  Appendix  0. 

It  will  be  seen  from  Captain  Chancellor's  letter  (Appendix  D)  that  the 
mouth  of  the  Little  Kanawha  is  frequently  obstructed  by  masses  of  Ohio 
Eiver  ice,  thus  preventing  ingress  or  egress.  This  action  is  less  marked 
now  than  formerly,  on  account  of  the  effect  of  the  piers  of  the  Parkers- 
burg  bridge  in  breaking  up  the  large  fields.  It  has  been  suggested  that 
if  a  few  timber  and  stone  ice  breakers  were  placed  below  the  bridge, 
on  the  West  Virginia  side  of  the  channel  and  opx)osite  the  centers  of 
the  side  spans,  these  auxiliary  piers  would  still  further  break  up  the 
masses  of  floating  ice  and  help  to  prevent  any  gorging  across  the  mouth 
of  the  Little  Kanawha. 

The  idea  is  a  good  one,  and  I  think  that  it  is  worth  trying.  The  ex- 
pense will  be  small,  and  if  any  injurious  result  should  follow,  the  ice 
breakers  can  be  torn  up  without  extra  cost  by  the  government  snag- 
boat. 

I  would  propose  two  piers,  composed  of  wooden  cribs  fiUed  with  rip- 
rap,  and  similar  in  construction  to  those  used  on  the  Ohio  and  Monon- 
gahela  rivers  for  the  protection  of  coal-barges.  They  should  be  placed 
opposite  the  middle  point^s  of  the  two  short  spans  that  adjoin  the  chan- 
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Bel  spans  on  the  soiath,  and  at  a  distance  below  the  bridge  of  from  1^ 
to  200  feet,  the  exact  distance  to  be  determined  when  work  is  begnn. 
From  the  action  of  these  piers  we  can  judge  the  advisability  of  building 
more  or  of  removing  these. 

I  would  recommend  that  they  be  built  to  a  height  of  30  feet  above 
low- water,  and  they  be  so  arranged  as  to  admit  of  raising  if  additional 
height  should  prove  advisable.  If  we  follow  the  experience  acquired 
elsewhere  in  similar  piers,  we  will  give  these  a  width  of  22  feet  and  a 
base  of  56  feet.  The  up-stream  end  should  be  a  smooth  inclined  plane 
with  an  angle  to  the  horizon  of  45^.  The  rest  of  the  crib  can  be  buOt 
log-house  fashion,  but  no  ends  of  timbers  should  project  from  the  sides. 

The  estimated  cost  of  one  of  these  piers,  including  engineering  and 
contingencies,  is  $3,000.    The  two  would  therefore  cost  $6,000. 

SUMMARY. 

The  work  therefore  that  is  needed  to  utilize  the  mouth  of  the  Little 
EBnawha  as  a  harbor  of  refuge  is  as  follows : 

1.  To  raise  the  highway  bridge  on  the  Little  Kanawha  32  feet. 

2.  To  remove  the  remains  of  the  old  center  pier  of  this  bridge. 

3.  To  build  two  i(5e-breakers  below  the  railroad  bridge  across  the  Ohio. 
The  first  object  cannot  be  accomplished  without  buying  out  the  bridge 

company,  which  I  consider  unadvisable. 

Tlie  second  object  should  be  attained  by  the  bridge  company  at  their 
own  expense.  They  have  left  in  the  river  an  obstacle  to  free  navigation 
"Which  they  should  be  compelled  to  remove.  The  law  would  probably 
hold  them  responsible  for  any  damages  caused  by  this  obstruction,  but 
the  removal  of  the  obstacle  is  more  important  to  navigation  than  a  pos- 
sible mulcting  of  the  bridge  company. 

The  thifd  object  can  be  attained  by  the  United  States  at  the  moderate 
cost  of  $6,000.     I  think  that  it  is  worth  the  trial. 

The  clause  in  the  river  and  harbor  act  under  which  this  report  is 
made  orders  k  comparison  between  the  cost  and  merit  of  an  ice  harbor 
in  the  mouth  of  the  Little  Kanawha  and  one  in  the  mouth  of  the.  Mus- 
kingum. In  another  part  of  the  same  act  the  Muskingum  ice  harbor  is 
formally  adopted  by  the  appropriation  of  $30,000  to  commence  work. 
Under  this  appropriation  a  contract  has  been  made  for  the  delivery  of 
the  necessary  stone. 

Under  these  circumstances  the  only  question  left  unsettled  is  whether, 
in  view  of  the  adoption  of  the  Muskingum  ice  harbor,  it  is  advisable  to 
spend  any  money  at  the  mouth  of  the  Little  Kanawha. 

I  would  reply  that  the  amount  recommended  is  very  small^  and  as  the 
localities  are  12^  miles  apart,  a  boat  might  be  able  to  seek  a  refrige  in 
the  Little  Kanawha  that  could  not  get  to  Marietta.  I  therefore  think 
that  the  work  at  the  mouth  of  the  Muskingum  need  not  preclude  that 
4t  the  mouth  of  the  Little  Kanawha.  There  is  no  danger  that  the  navi- 
gation of  the  Ohio  will  ever  be  made  too  safe. 

This  report  is  accompanied  by  a  map  of  the  locality  and  by  a  tracing 
showing  the  plan  proposed  for  raising  the  bridge  over  the  Little  Ka- 
nawha. 

RespectfuUy  submitted. 

Wm.  B,  Merrill, 

^tffor  of  Sngineera.   . 
General  H.  &.  Wright, 

Chief  of  EngineerSj  U.  S.A. 
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APPEIiDIX  A. 
AFFIDAVITS  AS  TO  THB  SAFETY  OF  THE  LITTLE  KANAWHA  RIVER  IN  ICE  FLOODS. 

I. 

This  may  certify  Hiat  I  have  been  a  resident  of  Parkersbnrg,  W.  Ya.,  f^  over  fiftiir 

5 ears,  and  have  been  engaged  in  the  wharf-boat  bnsineas  at  the  mouth  of  the  LiUiU 
[anawha  River  for  the  last  thirty  years,  and  during  that  time  there  has  been  more  w 
less  number  of  steamboats  put  into  the  mouth  of  said  stream  for  winter  quarters,  ^oSH 
no  steamer  has  ever  received  the  slightest  injury  from,  ice  whilst  in  this  harbor. 

I  will  further  state  that  I  consider  it,  since  the  erection  of  the  dam  about  four  miXM 
above  the  mouth,  as  the  safest  ice  harbor  on  the  Ohio  River. 

Leonard  Cross. 
Subscribed  before  me  this  18tfa  day  of  December,  1879. 

E.  P.  Chancellor, 

Notary  Public, 

2. 

This  may  certify  that  the  undersigned  have  been  residents  of  Parkersbnrg  for  the 
last  sixty  years,  and  during  that  time  no  steamboat,  harbored  in  the  mouth  or  at  any 
point  on  the  Little  Kanawna,  has  ever  been  damaged  by  ice  to  our  knowledge :  and 
we  further  certify  that  we  believe  the  Little  Kanawha  the  best  natural  harbor  (oeing 
deep)  on  the  Ohio  River. 

H.   LOGAK. 

Wm.  Looan. 
Law.  p.  Neal. 
S.  N.  Neal. 
Geo.  B.  Neal. 

Subscribed  before  me  this  18th  day  of  December,  1879. 

£.  P.  Chancellor, 

Notary  PubUo, 


Appendix  B. 

resolution  OF  the  little  KANAWHA  BRIDGE  COMPANY. 

• 

At  a  meeting  of  the  stockholders  of  the  Little  Elanawha  Bridge  Companv,  oaUo^ 
by  the  president  and  directors  thereof,  and  held  at  the  office  of  Dr.  A.  G.  ulark,  in  tlui 
city  of  Parkersbnrg.  W.  Ya..  in  pursuance  of  a  public  notice,  on  Wednesday,  the  ^st 
day  of  December,  ^879,  at  10  o'clock  a.  m. 

Fresent,  a  majontv  of  stockholders  of  said  company,  representing  a  nu^ority  of  thd 
capital  stock  thereoL  and  a  minority  of  the  votes  of  the  said  company. 

The  president  of  the  board  of  directors  explained  the  object  of  the  meeting,  an^y 
on  motion  of  Dr.  A.  G.  Clark,  the  Hon.  Georffe  Loomis  was  called  to  the  chair. 

On  motion  of  WiUiam  M.  Evans,  seconded  by  fienry  Logan,  it  was  nnanimouaty 

^^Beaolvedf  That  in  contemplation  of  the  proposition  for  the  construction  of  an  lA 
harbor  in  the  Little  Kanawha  River  by  the  United  States,  and  in  view  of  the  fact,  m 
the  construction  of  such  ice  harbor,  it  will  be  necessary  to  alter  the  present  bridge  of 
this  company  across  the  said  river  at  the  city  of  Parkersborg  by  makins  the  same  i 
qtaw-bridge,  this  company  hereby  gives  its  consent  to  such  alterations  on  tne  following 
ccmditions : 

''  If  the  crossing  of  the  said  bridge  shall  not  be  interrupted  more  than  ninety  di 
tjien  this  company  will  require  no  consideration  as  compensation  for  the  said  bii 
daring  such  ninety  days ;  but  if  such  crossing  shall  be  interrupted  more  than  ninel 
days,  then  this  company  to  be  paid  ($400)  four  hundred  dollars  per  month  for  the-tin 
the  crossing  of  the  sai^  bridge  shall  be  so  interrupted  beyond  such  ninety  days." 

A  copy  fi^m  the  minutes  under  the  seal  of  said  oridge  company  by  its  secretary. 

[SEAL.]  S.  C.  Shaw, 

Secretary  f  fo. 
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Appendix  C. 
uttle  kanawha  bridge  company  to  major  w.  e.  merrillj  corps  of  engineers. 

Parkersburg,  W.  Va.,  January  9,  1880. 

Sir  :  In  reply  to  yonr  letter  of  the  Sth  instant  I  have  the  honor  to  inform  yon  that 
at  a  called  meeting  of  the  stockholders  of  the  company  held  on  the  Slst  ultimo,  the 
question  of  panting  permission  to  the  United  States  Government  **  to  raise  their 
bridge,  continuing  it  in  its  present  form,  was  discussed  at  length  and  met  with  insur- 
mountdble  oppontiatiy  the  main  objection  being  the  damage  that  would  result  to  private 
property  of  our  citizens,  esx>eciaUy  that  on  Market  street,  by  reason  of  the  elevated 
approach  which  would  be  necessitated  by  the  chang'e.  The  only  proposition  which  0 
did  obtain  their  willing  consent  was  the  one  embodied  in  the  resolutions  of  which,  by 
order  of  the  meeting,  you  wera  furnished  an  official  copy,  viz,  that  of  changing  the 
present  into  a  draw-bridge. 

Very  respectfully,  your  obedient  servant, 

V.  Vrooman, 
President  Little  Kanawha  Bridge  Company. 
Col.  W.  E.  Merrill, 

&ajor  Corps  of  Engineers,  U.  S.  A. 
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CAPTAIN  E.   p.   chancellor    TO  MAJOR  W.   E.   MERRILL,   CORPS  OP  ENGINEERS. 

Parkersburg,  December  13,  1879. 

Dear  Sir:  In  compliance  with  a  promise  made  some  time  ago,  although  a  little  late,. 
I  write  in  the  interest  of  steamboat  owners,  river  men,  and  shippers  on  the  Upper 
Ohio,  with  the  view  of  calling  your  attention  to  the  necessity  of  an  ice  harbor  and  its 
smali  cost,  at  the  mouth  of  the  Little  Kanawha  River.  This  is  probably  the  most 
remarkable  stream  emptying  into  the  Ohio,  as  it  is  the  only  one  of  any  size  on  the 
Upper  Ohio  which  has  deep  water  at  all  times  at  its  mouth,  and  which  maintains  this 
depth  for  4  miles  to  the  first  dam,  giving  mooring  for  boats  for  8  miles  on  the  two 
siaee  of  this  harbor.  This  dam  spoken  of  is  14  feet  high,  and  breaks  the  ice  as  it  passes 
over,  and  renders  it  harmless  to  boats  below  it.  The  only  trouble  ever  experienced, 
heretofore,  in'a  general  break  up,  has  been  in  the  Ohio;  ice  in  large  cakes  stopping 
the  mouth  of  the  Kanawha,  and  gorging.  This  difficulty  has  been  obviated  to  some 
extent  by  the  building  of  the  great  railroad  piers,  about  half  a  mile  above  in  the  Ohio. 
By  the  erection  of  three  additional  piers  between  the  bridge  piers  on  the  Virginia 
side  it  would  entirely  protect  the  Kanawha  from  gorging,  and  render  the  harbor  ab- 
solutely safe.  These  piers  would  have  a  tendency  to  stop  the  ice  early  at  this  point, 
and  allow  the  ice  below  to  flow  out  and  give  open  navigation  throagh  the  winter  to 
all  points  below,  and  give  boats  below  an  opportunity  of  making  the  harbor  of  sidTety 
before  the  terrible  break  up  from  above  should  occur. 

It  would  be  necessary  to  raise  the  bridge  now  spanning  the  Kanawha  River,  say  30 
or  35  feet,  to  give  ample  room  for  boats  to  go  under  at  any  stage  of  water.  This  would 
be  better,  if  not  cheaper,  than  a  draw-bridge,  and  would  not  necessitate  the  erection 
of  piers  which  would  obstnict  navigation.  The  Kanawha  heads  south,  and  does  not 
freeze  up  so  early  nor  so  heavy,  and  it  disappears  much  earlier  than  ice  hx  the  Ohio  or 
streams  heading  north.  There  have  been  more  or  less  steamboats  laid  up  for  ice  in 
the  mouth  of  this  river  for  the  last  forty  years,  or  since  the  invention  of  steamboats, 
and  not  one  has  ever  received  the  slightest  injury.  This  proves  its  absolute  safety  as 
a  harbor  for  the  protection  of  boats  nom.  the  destructive  ice  floes  which  occur  almost 
every  winter  in  tne  Ohio  River. 

The  cost  of  these  improvements  would  be  very  little  indeed  compared  to  the  great 
benefit  which  would  ensue  to  the  commerce  to  the  Ohio  Valley.  Every  facility  wUl 
be  oflered  by  the  citizens  of  Parkersburg,  the  bridge  company,  and  others  whose  in- 
terest may  in  any  way  connect  them  with  the  improvement.  The  Little  Kanawha 
has  lately  become  a  navigable  stream  of  the  Unite<l  States,  as  also  a  post-route,  I  be- 
lieve, and  the  bridge  over  it  should  be  raised,  as  it  is  now  an  obstruction.  This  would 
be  at  least  half  the  cost  of  the  improvement. 

Traffic  has  very  much  increased  on  the  Kanawha  since  the  slackwater  has  been 
completed,  and  several  steamers  are  engaged  in  transportation  and  towing  on  it. 

In  conclusion  I  may  say  that  the  Little  Kanawha  is  the  best  natural  harbor  on  the 
Ohio  River.    The  expenditure  to  perfect  it  has  four-fifths  been  made  in  the  building 
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of  the  dam  before  uieiitioued  and  the  erection  of  the  biidge  piers  in  the  Ohio,  and  I 
feel  well  assured  if  the  matter  is  understood  by  Congress  there  will  be  no  hesitation  in 
jn'anting  the  necessary  funds  to  complete  it.  In  doing  so  there  will  be  no  necessity 
for  additional  outlay  in  all  time ;  no  dredging,  no  locks  to  keep  up,  no  superintendents 
to  pay,  and  all  this  at  probably  one-tenth  the  expenditure  to  construct  an  effective  or 
»&ie  harbor  at  any  other  point. 

Hoping  that  your  views  may  not  be  at  variance  with  my  own,  and  that  you  may 
rcMJommend  favorably  to  the  Little  Kanawha,  I  remain,  ' 

Your  obedient  servant, 

E.  P.  Chancellor. 
Col.  W.  E.  Merrill, 

yfajorj  Citrps  of  Emfineeys^  V.  S,  A . 
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survey  of  green,  muddy,  and  barren  rivers,  kentucky. 

United  States  Engineer  Office, 

Cincinnati  J  Ohio,  February  21,  1880. 

General  :  The  river  and  harbor  act  approved  March  3, 1879,  directed 
the  following  surveys,  viz : 

Green  River  and  its  tributaries,  Muddy  and  Barren  rivers,  Kentucky. 

This  survey  was  assigned  to  me,  and  I  have  the  honor  to  submit  thereon 
the  following  report : 

The  drainage  basin  of  the  Green  Eiver  and  its  tributaries  may  be  said 
to  lie  wholly  in  the  State  of  Kentucky  as  its  overlap  into  Tennessee  does 
not  exceed  10  miles  at  the  maximum.  The  greatest  length  of  the  basin 
is  175  miles,  and  the  direction  of  the  line  of  maximum  length  varies  very 
slightly  from  the  parallel  of  37^  25^  north  latitude.  The  maximum 
breadth  of  thebasin,  measured  on  the  meridian  of  86°  21'  west  longitude, 
is  90  miles.  The  total  drainage  area  is  approximately  10,000  square 
miles. 

Nearly  fifty  years  ago  the  State  of  Kentucky  entered  very  actively 
upon  a  course  of  internal  improvement,  and  one  of  its  chief  undertakings 
was  the  improvement  by  locks  and  dams  of  the  Green  Biver  and  its 
principal  tributaries.  There  was  some  delay  in  beginning  work,  but  the 
first  contract  for  a  lock  and  dam  on  Green  Biver  was  made  in  December, 
1833.  The  lock  and  dam  in  question  was  that  at  Bumsey,  which  is  No.  2 
of  the  system.    It  was  first  opened  to  navigation  in  December,  1837. 

In  1841  the  slackwater  system,  as  we  now  find  it,  was  finally  com- 
pleted and  opened  to  navigation.  It  consists  of  four  locks  and  dams 
on  the  Gifeen  Biver,  and  one  on  its  chief  tributary,  the  Big  Barren,  the 
five  giving  continuous  navigation  from  the  Ohio  Biver  to  Bowling  Green, 
Ky.,  a  distance  of  175  miles.  The  lowest  dam  is  at  Spottsville,  8^  miles 
above  the  confluence  of  the  Green  with  the  Ohio,  but  backwater  from 
the  Ohio  gives  a  sufficiency  of  water  up  to  lock  No.  1. 

The  locks  and  dams  on  the  Green  and  Big  Barren  are  owned  by  the 
State  of  Kentucky,  and  were  managed  by  the  State  until  1868. 

In  1868  the  Green  and  Barren  Biver  Navigation  Company  was  char- 
tered by  the  legislature  of  Kentucky,  and  to  this  company  the  State 
loaned  these  locks  and  dams  for  a  period  of  thirty  years.  The  preamble 
to  the  charter  gives  as  a  reason  for  this  action  that  the  works  had 
always  been  a  charge  upon  the  State  5  that  they  were  largely  in  debt, 
and  that  there  was  no  prospect  of  any  improvement.    [These  statements 
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are  positively  denied  by  the  opponents  of  this  charter.  They  assert  that 
tibe  State  records  showed  at  tiie  time  of  the  lease  that  the  works  had 
returned  to  the  State  treasury,  above  the  cost  of  maintenance,  $45,357.51. 
Since  then  the  general  government  has  paid  the  sum  of  $50,560.50  for 
the  use  and  injury  of  this  slackwater  during  the  war.  (See  Appendix  B.*)] 
The  company  was  to  collect  all  the  revenue  of  the  improvement,  and  the 
only  consideration  required  was  that  the  works  should  be  kept  in  repair 
and  returned  to  the  State  in  good  condition  at  the  end  of  the  lease. 
The  company  was  likewise  empowered  to  own  and  operate  steamboats, 
to  buy  and  sell  real  estate,  to  work  coal  mines,  to  deal  in  the  products 
of  the  country,  and  in  general  to  en  gage  in  any  business  that  they  might 
choose.    For  a  copy  of  their  charter  and  its  amendments  see  Appendix  A. 

It  will  at  once  be  apparent  that  the  navigation  company  is  not  only 
the  practical  owner  of  the  locks  and  dams  on  Green  and  Barren  Bivers, 
but  that  it  is  also  authorized  to  compete  for  the  business  of  transport- 
ing freight  It  naturally  used  this  privilege,  and  the  necessary  result 
was  to  practically  drive  off  all  boats  except  those  owned  by  the  com- 
pany. There  are  but  two  regular  freight  and  passenger  steamboats  on 
this  line  of  slackwater,  and  &ey  belong  to  the  navigation  company. 

There  was  once  a  small  subsidiary  slackwater  navigation  on  Rough 
Greek,  built  by  a  stock  company  soon  after  the  war,  but  according  to 
Mr.  Baird  (see  Gaptain  Fitzhugh's  report),  the  high  tolls  charged  by 
the  navigation  company  compelled  the  abandonment  of  the  Bough  Greek 
slackwater  soon  after  Green  Biver  was  leased  by  the  State. 

That  the  tolls  are  heav^'  can  be  seen  at  once  from  a  perusal  of  the 
company's  charter.  They  are  based  on  the  custom-kame  Uyimage  of  boats. 
The  company's  passenger  boats,  the  Evansville  and  the  Bowling  Green, 
may  &e  presumed  to  be  as  large  as  the  locks  will  pass.  Their  registered 
tonnage  is  159.6  and  183.57  tons  respectively.  The  total  tolls  on  such 
a  boat  as  the  Bowling  Green,  on  a  trip  from  Evansville  to  Bowling  Green, 
would  therefore  be  as  follows : 

• 

At  Spottsville  lock  (50  cents  per  ton) $91  78 

At  Rumsey  lock  (30  ceuts  per  ton) 55  07 

At  Rochester  lock  (20  cents  per  ton) 36  71 

At  Woodbury  lock  (10  cents  per  ton 18  36 

At  Greencastle  lock  (10  cents  per  ton) 18  36 

Total  one  way,  $1.20  per  ton 220  28 

Total  tolls  for  ronnd  trip,  $2.40  per  ton 440  66 

III  addition  to  the  above,  the  company  is  authorized  to  collect  a  toll 
on  each  passenger,  but  the  rates  are  not  named  in  the  charter. 

A  boat  of  this  size  destined  for  Bough  Greek  would  pass  through  the 
two  lower  locks.  Its  trip  toll  would  therefore  be  $146.85,  and  its  round- 
trip  toll  $203.70. 

To  appreciate  the  burden  of  such  tolls,  let  us  compare  them  witii  those 
charged  on  the  Ghio  Biver  for  passage  through  the  Louisville  and  Port- 
land Canal. 

The  old  tolls  were  50  cents  per  ton.  Against  such  charges  the  com- 
merce of  the  river  protested  with  great  energy,  and  ultimately  succeeded 
in  getting  them  i^uced  to  their  present  rate  of  6^  cents  per  ton  of 
undertonnage.  As  the  undertonnage  is  only  about  one-half  of  the  cus- 
tom-house tonnage,  the  actual  rate  on  the  basis  adopted  tor  Green  Eiver 
is  3^  cents  per  ton.  This  is  for  passing  through  two  miles  of  canal  and 
two  locks. 

*  Omitted.     See  Senate  Ex.  Doc.  No.  116,  Forty-sixth  Congress,  second  session. 
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While  there  can  be  no  question  that  rates  that  would  suffice  on  the 
Ohio  would  be  too  small  for  the  Green,  it  is  yet  evident  that  the  differ- 
ence is  too  great,  and  that  the  Green  Hiver  tolls  are  excessive. 

This  monopoly  of  transportation  has  naturally  provoked  enmity  and 
opposition.  Strong  appeals  have  been  made*  to  the  legislature  of  Ken- 
tucky to  repeal  the  company's  charter.  In  order  that  tiie  situation  may 
be  thoroughly  understood,  I  have  attached  copies  of  these  memorials 
and  of  the  response  of  the  navigation  company.  They  appear  as  Ap- 
pendixes B*  and  C*. 

Both  sides  are  so  fully  represented  by  their  advocates,  that  nothing 
need  be  added  by  me. 

The  fact  that  efforts  in  the  Kentucky  legislature  to  repeal  the  lease  of 
the  Green  River  locks  and  dams  failed  in  the  session  of  1877-'78  (the 
Kentucky  legislature  meets  biennially),  shows  that  the  present  condi- 
tion of  affairs  has  its  supporters  and  defenders.  As  long,  therefore,  as 
the  people  of  Kentucky,  who  have  the  deepest  interest  in  the  matter, 
still  through  their  representatives  uphold  the  present  status,  it  does  not 
seem  to  me  that  the  United  States  is  called  upon  to  interfere.  But  inas- 
much as  the  Green  Biver  is  de  facto  a  river  that  is  closed  to  general 
commerce,  I  certainly  think  that  it  has  no  claim  upon  the  geneiul  gov- 
ernment for  an  appropriation. 

These  are  but  individual  views,  and  as  Congress  might  decide  other- 
wise, the  cost  of  extending  the  present  slackwater  has  been  carefully 
computed : 

To  build  on  Green  River  eight  more  mauonry  locks  with  timber  dams,  thus 

adding  84^  miles  to  the  present  slackwater,  will  cost |656, 144 

If  six  ofthese  dams  are  masonry  instead  of  timber,  the  cost  will  be 7i4, 533 

To  build  on  Big  Barren  River  two  more  masonry  locks  with  timber  dams,  add- 
ing 24  miles  to  the  present  slackwater,  will  cost..... 178, 661 

The  totaT  cost  on  both  rivers,  if  all  the  dams  are  of  timber,  will  therefore  be . .  834, 806 

The  total  cost  on  both  rivers,  if  six  of  the  ten  dams  are  of  masonry,  will  be..  893, 184 

For  details  reference  is  made  to  the  accompanying  report  of  Captain 
Fitzhugh,  who  made  the  survey  and  estimates. 

!N'o  examination  was  made  of  Muddy  Eiver,  as  I  received  official  infor- 
mation that  it  was  not  desired  by  the  parties  at  whose  instance  the  sur- 
vey of  the  Green  was  ordered. 

For  such  commercial  statistics  as  could  be  obtained,  reference  is  made 
to  Appendix  D. 

An  interesting  descriptive  letter  from  General  D.  G.  Buell  is  attached 
afi  Appendix  E  *. 

This  report  is  accompanied  by  two  general  maps  of  Green  and  Bar- 
ren rivers,  respectively,  and  by  13  detailed  maps  of  lock- sites. 

BespectfuUy  submitted. 

Wm.  E.  Mebbill, 
Major  of  Mngineers. 

G^n.  H.  G.  Wright, 

Chief  of  Engineers^  U.  8.  A. 

*      *  Omitted.    See  Senate  £z.  Doe.  No.  116,  Forty-sixth  Congress,  second  session. 
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REPORT  OF   MR.    R.    H.    FITZHUGH,    ASSISTANT    ENGINEER. 

« 

Frankfort,  Kt.,  January  28,  1880. 

Sir  :  I  bave  the  honor  to  submit  the  following  report  upon  the  results  of  the  survey 
of  the  Green  River  and  its  tributaries  : 

This  work  >va8  begun  under  .Vbur  direction  about  the  middle  of  September  last,  aud 
concluded  on  the  29th  day  of  November  following.  In  this  time  15^  miles  of  survey 
were  made  on  Big  Barren  River,  79^  miles  on  Green  River,  8  miles  on  Nolin  River,  and 
6  miles  on  Bear  Creek. 

These  several  lines  of  survey  followed  as  closely  as  possible  the  banks  of  the  streams, 
and  they  furnish  correct  data  concerning  the  meanderings  and  the  topographical 
characteristics  of  the  water-courses  in  question. 

In  the  leveling  department  two  locks  and  dams  wore  located  on  Big  Ban*eu 
River,  two  diflferent  localities  being  examined  for  the  lower  lock.  On  Green  River 
eight  locks  and  dams  were  located,  and  alternate  sites  were  examined  for  each  of  the 
first  two  locks. 

In  the  designation  of  the  proposed  new  works,  the  numbering  of  the  existing  locks 
and  dams  has  been  continued.  The  existing  slackwater  extends  from  Spottsville,  8^ 
miles  above  the  mouth  of  Green  River,  to  Bowling  Green,  on  the  Big  Barren.  It 
consists  of  five  dams,  of  which  four  are  on  the  Green  and  one  on  its  tributary,  the  Big 
Barren.  They  are  numbered  as  you  ascend  the  river,  and  are  designated  as  Nos.  1,  2,  3, 
and  4  of  Green  River,  and  No.  1  of  Big  Barren. 

The  levels  on  Big  Barren  were  all  referred  to  the  normal  surface  of  pool  No.  1  of  Big 
Barren.  On  Green  River  they  were  referred  to  the  normal  surface  of  pool  No.  4  of 
Green  River.  The  low-water  surfaces  of  these  two  pools,  which  are  uppermost  on  these 
two  rivers,  were  the  starting  points  of  the  levels  on  the  extensions. 

In  comparing  the  results  of  the  survey  ma<le  in  the  year  1835  by  the  Stat6  of  Ken- 
tucky with  those  just  obtained,  I  find  the  following  disagreements.  The  distance  on 
the  Big  Barren  from  Double  Springs  to  the  mouth  of  DraKe's  Creek  is  12  miles  accord- 
ing to  the  old  survey,  and  13.8  miles  according  to  the  new.  The  latter  measurement  is 
correct,  as  was  proven  by  a  check  line  nm  so  as  to  connect  the  termini  of  the  survey. 
The  distance  on  Green  River  from  the  mouth  of  Bear  Creek  to  the  mouth  of  the  Little 
Barren  is  77.5  miles  by  the  old  survey  and  79.25  miles  by  the  new ;  this  difierence  can 
easily- be  accounted  for  on  the  supposition  that  one  line  conformed  more  nearly  than 
the  other  to  the  margin  of  the  river.  Having  no  means  of  determining  the  planes  of 
reference  used  in  the  old  work,  I  cannot  report  definitely  the  difference  in  the  levels 
of  the  two  surveys,  but  as  between  given  potnts  I  find  minor  disagreements  UU  along 
the  line  of  survey,  resulting  in  a  difference  of  3.75  feet  in  the  rise  from  the  month  of 
Bear  Creek  to  the  mouth  of  Little  Banen,  a  distance  of  79^  miles.  Having  run  no  test 
levels,  I  cannot  say  that  the  recent  work  is  free  from  eiTor.  But  as  a  negative  argu- 
ment in  favor  of  the  late  work,  it  may  be  proper  to  state  that  I  found  in  the  section 
embraced  between  Dam  No.  4  of  Green  River  and  the  mouth  of  Nolin  River  a  seeming 
error  of  6.5  feet  in  the  old  survey.  According  to  the  levels  reported  at  the  time  of 
construction,  the  existing  dam  No.  4  should  have  given  1|  feet  of  pool  water  at  the 
mouth  of  Nolin.  In  fact,  it  does  not  reach  the  plane  of  the  low-water  surface  at 
that  point  by  5  feet.  And  yet,  as  before  indicated^bein^  ignorant  of  the  datum  heights 
of  that  survey,  I  an  unwilling  to  pass  judgment  upon  its  accuracy. 

The  work  of  selecting  and  examining  sites  for  locks  and  dams  was  prosecuted  as 
nearly  as  practicable  in  the  manner  generally  prescribed  in  your  letter  of  instructions. 

Except  in  the  case  of  the  two  dams  next  below  the  Mammoth  Cave,  the  lifts  were 
made  12  feet  each. 

The  locations  of  the  dams  were  determined  by  considerations  of  ample  width  and 
straightness  of  river,  depth  of  water-cushion  below  the  dam,  and  character  of  bottom 
and  banks.  Whenever  the  question  of  tributary  navigation  was  involved,  I  endeav- 
ored to  meet  the  demands  of  the  case  by  locating  alternate  dams,  one  in  each  instance 
being  below  the  mouth  of  the  stream  to  be  thus  rendered  navigable.  In  the  particu- 
lar examination  of  each  site,  from  four  to  ten  transverse  sections  of  the  river  were 
taken,  100  feet  apart,  by  means  of  a  line  marked  every  25  feet  and  stretched  across  the 
river;  along  this  line  soundings  of  the  water  were  taken  at  each  tag  and  recorded. 
The  character  of  the  bottom  was  tested  by  means  of  a  drill  12^  feet  foug,  which  was 
driven  to  the  rock,  or  as  deep  as  it  could  be  forced  into  the  compact  strata  bfelow." 
Three  or  mon^  of  those  borings  were  made  on  each  section  ;  and  in  every  case  the  out- 
line of  the  rock  was  determined  where  it  existed  at  all.  These  cross-sec tioi^s  were 
continued  to  a  height  of  20  or  30  feet  above  the  water  surface  on  either  bank;  and  in 
cases  where  slips  had  occurred,  the  depth  to  the  underlying  rock  was  ascertained  as 
accurately  as  was  practicable  under  the  circumstances. 

By  such  means  the  site  for  dam  No.  2  on  Big  Barren  River  was  located  at  Uiider- 
wood^s  Ferry,  three-fourths  of  a  mile  below  the  Bowling  Green  steamboat-landing, 
with  an  alternate  location  just  below  the  Warren  County  Iron  Bridge,  one-third  of  a 
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mile  above  said  landing.     Dam  No.  3  was  located  800  feet  above  the  month  of  Drake's 
Creek,  14|-  mile^  above  No.  2. 

On  Green  River,  dam  No.  5  was  located  at  Floyd's  Landing,  20^  miles  above  No.  4, 
with  an  alternate  location  2,000  feet  below  the  mouth  of  Bear  Creek  and  18  miles  above  • 
No.  4.  No.  6  was  fixed  at  a  point  1^  miles  below  the  mouth  of  Buffalo  Creek,  with  an 
alternate  location  just  below  the  mouth  of  Nolin  River,  13  miles  above  No.  5  aijd  3^-' 
miles  below  No.  6.  Dam  No.  7  was  located  1  mile  above  Mammoth  Cave  and  11  miles 
above  No.  6.  Dam  No.  8,  at  Saunders's  Ripple,  10  miles  above  No.  7.  Dam  No.  9,  at 
Hazelip's  Bend,  9  miles  abovei  No.  8.  Dam  No.  10,  at  the  head  of  the  island,  three- 
quarters  of  a  mile  above  Munfordville  and  7^  miles  above  No.  9.  Dam  No.  11,  at  a 
point  600  feet  above  the  Burnt  Bridge,  at  the  crossing  of  the  Bardstown  and  Glasgow 
Turnpike,  and  10^  miles  above  No.  10.  Dam  No.  12,  half  a  mile  above  the  mouth  of 
Lynn  Camp  Creek. 

The  pool  created  by  the  present  dam^  No.  1,  on  Big  Barren  River,  extends  4  miles 
above  tne  Bowling  Green  Landing,  endmg  at  the  apex  of  a  horseshoe  bend,  which  in- 
closes a  peninsula  10  miles  around.  Through  the  neck  of  this  peninsula  there  seems 
to  be  an  underground  passage  for  a  portion  of  the  water  of  the  river.  The  issue  of  a 
copious  stream  of  water,  known  as  the  Double  Spring,  immediately  above  the  Bowl- 
ing Green  Landing,  cannot  be  accounted  for  upon  any  other  hypothesis.  This  water  is 
unlike  that  which  flows  from  other  springs  in  the  vicinity,  and  in  taste  and  tempera- 
ture is  almost  identical  with  that  of  the  river.  But,  be}  ond  this,  the  sympatnetio 
fluctuations  of  these  springs  with  the  water  surface  of  the  river,  and  the  absence  of 
any  sufficient  watershed  to  supply  such  a  flow,  afford  almost  conclusive  evidence  that 
the  source  is  a  higher  level  of  the  river  itself.  Just  above  this  issue  of  water  there  is 
a  shoal  some  600  feet  in  length,  on  which  there  is  a  depth  of  but  2^  feet  in  the  dry  sea- 
son. 

There  is  a  partial  objection  on  the  part  of  the  Green  and  Barren  Navigation  Com- 
pany to  the  site  at  Underwood's  Ferry,  because  of  the  inconvenience  of  having  a 
lock  just  below  their  BowUng  Green  landing.  To  afibrd  an  opportunity  of  meeting 
this  objection,  and  for  the  purpose  of  submitting  to  your  consideration  a  choice  of 
sites  at  this  important  point,  I  made  a  carefal  examination  of  the  river  and  its  bed- 
formations  at  the  head  of  the  shoal  just  mentioned.  In  respect  to  width  and  suit- 
ability of  bluffs  no  objection  can  be  urged  against  this  locality ;  but,  having  found  no 
rock  anywhere  in  the  whole  width  of  uie  river,  by  means  of  a  rod  driven  12  feet  into 
the  formation  below,  I  would  be  loath  to  select  this  as  a  point  for  the  location  of  a 
lock  and  dam ;  for  the  sufficiency  of  an  artificial  foundation  for  a  lock  can,  after  all, 
only  betletermined  by  the  practical  working  of  the  lock  itself.  Another  and  very  seri- 
ous objection  is  the  probability,  which  almost  amounts  to  a  certainty,  that  tne  un- 
derground passage  through  the  peninsula  would  so  draw  down  the  pool  under  the 
influence  of  the  additional  head  that  it  would  be  impossible  to  keep  it  full  in  the  dry 
season. 

For  these  reasons  I  was  reluctantly  compelled  to  select  Underwood's  Ferry  as  the 
only  available  site  for  lock  and  dam  No.  2.  At  this  location,  although  there  is  no  con- 
tinuous rock  bottom,  the  conditions  are  otherwise  very  favorable  for  the  construction 
of  a  dam.  No  little  difficulty,  however,  must  be  encountered  in  the  founding  and 
erection  of  the  lock  walls,  the  bottom  of  which  will  probably  rest  upon  rock  at  a 
depth  of  14  feet  below  the  normal  snrface  of  the  existing  pool  No.  1.  On  the  other 
side  they  will  encroach  heavily  upon  the  low  rock  bluff  constituting  the  left  bank  of 
the  river.  The  extent  of  these  difficulties  can  be  best  appreciated  by  reference  to  the 
estimates  which  accompany  this  report,  and  by  an  examination  of  the  plat  for  that 
site. 

In  the  selection  of  a  site  for  dam  No.  3  on  Big  Barren  River,  I  was  governed  solely 
bv  considerations  of  the  fitness  of  physical  conditions.  At  first  view,  it  seemed  desira- 
ble to  place  the  dam  at  the  moutn  of  Drake's  Creek,  so  as  to  afford  to  that  tributary 
all  attainable  navigation ;  but  having  ascertained  that  the  lift  of  water  which  would 
be  thus  occasioned  would  cause  the  overflow  of  the  bottom  lands  along  the  creek,  and 
that  it  would  afford  but  a  few  miles  of  unimportant  navigation,  I  abandoned  the  idea 
and  selected  the  site  above  the  creek.  On  this  portion  of  Barren  River  I  have  been 
unable  to  find  any  place  at  which  a  rock  bottom  extends  entirely  across  the  river,  nor, 
indeed,  could  I  find  a  place  where  it  extended  far  enough  out  to  give  room  for  a  lock 
without  cutting,  to  some  extent,  into  the  contiguous  bluffs.  How  far  it  is  judicious  to 
chamber  into  the  bluffs  rather  than  go  to  the  deeper  rock  bottoms  farther  out  in  the 
river,*  is  a  question  that  can  only  be  determined  by  investigations  of  the  most  critical 
character.  For  myself,  I  would  "rather  bear  those  ills  we  have,  than  fly  to  others 
that  we  know  not  of." 

On  this  principle  I  have  chosen  to  encroach  so  far  on  the  rocky  bluffs  as  to  x>ermit 
the  outer  lock  walls  to  rest  upon  the  rock  bottoms.  A  glance  at  the  plats  of  the  dam-^ 
sites  will  show  how  far,  in  each  case,  it  is  design^  to  cut  into  the  bluff.  The  narrow- 
ness of  the  river  at  the  Drake's  Creek  site  is  an  objection,  but  it  could  not  be  obviated 
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by  goiiig  elaewherey  except  at  the  sacrifice  of  other  more  important  oondiUons,  sach  a9 
s&aightness  of  river  and  rock  blnff  and  bottom. 

Beyond  the  month  of  Drake's  Greek  the  survey  was  contiuned  but  one  mile,  partly 
because  it  was  thought  more  important  to  devote  the  remainder  of  the  limitod  tim^ 
allotted  to  this  work  to  the  exapiinations  of  Qreen  River,  bat  mainly  because  such  a^ 
course  was  more  in  harmony  with  the  tenor  of  the  general  instructions  which  were  ta 
guide  me  in  the  execution  of  this  work. 

On  Green  River  it  was  my  purpose  to  have  located  dam  No.  5  below  the  mouth  oi 
Bear  Creek,  so  as  to  have  given  a  maximum  amount  of  navigation  to  that  stream,  bul 
examinations  below  the  mouth  of  the  creek  satisfied  me  that  no  desirable  location  could 
be  found.  Where  the  alignment  of  the  river  was  satisfactory,  rock  bottoms  could  not 
be  found ;  and  where  rock  was  found  the  river  was  too  crookcSd  or  too  narrow.  MainlT 
for  these  reasons,  I  discarded  the  idea  of  trying  to  benefit  the  navigation  of  Bear  Creek 
as  a  prime  consideration,  and,  going  above,  fixed  the  site  at  Floyd's  Landing,  not  far 
firom  the  head  of  the  pool  created  by  the  present  dam  No.  4.  This  point  is  two  milea 
above  the  mouth  of  Bear  Creek,  and  20^  miles  from  dam  No.  4.  After  making  this 
selection,  I  was  gratified  to  learn,  from  the  reports  of  1836,  that  identically  the  saoM 
site  had  been  determined  upon  by  Alonzo  Ldvermore,  the  engineer  at  that  time  in 
charge  of  the  slackwater  improvement  of  the  Green  and  Barren  rivers.  Experiments 
made  then  led  to  the  belief  that  rock,  at  a  feet  few  below  the  gravel  bed,  stretched 
entirely  across  the  river.  The  result  of  my  investigations,  however,  did  not  fully  con- 
firm this  opinion.  I  found  rock  extending  out  about  75  feet  from  tne  right  shore,  bal 
beyond  that  I  bored  for  it  in  vain  to  a  depth  of  10  feet.  There  is  room  here  for  found- 
ing the  lock  on  solid  rock  without  having  to  encroach  materiaUy  upon  the  bluff.  The 
river  is  nearly  straight,  the  bluff  on  the  right  side  is  high  aud  rocky,  and  on  the  left 
side  the  bank  constitutes  the  termination  of  a  bottom  about  one-fourth  of  a  mile  wide 
and  40  feet  high.  The  depth  of  pool  No.  4  at  this  point  is  6  feet,  and  it  affords  a  good 
cushion  from  the  overflow  of  the  proposed  dam. 

The  alternate  for  this  site  was  located  in  the  wide,  straight  stretch,  which,  beginning 
at  the  mouth  of  Bear  Creek,  extends  for  a  distance  of  tm'ee-fourths  of  a  mile  below. 
Soundings  and  borings  made  here  developed  a  very  favorable  condition  of  water  depth, 
but  no  rock  was  discovered  anywhere  on  the  bottom  or  the  banks.  The  gravel,  however, 
which  constitutes  the  bottom  formation,  is  hard  to  penetrate,  being  very  compact  and 
unyielding,  and  might  with  some  artificial  assistance  be  made  a  satisfactory  foundation 
for  both  lock  and  dam.  With  such  a  presentation  of  the  case  you  may  the  better  decide 
upon  the  expediency  of  entering  upon  the  development  of  the  resources  of  coal,  iron, 
and  timber  on  Bear  Creek  by  the  adoption  of  this  site  for  dam  No.  5.  Dam  No.  6  is 
located  1^  miles  below  the  mouth  of  Buffalo  Creek  on  the  straight  stretch  3,000  feet 
long.  At  the  dam-site  the  river  is  170  feet  wide,  with  a  bold,  high  rock  bluff  on  the 
left  side,  and  an  alluvial  bank  liO  feet  high  on  the  right  side.  Here  the  river  rests  upon 
a  rock  bottom  all  the  way  across,  with  a  depth  varying  from  0  to  6  feet  below  the 
gravel  covering.  As  in  every  case  so  far  mentioned,  the  lock  at  this  site  is  located  on 
Fhe  bluff  side.  This  is  done  primarily  because  of  tne  convenience  of  the  position  of 
the  rock,  but  also  because  I  am  informed  by  the  superintendent  of  the  Green  and 
Barren  Navigation  Company,  Capt.  John  A.  Kobinson,  that  his  active  experience  of 
twenty  years  or  more  on  these  rivers  satisfied  him  that  the  current  side,  which  is 
usually  the  bluff  side  of  the  river,  is  in  all  respects  the  best  for  the  location  of  the 
lock,  principally,  he  says,  on  account  of  the  advantage  derived  from  the  scouring  action 
of  the  water,  which  keeps  the  chutes  cleaned  out.  The  normal  depth  of  water  at  this 
point  is  5  feet,  which  will  be  augmented  by  4  feet  due  to  the  dam  below,  and  thus  we 
will  have  a  cushion  of  9  feet. 

As  an  alternate  for  this  site,  and  in  order  to  effect  the  greatest  extent  of  navigation 
on  Nolin  River,  I  made  a  location  just  below  the  mouth  of  that  stream.  The  river 
along  here  is  quite  direct,  and  has  a  width  of  170  feet  at  a  very  low  stage.  On  the 
right  side  there  rises  up  a  steep  blnff  of  rock ;  on  the  left  side  the  bank  is  S)  feet  high, 
and  is  entirely  alluvial  in  its  character.  Rock  is  found  to  extend  75  feet  out  from  tne 
right  shore,  thus  affording  room  for  the  founding  of  the  lock-walls.  The  depth  of 
gravel  over  the  rock  varies  from  nothing  to  5  f»et ;  the  depth  of  the  water  at  a  low 
stage  is  5  feet,  making,  with  the  backwater  from  pool  No  5,  an  ultimate  cushion  of  13^5 
feet.  The  chief  objection  to  building  at  this  point  is  the  increased  height  to  which  it 
w>ould  be  necessary  to  raise  the  dam,  being  3  iieet  more  than  would  be  required  at  this 
upper  site  to  reach  the  same  height  of  pool. 

Dam  No.  7  is  located  1  mile  alM)ve  the  Mammoth  Cave,  near  the  upper  end  of  a  high 
narrow  island  about  one-half  a  mile  long.  Here  we  find  every  condition  necessary  to 
a  perfect  site  for  a  lock  and  dam.  The  river  is  straight  and  wide,  with  a  rock  bluff  on 
either  side.  Rock  bottom  was  found  as  far  out  as  could  be  tested  by  the  limited  means 
necessarily  incident  to  such  a  survey  ;  that  it  constitutes  the  entire  bed  of  the  river  at 
this  site,  1  think  is  a  most  reasonable  and  safe  inference.  The  island  is  separated  from 
the  right  bank  of  the  riiver  by  a  long,  perfectly  straight  chute,  about  40  feet  wide  at 
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low-water  mark,  and  containing  at  low  stage  a  depth  of  2  feet.  In  this  chute  a  rock 
l>ottom  was  stmck  after  penetrating  an  overlying  bed  of  gravel  some  6  feet  in  thick- 
ness. The  river  at  this  point,  including  the  width  of  the  island  and  chute,  is  500  feet 
wide.  After  the  lower  pool  shall  have  Seen  created,  this  dam  will  have  a  water  cush- 
ion of  12  feet  across  the  channel  of  the  main  stream,  and  otherwise  will  have  an  island 
h«cking  gradually  rising  to  the  full  height  of  the  dam.  To  reach  this  point  dams  Nos. 
5  and  6  were  each  designed  for  lifts  of  13^  feet,  by  which  arrangement  the  mouth  of 
the  stream  discharging  from  the  Mammoth  Cave  was  passed  at  as  low  a  level  aa 
was  practicable  without  a  resort  to  expensive  dredging.  From  trial  levels  run  first 
from  the  surface  of  low-water  in  Green  Kiver  up  to  the  mouth  of  the  cave  aud  then 
down  to  the  surface  of  the  lowest  water  in  the  cave  I  find  the  rise  to  the  mouth  of  the 
cave,  and  the  descent  in  the  cave,  to  be  in  each  case  about  229  feet,  thus  showing  that 
the  river  and  the  cave  waters  are  on  the  same  level.  The  outside  work  was  tested  and 
found  to  be  correct ;  that  in  the  cave  may  be  in  error  a  few  tenths,  on  account  of  the 
difficulty  of  running  an  accurate  line  through  the  tortuous  passages,  but  the  result 
cannot  be  greatly  inaccurate,  as  was  sufficiently  tested  by  a  raftid  proof  line  run  over 
a  difierent  route.  A  careful  observation  of  the  efiects  of  a  slight  rise  in  the  Green 
River  convinces  me  that  no  material  damage  to  any  route  in  the  cave  will  result  from 
the  slackwat't^r  herein  contemplated. 

Dam  No.  8  is  located  at  the  head  of  Saunders's  Ripple,  and  at  the  upper  end  of  a 
small  island.  Here  the  river  is  straight  for  fully  1,000  feet  each  way,  and  it  is  gener- 
ally 200  feet  wide.  The  rock  blufi*  on  the  right  side  rises  boldly  to  a  height  of  over 
200  feet;  on  the  left  the  alluvial  bank  attains  a  height  of  30* to  40  feet.  Because  of 
the  strong  current  in  the  river  at  the  time  of  this  examination,  and  on  account  of  the 
difficulties  of  boring  through  the  gravel,  I  did  not  succeed  in  penetrating  to  the  rock 
anywhere  in  the  bed  of  the  river ;  but  having  found  it  on  both  sides  near  the  margin 
of  the  water  at  a  maximum  depth  of  7  feet  below  the  surface  of  the  overlying  gravel, 
it  is  quite  probable  that  it  will  be  found  within  reach  across  the  entire  width  of  the 
river.  Although  I  had  designed  the  lock  for  the  light  bank,  yet  there  would  seem  to 
be  no  difficulty  here  in  locating  it  on  either  side.  Tne  water  cushion  for  this  dam  will 
be  7  feet. 

Dam  No.  9  is  located  near  the  apex  of  Hazelip's  Bend,  at  the  head  of  a  ripple,  and 
at  the  upper  end  of  what  is  known  as  Boat  Island.  This  point  is  favorable  for  the 
construction  of  a  dam,  because  there  is  underlying  a  covering  of  3  or  4  feet  of  gravel,  a 
continuous  rock  bottom,  admitting  of  the  founding  of  the  lock  on  either  side  of  the 
river.  Following  my  invariable  rule,  I  have  in  this  case  also  located  the  lock  on 
the  bluff  side  of  tne  river,  which  is  here  the  left  bank.  But  should  it  ever  be  thought 
expedient  to  allow  a  wider  channel  for  the  passage  of  the  water,  it  might  be  found 
practicable  to  push  the  lock  wall  into  the  alluvialbank  on  the  right  shore,  and  still 
rest  it  npon  a  rock  foundation.  The  river  being  practically  straight,  the  direction  of 
the  current  is  favorable  to  either  location. 

Dam  No.  10  is  designed  for  a  site  three-fourths  of  a  mile  above  the  ferry  at  Mnmford- 
ville,  where  the  river  is  200  feet  wide.  As  in  the  case  of  the  site  immediately  preced- 
ing, this  location  is  on  a  ripple  at  the  head  of  a  long  island ;  here  also  we  find  a  con- 
tinuous rock  bottom  from  1  to  5  feet  under  the  gravel.  The  rock  bluff  rises  quite  ab- 
ruptly from  the  right  shore,  and  on  the  left  shore  we  find  the  almost  invariable  sedi- 
mentary fiat  standing  from  30  to  40  feet  above  low-water.  This  dam  is  located  near 
the  middle  of  a  straight  stretch  several  thousand  feet  in  length,  and  in  a  natural  depth 
of  water  at  lowest  stage  of  3|  feet ;  which,  being  augmented  by  the  addition  of  4^  roet 
from  pool  No.  9,  gives  8  feet  of  water  on  the  lower  siSe  of  the  dam.  *  The  lock  is  located 
on  the  right  bank. 

Dam  No.  11.  In  making  this  location  I  had  to  choose  between  two  points  of  about 
eoual  merit,  one  being  just  above  and  the  other  Just  below  the  burnt  bridge  or  CTosaing 
«i  the  Bardstown  ana  Glasgow  Turnpike.  After  balancing  natural  advantages,  I  was 
dettermined  in  £AVor  of  the  upper  site  by  oonsiderations  effecting  the  milling  intere«tB 
existing  at  this  point.  The  dam,  if  located  above,  does  no  hum;  if  below,  it  would 
cause  the  drowning  out  of  one  of  the  mills,  with  little,  if  my,  oompensating  advan- 
tage. The  depth  of  water  here  at  lowest  stage  is  from  3  to  6  feet ;  tne  bottom  is  rook 
underlying  from  0  to  6  feet  of  gravel.  On  the  right  bank  the  mountain  deseenda 
Tapidly  to  the  river,  forming  almost  a  cliff  of  rock.  The  left  bank  is  of  aAlnvial  for- 
mation, and  not  so  high  as  usual,  beii^  25  foet  above  low- water.  If  dam  Nd.  10  were 
in  existence  there  would  be  here  a  water  cuahion  8  feet  in  depth.  The  river  enrvea 
■gently  in  a  uniform  width  of  175  foet.    The  lock  is  located  on  uie  right  side. 

Dam  No.  12  is  located  at  Harlow's  Ripple,  half  a  mile  above  Lynn  GsAip  Creek. 
vHere  I  fcrand  the  whole  volume  of  the  river  running  in  a  channel  75  foet  Wide  and  1 
foot  deep.  The  dam  is  designed  to  oeonpy  a  position  Just  above  this  jusrtow  ^annel, 
where  there  is  a  deptfa'of  3  feet  of  water  in  tne  dryest  season.  A  rook  bottdtti  under 
the  ^;raTel  covering,  which  viiries  in  thickness  fr^  0  to  9  foet.  extends  Out  from  the 
left  shore  to  a  distanee  of  from  75  to  125  feet,  as  detennined  by  tne  trjring-^^od.    Under 
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a  more  searchinff  test.  I  am  of  the  opinion  that  the  r6ck  bottoms  will  be  foand  to 
extend  to  a  uniionn  distance  of  125  feet  or  more^  and  that  nowhere  will  the  gravel 
covering  exceed  10  feet  in  depth. 

With  pool  No.  11  full,  there  will  be  a  depth  of  6  feet  of  water  on  the  lower  side  of 
this  dam.  At  this  point  the  river  is  full  200  feet  wide,  and  straight  for  1,000  feet  above 
and  below.  The  bluff  on  the  left  side  is  very  precipitous,  and  presents  an  almost  bare 
face  of  rock.  The  right  bank  is  the  termination  of  what  was  once  a  series  of  islands, 
now  joined  one  to  another,  and  so  extending  to  the  mainland.  This  formation  is  no- 
where along  the  river  margin  less  than  25  feet  above  low-water  level,  and  I  regard  it 
as  being  as  safe  an  anchorage  for  the  end  of  the  dam  as  the  average  alluvial  bank  of 
the  mainland.  The  lock  is  located  close  in  to  the  bluff  on  the  left  side.  The  pool 
created  by  this  dam  will  add  11  feet  to  the  depth  of  the  water  at  the  mouth  of  Little 
Barren  at  its  lowest  stage ;  and,  according  to  the  survey  of  1835,  it  will  extend  up  the 
Green  River  to  a  point  4  miles  above  the  confluence  with  Little  Barren  and  up  the 
Little  Barren  for  a  distance  of  2^  miles. 

Here  the  survey  was  discontinued  on  the  13th  day  of  November,  on  account  of  the 
lateness  of  the  season.  But  even  had  the  season  permitted,  it  is  questionable  whether 
it  would  have  been  judicious  to  have  much  further  extended  examinations  upon  the 
headwaters  of  a  stream  which  are  descending  at  the  rate  of  2  feet  per  mile  on  the 
main  branch,  and  3  feet  per  mile  on  its  principal  tributary,  the  Little  Barren.  In  the 
possible  further  prosecution  of  this  survey  at  some  future  day,  it  may  be  found  advisa- 
ble to  estimate  for  slackwater  as  high  up  as  Greetisburg,  the  county  seat  of  Green 
County,  which  is  situate  on  the  river  25  miles  above  the  mouth  of  Little  Barren;  but 
of  this  you  will  be  enabled  the  better  to  judge  after  examining  the  evidence  herein 
contained. 

The  accompanying  tables  give  the  chief  results  of  all  the  recorded  surveys  that  have 
ever  been  made  on  Green  River  and  its  tributaries.  The  titles  of  the  tables  sufficiently 
indicate  their  contents.  Table  E  has  been  prepared  in  order  to  show  the  cost  of  using 
masonry  instead  of  crib  dams  at  sites  Nos.  6, 7,  8,  9, 10,  and  11  on  Green  River.  These 
points  have  been  selected  for  stone  dams  because  of  the  presence  of  continuous  rock 
bottoms  at  available  depths.  As  a  convenieat  and  safe  basis  of  calculations  for  this 
character  of  dam,  I  have  adopted  the  rectangular  section  with  a  thickness,  in  every 
case,  equal  to  the  lift  of  the  lock.  In  constructing,  this  section  will  admit  of  such  re- 
ductions as  may  be  thought  judicious.  I  think  that  building-stone  of  a  satisfactory 
character  may  be  found  at  no  great  distance  from  each  of  the  sites  in  question.  In- 
deed, in  the  matter  of  building-materials  generally,  I  see  no  grounds  for  apprehending 
any  difficulty.  In  this  department  no  special  investigations  were  made,  but  enough 
was  observed  in  the  variety  of  limestones  everywhere  present  to  satisfy  me  that  good 
material  for  every  description  of  stone  work  necessary  to  this  improvement  might  be 
readily  had.  On  the  river  banks,  or  in  close  proximity  thereto,  timber  of  the  requisite 
size  and  character,  may  be  found  always  convenient. 

The  character  of  dam  upon  which  the  general  estimate  has  been  made  is  a  modifica- 
tion of  the  ordinary  crib-work,  having  an  upper  slope  with  a  base  of  16  feet,  and  a 
lower  slope  always  reaching  to  the  surface  of  the  pool  below,  with  an  inclination  of  1 
on  4.  Thus  the  total  width  of  the  base  of  the  dam  ia  from  64  to  70  feet,  according  as 
the  lift  is  12  or  IIH  f^^^t.  These  dams  are  designed  to  be  of  round  logs  not  less  than  1 
foot  in  diameter,  built  in  pens  8  feet  square,  and  bolted  together  with  1^  inch  round 
iron.  The  pens  are  to  be  tilled  with  broken  stone  or  large  gravel,  and  the  whole  dam 
is  to  be  backed  with  sand  calculated  to  a  slope  of  1  on  3. 

The  locks  are  designed  to  be  built  of  ashlar  and  good  ranged  rubble  masonry;  5^ 
feet  from  the  inner  faces  being  taken  as  the  average  thickness  of  the  ashlar,  and  the 
rest  of  the  walls  as  rubble.  As  instructed  by  you,  I  have  estimated  for  locks  of  the 
same  capacity  as  those  existing  on  this  river,  and  in  full  recognition  of  the  value  of 
the  guide  of  experience,  I  have  very  freely  referred  to  the  original  manuscript  specifi- 
cations for  the  old  works  (luckily  in  my  possession),  upon  which  locks  now  standing, 
in  all  of  their  integrity  were  constructed  nearly  forty-five  years  ago.  The  dimensions ' 
of  these  locks  are  as  follows :  Length  of  chamber  between  hollow  quoins,  160  feet ; 
width  of  chamber,  36  feet ;  total  length  of  lock  walls,  214  feet ;  river  wall,  12  feet 
thick  with  vertical  faces ;  land  wall,  12  feet  at  bottom,  6  at  top  from  recesses  to  ends 
of  wall,  and  4  feet  between  recesses.  I  have  estimated  for  gates  and  fixtures  similar 
to  those  at  present  used  on  this  river,  but  shall  submit  with  this  report  a  sketch  of  an 
improved  gate,  the  device  of  Capt.  John  A.  Robinson,  the  superintendent  of  the  Green 
and  Barren  Navigation  Company.  He  assures  me  that  he  is  now  using  this  gate  with 
great  satisfaction. 

The  substitution  of  iron  plates  for  miter  and  heel  posts,  and  the  collar  arrangement 
by  which  the  gate  swings,  seem  to  be  the  chief  points  of  merit.  It  strikes  me  as  being 
a  compact,  simple  construction,  of  many  excellencies,  and  much  superior  to  the  con- 
trivance which  it  replaces.  It  will  be  observed  that  timber  foundations  have  been 
calculated  for  every  lock.     In  point  of  fact,  this  item  is  in  excess  of  a  theoretical  esti- 
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matOy  for  in  every  case  the  stoue  work  is  assumed  to  rest  npon  the  rock  bottom,  and 
the  estimate  is  made  accordingly.  Whenever  a  timber  bottom  is  designed  to  go  in,  its 
depth  might  be  taken  from  the  height  of  the  walls ;  and  yet  such  are  the  known  un- 
certainties of  preparing  foundations,  aud  such  is  our  ignorance  of  what  is  under  water, 
that  the  error,  if  any,  of  this  provision  will  be  on  the  side  of  safety,  and  therefore  the 
more  admissible.  I  adopted  this  plan  of  estimating  in  order  to  provide  for  the  con> 
tingency  of  having  to  go  deeper  with  the  excavations  for  the  lock  walls.  An  accom- 
panying sketch  will  help  you  to  a  clearer  apprehension  of  what  has  been  said  con- 
cerning the  dimensions  of  the  existing  form  of  lock,  which  constitutes  the  model  herein 
adopted. 

The  estimated  cost  of  the  whole  improvement,  on  the  basis  of  crib  dams,  is  $834,805: 
if  stone  dams  are  substituted,  as  hereinbefore  indicated,  this  estimate  will  be  increased 
by  the  sum  of  ^,379,  and  will  stand  $893,184.  The  unimportant  diflference  between 
the  cost  of  the  crib  and  stone  dams,  except  in  the  case  of  the  site  at  Mammoth  Cave, 
would  certainly  suggest  a  more  careful  investigation  of  those  cases  prior  to  the  adop- 
tion of  either  plan  of  structure. 

The  water  shed  of  Green  River  embraces  about  9,600  square  miles,  and  includes  por- 
tions of  29  counties.  Practically,  one-half  of  this  area  is  above  existing  slackwater, 
and  is  a  country  rich  in  the  excellence  and  variety  of  its  timber,  and  in  the  ^owth  of 
the  finer  grades  of  tobacco.  In  1834, 1835,  and  1836  the  development  of  this  country 
received  a  great  deal  of  att<jntion.  Surveys  were  made  almost  to  the  headwaters  of 
the  various  streams  tributary  to  the  Green,  and  reports  were  made  favorable  to  slack- 
water-improvement  to  the  ritmost  limit  of  practicability.  At  that  time  there  was  a 
popular  idea  that  a  connection  between  the  headwaters  of  the  Big  Barren  and  a  tribu- 
tary of  the  Cumberland  was  entirely  practicable,  and  -that  it  should  by  all  means  be 
made  in  the  interest  of  internal  commerce.  This  question  was  finally  disposed  of  in 
the  following  report,  made  at  that  date  by  William  B.  Foster,  the  assistant  engineer 
in  charge  of  the  slackwater  improvement  of  the  Green  and  Barren  rivers : 

*•  The  survey  was  commenced  at  the  mouth  of  Peters  Creek  and  carried  up  the  Barren 
River  to  the  junction  of  the  East  and  Long  forks ;  thence  up  the  East  Fork  to  its 
source ;  and  thence  to  the  summit  of  the  ridge.    A  crest  line  was  then  ruif  from  this  point 
southwardly  to  the  Tennessee  line,  a  distance  of  about  13^  miles.    The  lowest  depres- 
sion was  found  to  bo  at  Glenn's  Gap,  between  the  headwaters  of  Mill  Creek,  a  tribu- 
tary' of  the  Barren,  and  Sulphur  Lick,  a  tributary  of  the  Cumberland  River.    The 
bench-mark  at  this  point  was  462.75  feet  above  the  low-water  plane  of  Barren  River 
at  Peters  Creek.    A  line  was  carried  from  this  bench-mark  down  the  valley  of  Mill 
Creek  and  connected  with  the  line  along  the  East  Fork,  and  down  a  ravine  to  the 
forks  of  Sulphur  Lick  Creek ;  thence  down  this  stream  to  the  Cumberland  River. 
The  descent  to  the  low-water  plane  was  found  to  be  466.79  feet,  or  about  4  feet  lower 
than  the  Barren  at  Peters  Creek.     Between  Peters  Creek  and  the  junction  of  the  Long 
and  East  forks,  a  distance  of  30  miles,  the  river  runs  through  a  narrow  valley  which 
seldom  exceeds  one-fourth  of  a  mile  in  width.     Its  channel  is  generally  along  the  side 
of  the  valley  at  the  base  of  the  hill  or  rock  bluff,  but  it  frequently  changes  from  one 
side  to  the  other.    The  width  of  the  river  at  the  mouth  of  Peters  Creek  is  220  feet ; 
it  diminishes  to  140  at  the  junction  of  East  and  Long  forks.    The  ascent  in  this  por- 
tion of  the  river  is  89.6  feet,  or  about  3  feet  to  the  mile.     The  height  of  the  flats  or 
bottoms  above  low-water  surface  does  not  exceed   15  feet,  and  is  frequently  less. 
These  bottoms  are  occasionally  overflowed  to  a  depth  of  4  or  5  feet,  and  sometimes 
more.     The  distance  from  the  inouth  of  the  East  Fork  to  the  mouth  of  Mill  Creek  is  16 
miles,  and  the  ascent  90.54  feet,  or  about  5.64  feet  per  mile ;  hence  along  the  valley  of 
Mill  Creek  to  its  source,  the  distance  is  8  miles  and  4,260  feet,  and  the  rise  98  feet,  or  at 
the  rate  of  about  11.2  feet  in  a  mile.    From  the  summit  bench-mark  down  the  river  to  the 
fork  of  Sulphur  Lick  Creek,  the  distance  is  three-fourths  of  a  mile,  and  the  descent 
302  feet,  or  at  the  rate  of  402.66  feet  i>er  mile ;  t^jence  along  the  Sulphur  Lick  Creek  to 
the  Cumberland  River  the  distance  is  4  miles  and  1,920  feet,  and  the  descent  to  the 
.  low-water  plane  is  164.79  feet,  or  about  37.5  feet  in  a  mile.     The  quantity  of  water  in 
the  Barren  River  as  far  as  the  mouth  of  Lino  Creek  appears  to  be  sufficient  to  supply 
a  well-ma<le  canal  or  a  navigation  by  slackwater  with  well-constnicted  dams.    The 
river  is  not  well  adapted  to  the  latter  kind  of  improvement,  as  it  has  a  good  deal  of 
descent,  and  the  bottoms  are  too  low  to  admit  of  the  erecting  of  dams  sufliciently  high 
to  give  the  desirable  lifts  to  the  locks.     A  canal  could  be  made  at  an  expense  of  about 
$35,000  per  mile.     A  canal  could  be  extended  up  the  East  Fork  about  14.75  miles  to  the 
mouth  of  Line  Fork.     Above  this  point  the  quantity  of  water  would  not  be  sufficient 
for  the  purposes  of  navigation.     From  the  mouth  of  Line  Creek  to  the  summit  bench- 
mark at  Glenn's  Gap  the  distance  is  about  13  miles  and  the  accent  313  feet. 

#  #  »  «  «  ^  ft 

**From  the  summit- bench  by  the  valley  of  Sulphur  Lick  Creek  to  the  Cumberland 
River,  the  distance  is  about  5.1  miles,  and  the  descent  466.8  feet.  This  part#of  the 
route  is  not  adapted  for  a  canal.  *  *  *  A  reconnaissance  was  made  of  the  ridge 
eastward  as  far  as  the  Burksville  and  Glasgow  roiul  for  the  purpose  of  ascertaining 
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whether  a  depression  lower  than  Glenn's  Qap  conld  be  foond  between  the  waters  of 
Skegg's  Creek  and  Marrowbone  Creek.  The  lowest  places  in  the  dividing  ground  be- 
tween these  streams  appeared  to  be  as  high  as  or  higher  than  the  summit  at  Glenn's 
Gap. 

'^It  appears  A:om  the  surveys  and  examinations  which  have  been  made  that  a 
water  communication  between  the  Barren  and  Cumberland  rivers  is  impracticable." 

In  relation  to  the  particular  resources  of  this  great  watershed,  the  largest  in  the 
State,  I  think  it  best  to  refer  to  the  testimony  of  Prof.  N.  S.  Shaler.  In  his  special 
report  upon  the  Nolin  River  and  Bear  Creek  districts,  he  says : 

**  The  task  of  the  western  party  of  the  survey  for  this  year  has  been  to  determine 
the  character  of  the  deposits  of  coal  and  iron  in  the  easternmost  part  of  the  Green  River 
coal  field. 

"  So  far  our  efforts  have  been  richly  rewarded.  In  the  section  where  our  work  has 
hitherto  lain,  in  the  territory  between  Bear  Creek  and  Nolin  River,  and  for  a  certain 
distance  to  the  east  and  west  of  those  streams,  we  have  determined  the  position  and 
character  •£  sources  of  supply  for  fumkces  and  coal  mines  unexcelled  by  any  in  the 
State.  At  lea^t  two  veins  of  workable  coal,  of  good  quality  for  steam  purposes,  and 
sufficient  thickness  for  profitable  working,  have  been  satisfactorily  determined. 

'*Oneof  these  veins  is  4  feet  in  thickness;  seems  to  carry  its  thickness  well;  is 
admirably  disposed  for  drainage,  and  could  be  mined  as  cheap  as  any  coal  in  Ken- 
tucky. Aualysis  seems  to  show  that  it  will  answer  well  for  making  coke  suitable  for 
iron  smelting. 

"  The  point  of  most  interest,  however,  is  the  rich  and  extensive  series  of  ore  beds 
which  have  rewarded  our  search.  Not  less  than  five  different  beds  appear  at  various 
points  in  the  heights  of  the  hills.  Of  these,  one,  a  bed  of  3  to  5  feet,  or  more,  in  thick- 
ness, of  oolitic  ore,  contains  about  37  per  cent,  of  iron,  in  a  very  favorable  combination 
for  making  metal  of  good  quality.  This  bed  has  already  been  traced  over  an  area 
of  about  20  square  miles,  and  will  in  itself  furnish  ore  for  50  furnaces  for  centuries  to 
come.  Two  other  ores  promise  good  results,  though,  owing  to  the  densely  wooded 
condition  of  the  country,  we  have  not  been  able  to  trace  them  out  the  whole  area  as 
well  as  the  overlying  oolitic  ore. 

**  The  timber  in  this  section  is  of  excellent  quality  for  the  uses  of  the  miner  and  iron- 
worker. There  is  an  abundance  of  wood  suitable  for  charcoal  and  for  the  supports  of 
mines,  dec.  Limestone,  of  excellent  quality  for  furnace  use,  is  found  at  the  base  of 
the  bills,  and  stone  suitable  for  the  masonry  of  furnaces  can  oe  had  at  every  point. 

**  1  am  thoroughly  satisfied  that  this  region  is  full  of  promise,  and  that  it  only  wants 
capital  and  energy  to  give  it  development.  With  the  revival  of  the  iron  industry  from 
the  late  panic,  a  restoration  which  seems  just  at  hand,  I  am  confident  that  this  region 
will  come  to  the  knowledge  of  the  world.  #  #  #  » 

"Here  is  a  noble  river,  with  unfailing  water-power,  and  with  4,000  square  miles  of 
the  best  coal  and  iron  in  the  West,  a  good  soil,  noble  forests  of  manufacturing  woods, 
and  a  good  climate. 

"tub  nolin  river  district. 

"In  Edmondson  and  Grayson  Counties,  north  of  Green  River,  between  Nolin  River 
and  Bear  Creek,  is  an  area  of  considerable  size,  called  the  Nolin  River  district.  The 
ores  of  this  region  are  stratified  carbonates  and  limonites,  found  near  the  base  of  the 
coal  measures.  The  ore  of  most  value  occurs  above  the  couglomorate.  It  is  about  4 
feet  thick,  and,  so  far  as  present  developments  indicate,  underlies  an  area  of  large 
extent.  It  is  almost  wholly  undeveloped.  A  number  of  years  since  a  small  charcoal 
furnace  was  established  on  the  Nolin  River,  but  it  was  so  far  from  market,  and  trans- 
portation of  the  iron  was  so  expensive,  that  the  enterprise  soon  failed.  It  ran  long 
enough,  however,  to  establish  the  fact  that  an  excellent  iron  could  be  made  from  these 
ores. 

"The  following  aualysis,  by  Dr.  Peter  and  Mr.  Talbutt,  shows  the  quality  of  a  sam- 
ple of  this  ore  from  near  the  head  of  Beaver  Dam  Creek,  in  Edmondson  County : 

Iron  peroxide 52.926 

Alumina 4.729 

Manganese 210 

Lime  carbonate 180 

Magnesia 425 

Phosphoric  acid 355 

Sulphuric  acid 143 

Silica  and  insoluble  silicates 30. 580 

Combined  water 10.400 

Total 100.011 

Metallic  iron 37.048 

Phosphorus 154 

SulpbuT 057 


• 
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**In  addition  to  the  great  amoiiut  of  timber  available  for  charcoal,  etoue  coal  occurs 
in  the  same  region.  This  coal  is  lowest  of  the  series,  and  is  of  most  excellent  quality, 
analysis  showing  it  to  be  far  superior  to  the  higher  coals  of  Western  Kentucky,  which 
are  the  ones  most  generally  mined.  The  region  is  now  more  accessible  than  formerly, 
as  it  lies  within  15  miles  of  the  Louisville,  Paducah,  and  Southwestern  Railroad,  but 
the  lack  of  transportation  facilities  directly  to  it  has  prevented  its  development. 

''The  aggregate  amount  of  ore,  coal,  and  timber  suitable  for  charcoal  in  this  region 
is  Immense  and  offers  great  opportunities  for  development.  It  is  one  of  the  most 
richly  endowed  undeveloped  iron  regions  of  the  State. 

**In  many  other  localities  in  the  western  coal  field,  iron  ores  have  been  found,  but 
they  have  not  been  thoroughly  prospected,  and  little  is  known  of  their  extent.  One 
of  the  best  known  localities  of  this  sort  is  in  Muhlenburg  County.  In  this  county  are 
found^  at  Airdrie  Furnace,  on  Green  River,  and  at  Buckner  Furnace,  near  Greenville, 
deposits  of  so-called  black-band  iron  ore,  a  ferru^nous  bituminous  shale,  yielding 
about  30  per  cent,  of  iron.  At  Airdrie  Furnace  this  coal  rests  immediately  above  an 
excellent  coking  coal,  and  the  two  can  be  mined  together  very  cheaply. 

"At  this  place  iron  can  be  produced  very  cheaply  oy  bringing  ore  from  the  Cumber- 
land River  region  and  using  it  in  admixtiire  with  the  native  ore. 

**For  a  more  detailed  description  of  this  locality,  see  report  in  second  volume,  new 
series,  Kentucky  Geological  Reports,  on  the  Airdrie  Furnace." 

The  mineral  wealth  of  the  Green  River  Valley  as  a  whole  can  be  best  understood  by 
a  careful  examination  of  the  following  tabular  statements  of  ^iron  and  coal.  These 
statements  are  collected  from  the  various  reports  of  the  State  geologist,  and  carry 
with  them  the  full  weight  of  that  high  authority. 

114  E 
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APPENDIX   X.  1813 

In  order  to  get  the  most  reliable  information  relative  to  the  wealth  and  productions 
of  the  upper  valley  of  the  Green,  I  applied  to  Gen.  James  A.  Dawson,  of  Munford- 
ville,  and  in  response  received  a  communication  firom  which  the  following  is  extracted : 

**The  country  within  the  influence  of,  and  which  will  be  benefited  by,  the  proposed 
extension  of  navigation  on  the  Green  and  Barren  Rivers,  embraces  the  counties  of  War- 
ren, Allen,  Barren,  Monroe,  Metcalf^  Green,  Adair,  and  Edmondson,  comprising  an 
area  of  fully  5,000  square  miles.  This  area  contains  a  large  part  of  the  finest  farming 
land  in  the  State.  It  is  pre-eminently  the  tobacco  belt,  in  which  is  grown  a  larger 
quantity  of  that  staple  than  in  any  other  section  of  the  Union,  embracing  all  graues 
n'om  the  finest  bright  wrapper  to  the  heaviest  shipping  leaf.  It  is  in  some  respects  a 
peculiar  region,  being,  as  it  were,  a  valley  on  the  summit  of  a  plateau. 

*'  Muldratigh's  Hill,  a  spur  from  the  Cumberland  Mountains,  extends  to  the  Ohio 
River,  near  the  mouth  of  Salt  River,  and  rises  to  the  height  of  600  feet  above  the  water 
level  of  the  Ohio  at  the  mouth  of  the  Green,  and  has  been  not  inaptly  styled  a  range 
of  hills  with  but  one  face.  Upon  the  top  of  this  hill,  in  Hardin  and  Marion  Connties, 
stretches  out  southwardly,  for  the  distance  of  more  than  100  miles,  a  table  land,  on 
which  is  situated  the  Green  River  Valley,  including  the  counties  before  mentioned, 
and  the  southern  declivity  being  near  the  Cumberland  River.  This  valley  contains, 
developed  and  undeveloped,  the  elements  of  national  wealth  to  an  almost  incalcuablo 
amount. 

**  It  is  now,  though  not  half  developed,  a  very  fine  farming  country.  I  have  been  at 
some  pains  to  gather  data,  and,  though  the  past  year,  1879,  was  very  far  from  being 
an  average  in  the  yield  of  farm  products,  it  may  be  safely  stated  that  in  the  counties 
aforesaid  there  were  gathered  and  fatted,  as  the  crop  for  the  year,  the  following,  in 
round  numbers,  viz,  of  tobacco,  20,000,000  pounds ;  of  hogs,  135,000  head ;  of  hay,  25l000 
tons ;  of  com,  10,000,000  bushels ;  of  wheat,  1,000,000  bushels ;  besides,  oats,  rye,  bar- 
ley, and  potatoes  in  large  quantities,  and  fruits  of  all  grades  adapted  to  the  climate  in 
the  greatest  abundance.  Almost  tne  entire  valley  is  admirably  adapted  to  grazing 
purposes,  blue  grass  being  indigenous  to  most  of  it,  and  orchard  and  other  passes, 
and  clover  growing  very  nnely  on  the  whole  tract  of  country.  ^  At  the  present  tune  the 
yield  of  cattle  is  by  no  means  inconsiderable,  and  there  is  no  section  of  the  Union 
better  suited  for  the  raising  of  sheep,  horses,  and  mules.  Moreover,  there  are  im- 
mense forests  of  superior  timber  and  vast  beds  of  the  best  iron  ore,  which  only  need 
the  facilities  of  cheap  transportation  to  insure  their  development.  Many  years  ago 
there  were  two  large  furnaces  and  a  forge  profitably  operated  in  Hart  County  and  one 
in  Edmondson  County,  and  there  are  beds  of  the  finest  quality  of  iron  ore  in  said 
counties  and  in  Grayson  County  sufficient  to  supply  the  United  States  for  the  next 
century.  The  opening  of  arteries  of  cheap  transportation  in  other  sections  of  the 
country  compelled  the  abandonment  of  these  manufactories  of  iron,  but  if  Green 
River  be  ma<le  reliable  as  an  outlet  to  market  at  rates  as  low  as  elsewhere,  these  fur- 
naces will  again  doubtless  be  soon  in  blast." 

An  account  of  Rough  Creek,  by  Mr.  A.  B.  Baird,  has  been  kindly  •ontributed  to  this 
report,  and  from  its  authorship,  as  weU  as  the  much  valuable  information  it  contains, 
is  well  fitted  to  constitute  a  portion  of  any  general  treatise  on  the  Green  River  and 
its  resources.     Mr.  Baird  says : 

*^  Rough  Creek  rises  out  of  what  is  known  as  Big  Spring,  at  the  comer  of  the  connties 
of  Meaile,  Hardin,  and  Breckinridge ;  all  of  these  counties  corner  in  said  spring.  The 
creek  that  issues  from  the  spring  is  soon  joined  by  other  streams  fed  by  springs,  and 
within  a  very  few  miles  is  large  enough  to  turn  a  mill  most  of  the  year.  The  country 
around  the  head  of  this  fork  (the  south  fork)  is  an  underdrain  country  for  the  most 
part,  and  of  limestone  formation.  From  the  mill  already  alluded  to,  as  the  creek  flows 
on  and  is  joined  by  other  tributaries,  other  mills  have  been  built.  The  largest  tribu- 
tary" is  Big  Clifty,  from  the  south. 

"The  general  course  of  Rough  Creek  is  west.  After  a  course  by  the  devious  wind- 
ing of  30  miles  it  is  joined  by  the  North  Fork,  which  is  somewhat  smaller  than  the 
South  Fork.  The  South  fork  forms,  first,  the  dividing  line  between  Breckinridge  and 
Hardin  Counties ;  then  between  the  fonner  and  Grayson  County.  At  the  junction  of 
the  two  forks  the  stream  has  increased  to  a  width  of  100  to  220  feet.  This  point,  the 
junction,  is  15  miles  above  the  Great  Falls,  the  site  of  Green's  Mill,  and  the  slackwater 
from  Green's  Dam  extends  up  to  and  above  the  forks.  Between  the  forks  and  Green's 
Mill  it  receives  a  large  tributary,  Rock  Lick,  fix>m  the  north.  The  water-power  at 
Green's  is  as  fine  as  any  in  the  West:  grinding,  sawing,  carding,  spinning,  and  weav- 
ing are  all  done  at  this  point,  and  tne  stream  is  spanned  by  an  iron  bridge,  recently 
constructed  by  the  counties  of  Breckinridge  and  Grayson. 

"After  leaving  Green's  Mill,  the  first  tributary  of  much  size  is  Pond  Run,  from  the 
north,  which  is  the  dividing  line  between  Breckinridge  and  Ohio  Counties,  and  nearly 
opposite  is  Short  Creek,  frxim  the  south.  This  creek  is  only  2  miles  long :  comes  from 
the  ground  a  full-fledged  creek,  that  runs  a  mill  most  of  the  year,  which  is  only  100  or 
200  yards  from  its  source,  and  another  mill  is  on  the  same  creek,  before  its  junction 
with  Rough  Creek. 
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**  Passing  on  down  the  stream,  the  next  tributaries  are  Brown's  Creek  and  Mistaken 
from  the  south  and  Rosson's  Fork  from  the  north.  Near  this  place  is  Hite's  Fall,  a 
beautiful  perpendicular  fall  of  4  feet.  At  this  point  the  formation  changes  from  lime- 
stone to  a  mixture  of  sandstone,  and  a  few  miles  below  the  limestone  is  nearly  entirely 
wanting. 

'^  A  few  miles  below  these  falls  is  the  mouth  of  Caney,  the  largest  and  most  impor- 
tant tributary  of  Rough  Creek.  It  is  from  the  south  and  has  been  navigated  by  flat- 
boats  and  rafts  for  more  than  20  miles.  A  short  distance  below  Caney  is  Huff  Creek 
from  the  north,  and  3  or  4  miles  still  lower  down  it  receives  Adams's  Fork,  the  second 
tributary  in  size  and  importance.  It  is  navigable  for  rafts  for  a  number  or  miles. 
This  tributary  is  from  the  north.  Below  this  4  or  5  miles  is  Hines's  Mill,  on  Rough 
Creek,  where  there  is  a  large  custom  mill,  with  sawing  and  grinding,  and  carding,  &c. 
This  point  is  12  miles  by  laud  from  Hartford,  and  the  x>oint  where  the  road  from  that 
place  to  Fordsville  crosses  the  creek. 

**  Descending  the  creek  we  have  from  the  north,  Hedges,  Storer,  and  Bear  Runs,  and 
on  the  south.  Hall's  Creek,  Morrison's,  and  Mill  Run,  which  brings  us  down  to  Hartford,, 
the  county  seat  of  Ohio  County ;  Rough  Creek  being  wholly  in  the  coimty  of  Ohio 
after  passing  the  mouth  of  Brown's  Creek.  At  Hartford  there  is  a  fine*  custom  mill 
for  grinding  com  and  wheat,  carding,  spinning,  weaving,  &:c.,  and  the  creek  is  spanned 
by  a  bridge  of  wood,  shortly  to  be  superseded  by  an  iron  one. 

**  From  this  place  to  the  intersection  of  Green  River  is  28  miles  by  the  creek,  and  it 
has  No  Creek,  Bamett's  Creek,  and  Sandy  from  the  north ;  Bevis  Lick,  Walton's 
Muddy,  and  Grassy  from  the  south. 

'^  A  stock  company  built  a  lock  on  the  creek  8  miles  above  the  mouth  shortly  after 
the  war,  that  gave  slack  water  to  Hartford,  and  numerous  steamers  ran  in  the  creek, 
making  regular  trips  and  doing  a  large  business,  and  one  that  was  profitable  alike  to 
the  steamers  and  the  shippers.  These  steamers  were  from  100  to  125  feet  long,  and 
during  the  whole  time  navigation  was  kept  up  not  one  single  accident  occurred.  But 
when  Green  River  was  transferred  to  a  company  the  tolls  were  made  so  high  that  the 
boats  were  all  compelled  to  leave  the  creek. 

**  The  steamers  haviif^  left,  the  lock  was  not  worth  attending  to ;  was  abandoned  by 
the  company,  and  the  work  went  down. 

^' Rough  Creek  is  as  large  at  Green's  Mill  as  at  Haii;ford,  and  even  above  the  falls 
to  the  forks  (15  miles)  there  is  no  ^)erceptible  difference  in  width.  In  summer  and  fall 
as  much  water  passes  at  Green's  Mill  as  at  Hartford,  as  shown  by  the  number  of  square 
inches  in  the  water  let  to  the  mills  at  these  points.  I  am  fortified  in  this  statement 
by  the  experience  of  Joseph  P.  Hunter,  an  experienced  millwright,  who  has  rebuilt 
the  mills  at  both  the  ])ointH  contrasted. 

"As  to  the  probable  number  of  locks  that  would  be  required  to  slackwater  it  to  the 
falls  at  Green's  Mill,  an  approximation  is  all  that  can  now  be  stated.  A  survey  only 
can  determine  the  number  and  height  of  the  locks  and  dams.  The  instrumental  sur- 
vey of  the  28  miles  from  Hartford  to  Green  River  showed  a  fall  of  17  feet;  4  feet  of 
this  was  overcome  by  the  slackwater  from  the  river. 

"  I  would  propose  as  the  location  of  locks  as  follows :  No.  1  at  or  near  the  site  of 
the  company's  old  lock,  8  miles  from  the  mouth ;  No.  2  at  Hartford ;  No.  3  at  some 
point  say  15  miles  above  Hartford,  by  the  stream;  No.  4  at  Hines's  Mill ;  and  No.  5  at 
Hite's  Falls.  This  work  would  give  slackwater  to  the  Great  Falls  at  Green's  Mill,  103 
miles  by  the  creek  from  its  mouth. 

"The  creek  is  flanked  on  both  sides  by  a  forest,  comprising  all  the  varieties  of  oak, 
with  poplar,  black  and  white  walnut,  hickorj',  gum,  cherry,  persimmon,  birch,  and 
elm,  with  an  undergrowth  of  dogwood,  red-bud,  pawpaw,  and  spice  brush.  Much  of 
the  poplar  and  oak  have  been  run  as  rafts  to  Evansville  and  other  markets,  or  made 
into  staves  and  carried  in  tlatboats  to  New  Orleans,  but  tliere  is  a  vast  and  almost 
inexhaustible  quantity  yet  on  or  contiguous  to  the  creek.  There  are  also  many  other 
kinds  of  timber  than  those  named  that  are  very  valuable,  such  as  chestnut,  maple, 
locust,  and  catalpa.  Around  the  falls  there  are  vast  forests  of  chestnut-oak,  which 
produces  the  finest  taubark  known  to  tanners. 

"It  is  not  known  certainly  that  minerals  can  be  found  in  the  limestone  formation, 
but  near  where  this  changes  to  sandstoue  lead  has  been  found,  and  considerable 
mining  done  for  it ;  but  from  the  want  of  experience  and  capital  on  the  part  of  those 
engaged  in  it,  and  for  want  of  reliable  and  cheap  transportation,  operations  have 
been  suspended.  At  other  points  on  the  creek,  between  Hines's  Mill  and  Hartford,  lead 
has  been  found. 

"As  soon  as  the  crock  enters  the  sandstone  formation  it  is  flanked  on  each  side  by 
beds  of  bituminous  coal,  from  2  to  6  feet  thick;  these  v^eins,  for  want  of  reliable  navi- 
gation, have  been  operated  only  for  neighborhood  purposes.  This  coal-field  extends 
to  the  mouth  of  the  creek,  a  distance  of  80  miles  by  the  creek  In  this  section  of  the 
creek  iron  ore,  in  vast  quantities,  is  found ;  at  one  place  e8i>ecially,  some  eight  miles 
above  Hartford,  is  a  deposit  that  has  been  called  *  Iron  Mountain'  from  the  vast  deposit 
of  that  ore  at  that  point.     Along  the  creek,  or  contiguous  to  it,  are  many  mineral 
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Rpriugs,  tlie  most  celebratod  of  wliich  is  White  Salphur,  2  miles  from  Hities's  Mill;  salt 
has  been  fouDd  at  many  places,  and  many  wells  were  worked  in  the  primitive  days  of 
the  State. 

''An  air  line  from  the  falls  at  Green's  Mill  to  the  mouth  of  the  creek  is  about  45 
miles.  The  nearest  points  of  the  creek  to  the  Ohio  River  are  from  Green's  Mill  to 
Cloverport.  24  miles,  and  from  Hartford  to  Owensborough,  27  miles.  The  distance  from 
Green's  Mill  to  the  Paducah  and  Elizabethtown  Railroad  at  Caneyville  is  15  miles,  and 
from  Hartford  to  same  road  is  5  miles.  The  slackwatering  of  Rough  Creek  will  make 
it  a  competitor  for  the  trade  of  the  country  to  an  equidistant  point  from  it  to  the  Ohio 
River  and  the  railroad,  and  will  give  the  creek  .a  monopolv  in  carrying  minerals. 
Thus  the  slackwater  of  Rough|Creok  will  have  the  trade  of  more  than  1,000  square 
miles  of  good  average  farming  land  of  this  section  of  the  State,  not  over  one-half  of 
which  is  now  cultivated.  This  is  in  the  heart  of  the  best  tobacco  belt  in  the  State, 
and  produces  corn,  wlieat,  oats,  and  the  very  best  hay,  besides  all  of  the  smaller  ear- 
den  products.  I  would  mention  also  that  rough  Creek  is  considered  one  of  the  best 
streams  for  fish  in  the  State.  A  large  number  of  the  improved  breeds  have  been  placed 
in  it,  and  they  are  found  to  be  prospering  finely. 

''Rough  Ciioek  nms,  by  its  meanderings,  through  Ohio  County  about  80  miles,  divid- 
ing the  county  in  proportion  of  three-sevenths  on  the  north  and  four-sevenths  on  the 
south.  The  county  is  prospering  and  increasing  in  population  as  no  other  county  of 
the  State  that  has  no  large  towns  or  cities  in  it.  The  last  return  of  votes  showed  4,200. 
Fruits  of  all  kinds  flourisn  and  do  well,  and  besides  the  lar^e  timber  I  have  mentioned 
I  failed  to  mention  hoop  poles :  they  are  abundant  and  inexhaustible,  as  the  same 
ground  can  be  cut  over  every  three  or  four  years.  Horses,  cattle,  hogs,  sheep,  and 
mules  are  healthy.  Land  is  cheap  along  the  creek,  which  would,  by  the  slackwater- 
ing, be  trebled  in  a  few  years.    Bough  Creek  i$  the  larfeet  creek  in  the  world. — ^A.  B.  Baird." 

The  general  characters  of  Green  and  Barren  Rivers  differ  in  several  respects  very 
strikDigly  from  those  of  the  Kentucky  River,  as  observed  in  the  course  of  tke  survey 
of  that  stream  in  the  autumn  of  1878.  The  Kentucky  River  contains  nothing  that 
deserves  the  name  of  an  island,  from  its  source  to  its  month.  The  Green  and  the 
Barren  are  full  of  islands,  and  they  seem  to  increase  in  size  and  frequency  as  you  as- 
eend  the  streams.  The  Kentucky  Kiver  is  mainly  fed  by  copious  surface  streams,  and 
has  notably  few  large  springs  discharging  into  it.  The  Green  River,  especially  the 
upper  portion  of  it,  nas  out  a  small  number  of  surface  tributaries,  while  in  great  gash- 
ing spring  it  seems  to  excel.  These  springs  occur  almost  in  sight  of  one  another  along 
the  margin  of  the  upper  river,  and  are  of  such  capacity  as  frequently  to  be  used  for 
running  mills.  They  constitute  the  principal  feeders  of  the  river.  This  phenomenon 
mggesto  the  possibiUtf  of  difficulty  m  maintaining  pools,  since  it  is  not  improbable 
that  in  some  cases  at  least  the  water  comes  by  underground  passages  from  the  river 
above. 
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Table  D. — Estimated  cost  of  the  proposed  extension  of  slackwater  in  the  Big  Barren  River, 

Kentucky, 


Namberof  lock!, 


Locality. 


EzcavatioD  below  water,  rock, 
cabic  yards , 

Excavation  below  water,  earth, 
cubic  yards , 

Sxcavation  above  water,  rock, 
cubic  yards 

Excavation  above  water,  earth, 
cubic  yards 

Timber  in  locks,  linear  feet 

Timber  in  locks,  feet,  board  meas- 
ure  , 

Timber  in  dams,  linear  feet 

Timber  in  dams,  feet,  board  meas- 
ure  

Timber  in  guide  walls,  linear  feet. 

Masonry  in  locks,  ashlar,  cubic 
yards 

Masonry  in  locks,  rubble,  cubic 
yards 

Masonry  in  abutments,  rubble, 
cubic  yards 

Paving,  cubic  yards 

Iron  in  locks,  wrought,  pounds. . . 

Iron  in  locks,  cast,  pounds 

Iron  in  dams,  wrought,  pounds. . . 

Iron  in  guide  walls,  wrought, 
pounds ! 

Kock  filling  in  dams,  cubic  yards. . 

Bock  filling  in  guide  walls,  cubic 
yards 

Gravel  backing,  cubic  yards 

Embankments 


2. 


Bowling  Green. 


Number. 


4,472 


Clearing  banks  and  bed  of  river, 

per  pool , 

Incidentals  and  contingencies 


Total  cost  at  each  site. 


4,312 

2,074 
10,788 

141,626 
48,750 

167,500 
18,200 

8,320 

2,489 

666 
800 

14,800 
0,200 

57,808 

7,092 
3,000 

1,440 

6,000 

800 


Price. 


$2  25 


Amount 


$10, 062 


75 

17 
09 

025 
07 

02 
07 

8  00 

600 

4  00 

1  50 
06 
04 
06 

06 
50 

50 
50 
15 


3,234 

354 
971 

3,541 
3,413 

3,350 
1,274 

26,560 

14,934 

2,664 

1,200 

888 

368 

3,474 

426 
1,500 

720 

3,000 

45 


3. 


Brake's  Creek. 


81,978 

4,410 
12,958 


99,346 


Number. 

Price. 

1,965 

$2  00 

1,660 

75 

2,200 

17 

10,788 

09 

127,632 

025 

28,600 

07 

100,500 

02 

25,200 

07 

2,972 

8  00 

2,077 

600 

1,481 

4  00 

600 

1  50 

14,200 

06 

9,200 

04 

34,310 

06 

8,326 

06 

4,488 

50 

1,600 

50 

2,000 

40 

650 

15 

Amount 


$3,930 


1,245 

374 
971 

8,191 
2,002 

2,010 
1,764 

23,776 

12,462 

5,924 
900 
852 
368 

2,059 

500 
2,244 

800 

800 

98 


Toua 

cost  on 

BigBar- 

renKirer. 


66,270 

2,700 
10,345 


79, 315 


$178, 661 
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In  the  exeoation  of  tills  work  I  was  principally  aided  by  Hugh  R.  Ayres,  B.  R.  Tor- 
ner,  and  F.  M.  Pryor.  To  these  gentlemen,  but  especially  to  Mr.  Ayres,  my  thanks  are 
due  for  an  unusually  faithful  performance  of  the  several  duties  committed  to  their 
charge. 

Very  respectfully  8ubmitte<l. 

H.    H.   FlTZHtJGH, 

Assistant  Engineer. 
Col.  Wm.  E.  Merrill, 

Major f  Corps  of  Engineers,  U,  S,  A. 


Appendix  A. 

AN  ACT  to  incorporate  the  Green  and  Barren  River  Kavigatiou  Company. 

Whereas  the  Green  and  Barren  River  line  of  navigation  has  always  been  a  charge 
upon  the  State,  and  is  now  largely  in  debt  and  without  prospect  of  any  better  conai- 
tion ;  and  whereas  it  is  of  great  importance  to  the  countiy  to  keep  said  line  in  work- 
ing order  and  at  the  same  time  to  avoid  any  public  expense  if  possible,  and  believing 
thftt  object  can  be  accomplished  by  letting  it  to  an  incorporated  company :  Therefore, 

^e  it  enacted  by  the  general  assembly  of  the  commanwealth  of  Kentucky : 

^  1.  That  J.  A.  Robinson,  J.  V.  Sprowle,  W.  S.  Vanmeter,  C.  J.  Vanmeter,  E.  B 
Sceley;  H.  C.  Murrell,  Wm.  Brown,  D.  C.  Turner,  C.  J.  Smallhouse,  and  their  associates 
and  successors,  be,  and  they  are  hereby,  created  a  body  corporate  with  the  name  and 
style  of  the  Green  and  Barren  River  Navigation  Company,  and  shall  have  perpetual 
succession  during  the  term  of  thirty  yeai*s,  and  in  that  name  may  sue  and  be  sued, 
make  contracts,  and  transact  all  their  legitimate  business  as  a  corporation ;  may  use' 
and  change  their  common  seal ;  and  make  suitable  by-laws  for  the  regulation  of  the 
affairs  of  the  company  and  to  regulate  their  elections  to  till  offices,  vacancies,  and  in 
all  things  not  inconsistent,  with  the  laws  of  the  land. 

^  2.  That  the  said  Green  ap4  Barren  River  line  of  navigation  and  their  tributaries, 
together  with  the  grounds,  houses,  water-works,  rents,  profits,  tools,  machinery,  im- 
plements, and  appurtenances,  and  all  the  franchises  thereunto  belonging  or  appertain- 
ing, be,  and  the  same  are  hereby,  loaned  and  conveyed  unto  the  corporators  named  in 
the  first  section  of  this  act,  and  to  their  associates,  successors,  executors,  heirs  and  as- 
signs, for  and  during  the  term  of  thirty  years  from  and  after  the  time  they  get  posses- 
sion thereof;  and  it  shall  be  the  duty  of  the  governor  of  this  commonwealth  to  cause 
possession  thereof  to  be  delivered  unto  them  as  soon  after  the  passage  of  this  act  as 
they  or  any  of  them  who  may  choose  to  accept  may  give  notice  of  readiness  to  receive 
it,  upon  their  comi)lyinff  witn  all  the  conditions  precedent  herein  provided. 

$  3.  The  business  of  the  company  may  be  to  use  and  suffer  to  be  used  said  line  of 
navigation  for  all  purposes  of  navigation,  and  also  the  water-power,  property,  rights, 
appurtenances,  and  all  the  franchises  thereunto  belonging,  as  they  may  direct,  not  in- 
consistent with  the  purposes  of  said  line,  as  expressed*  by  law ;  and  as  an  auxiliary  to 
said  business,  and  to  facilitate  commerce  and  trade,  and  to  develop  the  resources  of 
wealth  along  sard  line,  it  may  also  be  their  business  to  open  and  work  coal  mines  and 
other  mines  and  to  deal  in  the  products  thereof,  as  also  in  the  j>roducts  of  the  country 
and  other  thiugs  as  well  as  in  the  work  of  macliinery  and  navigation  on  said  line.  They 
may  also  lease,  buy,  sell,  hold,  and  otherwise  acquire  and  dispose  of  any  real  and  per- 
sonal estate,  by  any  manner  not  prohibited  by  law,  the  same  as  a  natural  person,  and 
may  do  all  necessary  or  advantageous  acts  in  the  same  way,  in  the  transaction  of  their 
business,  not  inconsistent  with  the  constitution  of  this  State  or  of  the  United  States. 

$  4.  It  shall  be  the  business  and  duty  of  said  company  to  use  due  diligence  in  keep- 
ing up  said  line  of  navigation  in  good  repair,  and  to  return  it  and  all  its  appurt-enances, 
at  the  expiration  of  the  lease,  in  good  condition,  as  at  present,  or  unless  prevented  from 
so  doing  by  unavoidable  causes,  and  to  hold  the  State  harmless  in  the  premises,  and 
to  pass  and  permit  all  boats,  crafts,  and  other  things  to  navigate  said  rivers,  according 
to  certain  specified  rates  herein  prescribed  as  tolls,  which  shall  inure  to  said  company. 

$  5.  [Organization,  «fcc.,  of  company]  •  *  *  and  a  prior  lien  is  hereby  retained 
by  the  commonwealth  against  all  the  property,  rights,  and  francliiscs  of  said  company, 
as  security  to  said  commonwealth  for  the  faithful  performance  of  all  the  duties  herein 
imposed  upon  said  company ;  and  no  individual  of  said  company  shall  be  bound  for 
said  company  beyond  the  interest  he  may  have  therein. 

^  6.  All  tolls  sliall  inure  to  the  company,  and  the  rate  of  toll  on  passenger  and  freight 
steamboats,  and  other  boats  carrying  freignt,  other  than  coal  or  stone,  shall  be  regulated 
by  their  full  hull  or  deck  tounage,  according  to  the  custom-house  rules  as  to  the  man- 
agement of  tonnage :  Provided^  That  the  rate  of  toll  for  such  boats  passing  such  looks 
shall  not  exceed  per  ton,  measure<l  as  aforesaid,  fifty  cents  at  the  first  lower  lock,  and 
thirty  cents  at  the  second,  and  twenty  cent«  at  the  third,  and  ten  cents  each  at  tha 
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two  other  upper  lockn,  and  same  for  retnming ;  and  for  each  passenger^  and  for  all 
other  boats,  barges,  skiffs,  and  other  water-crafts,  loaded  and  empty,  including  rafts 
and  other  things  passing  said  rivers,  they  may  establish  tolls  from  time  to  time  not 
exceeding  the  present  rates  established  by  the  board  of  internal  improvement  as  ap- 
plicable t<o  the  Kentucky,  Green,  and  Barren  River  lines  of  navigation  at  this  time. 

i  7.  [Transfers  of  interest,  &c.] 

^  8.  [Liabilities  for  damages.  1 

^  9.  [Steamboats,  rafts,  Ac,  snail  obey  company ^s  rules.] 

$  10.  [Penalty  for  willful  injury  of  works.] 

$  11.  It  shall  be  the  duty  of  the  company,  or  snch  of  them  as  may  choose  to  accept 
the  provisions  of  this  charter,  together  with  their  associates  whom  they  may  choose 
to  associate  with  them,  to  execute  their  bond  to  the  commonwealth  of  Kentncky,  with 
secnrity,  the  solvency  of  which  to  be  approved  by  the  governor  of  said  commonwealth, 
and  be  attested  by  him  under  the  seal  of  his  office,  which  bond  shall  be  in  duplicate, 
one  copy  to  be  retained  by  the  State  and  the  other  by  the  company.  The  conditions 
of  the  bond  shall  be  as  follows:  '^In  consideration  of  the  undistnrbed  possession  of 
the  Green  and  Barren  Kiver  line  of  navigation  and  its  tributaries,  together  with  its 
gronnds,  houses,  water-powers,  rents,  profits,  tools,  machinery,  implements,  appurte- 
nances, and  all  its  franchises  thereunto  belonging  or  appertaining,  now  to  be  delivered 
to  us,  the  undersigned,  to  hold  for  thirty  years,  under  an  act  of  tne  legislature  incor- 
porating the  Green  and  Barren  River  Navigation  Company ;  we  accei)t  the  same,  and 
as  a  company  aforesaid,  are  bound  hereby  in  the  penal  sum  of  five  hundred  thousand 
dollars,  to  perform  the  duties  and  obligations  imposed  by  said  act  of  the  legislature ; 
and  to  return  the  same  in  good  order,  as  set  out  in  said  act,  subject  to  the  conditions 
therein  expressed.     Given  under  our  hands  and  corporate  seal  of  said  company  this 

day  of ,  18 — ,"    Which  bond,  being  executed  by  the  parties  aforesaid,  and 

approved  as  aforesaid,  and  attested  by  the  sovemor,  shall  entitle  the  company 
and  their  associates  to  all  the  rights  conferred  by  this  act :  Provided,  however.  That 
said  company  may  associate  others  with  them  before  or  after  the  execution  of  said 
bond :  And  provided  furthrr,  That  the  commonwealth  shall  have  a  lien  npon  all  the 
property  of  said  company  to  secure  a  compliance  with  the  stipulations  of  said  bond. 

^  12.  This  act  to  be  in  force  from  its  passage. 

Apj)roved  March  9,  1868. 


AN  ACT  to  anieud  and  oxplain  an  act  entitled  "An  act  to  incoi'porate  the  Green  and  Barren  River 

Narigfttion  Company,"  approved  Marcn  9,  1868. 

Whereas  an  act  entitled  "An  act  to  incorporate  the  Green  and  Barren  River  Naviga- 
tion Company,''  approved  March  9,  1868,  authorizing  said  company  to  collect  certain 
tolls  from  boats  and  other  thincs  navigating  said  rivers  according  to  the  rates  estab- 
lished by  the  board  of  internal  improvement,  as  then  applicable  to  the  Kentucky, 
Green,  and  Barren  River  lines  of  navigation,  and  whereas  the  rates  so  established  as 
applicable  to  the  Kentucky  River,  are  not  deemed  applicable  to  Green  and  Barren 
Rivers,  and  are  misleading ;  and  whereas  complaints  have  been  made  that  said  com- 
pany have  violated  the  spirit  of  their  charter  by  giving  it  a  wrong  construction  to 
the  prejudice  of  the  public,  and  in  making  changes  not  contemplated  therein,  and 
that  are  not  authorized  by  law;  and  whereas  it  is  clear  that  said  company  have 
vested  rights  under  their  said  charter  that  cannot  be  impaired,  but  which  may  be 
confined  to  their  just  and  legitimate  limits:  Therefore  to  explain  and  limit  the  rights 
of  said  company  in  the  protection  of  the  public,  while  at  the  same  time  the  vested 
lights  of  the  said  company  must  be  respected,  it  is  now  enacted  by  the  general  assem- 
bly of  the  commonwealth  of  Kentncky : 

Sec.  1.  That  the  charges  herein  prescribed  and  limited  may  be  charged  by  said  com- 
pany against  boats,  barges,  and  things  navigating  said  line  of  navigation,  and  no 
greater  charges  therefor  shall  be  made. 

Sec.  2.  That  the  rate  of  tolls  authorized  by  said  act  to  be  charged  against  boats, 
according  to  the  tonnage  mle  or  principle,  shall  not  apply  to  boats  or  tnings  plying 
only  between  the  dams ;  but  all  boat«,  barges,  and  other  crafts  plying  only  between 
the  dams  on  slackwater  in  said  line  of  navigation  shall  not  be  required  to  pay  any 
other  or  greater  tolls  than  such  as  were  established  by  the  board  of  internal  improve- 
ment, and  that  were  in  force  at  the  time  of  the  passage  of  said  act,  and  that  were  ap- 
fdicable  alone  to  the  Green  and  Barren  River  line  of  navigation,  except  as  herein 
imit«d. 

Sec.  3.  No  boat  use^l  exclusively  in  towing  shall  be  required  to  pay  tolls  according 
to  the  nileH  of  tonna<^e  as  claimed  under  said  act.  Such  boat«,  in  passing  the  locks 
and  dams,  shall  only l)e  required  to  pay  two  dollars  therefor  at  each  lock  to  said  com- 
pany. 

^  Sec.  4.  The  charge  of  two  dollars  lockage  claimed  under  said  act  shall  not  be  paid 
on  any  raft  of  timber  jKisHiiig  said  locks  aud  dams,  but  the  charges  shall  be  as  fixed 
by  the  board  of  internal  improvement,  and  it  is  as  follows  :  for  rafts  fifteen  feet  widA 
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and  under,  three  c-euts  per  lineal  foot  at  each  lock ;  over  fifteen  feet  and  under  twenty 
feet  wide,  five  cents  per  lineal  foot  at  each  lock ;  rafts  twenty  feet  wide  and  under 
thirty  feet  wide,  six  cents  per  lineal  foot  at  each  lock ;  rafts  thirty  feet  wide  and  under 
thirty- six  feet  wide,  seven  cents  per  lineal  foot  at  each  lock. 

Sec.  5.  No  flat-boat  or  barge  starting  from  above  the  influence  of  slackwater  shall 
be  required  to  pay  any  tolls  except  for  passing  through  a  lock,  and  that  shall  not  ex- 
ceed the  rates  prescribed  by  law. 

Sec.  6.  No  flat-boat  or  barge  starting  within  the  influence  of  slackwater  shall  be 
required  to  pay  exceeding  two  dollars  lockage  and  three  cents  per  lineal  foot  of  each 
boat  or  barge  at  each  lock ;  and  the  two-dollar  lockage  herein  authorized  by  this  sec- 
tion shall  not  be  chargeable  unless  the  boat  or  barge  actually  passes  through  the  lock. 

Sec.  7.  No  flat-boat  or  barge  loaded  with  coal  or  stone  or  sawed  lumber  shall  be  re- 
quired to  pay  exceeding  two  dollars  lockage  and  six  cents  per  lineal  foot  for  such  boat 
or  barge  at  each  lock  ;  but  the  two  dollars  lockage  shall  not  be  chargeable  unless  the 
boat  or  barge  actually  passes  through  the  lock. 

Sec.  8.  This  act  shall  take  effect  and  be  in  force  from  and  after  its  jiassage. 

Approved  March  1.5,  1876. 


Acts  of  1878,  i>a</c  513,  chapter  432. 

Be  it  ettacted  hy  the  general  assembly  of  the  commonwealth  of  Kentucky : 

Sec.  1.  That  section  5  of  an  act  entitled  '^An  act  to  amend  and  explain  an  act  en- 
titled 'An  act  to  incorporate  the  Green  and  Barren  River  Navigation  Company,  ap- 
proved March  9,  1868,'  approved  March  15,  1876,"  be  amended  by  inserting  after  the 
word  barge  the  following :  ''or  rafts  of  logs  or  timber  of  any  kind." 

Sec.  2.  That  section  6  of  said  act  be  amended  by  adding  after  the  word  "barge  " 
whenever  it  occurs  in  said  section  the  following :  "or  rafts  of  logs  or  other  timber."' 

Sec.  3.  This  act  shall  be  in  effect  from  and  arter  its  passage. 

Approved  March  14, 1878. 

Appendix  D. 

commercial  statistics. 

Green  and  Barrei?  River  Navigation  Company, 

Bowling  Greeny  Ky.,  December  26,  1879. 

The  exports  of  Green  River  will  approximate  as  below  stated,  the  estin^ate  being 
taken  frt)m  the  books  of  our  company : 

Hogsheads  of  tobacco 6,000 

Bushels  of  com 100,000 

Bushels  of  wheat 30,000 

Head  of  hogs 6,000 

Head  of  cattle 2,000 

Staves 3,000,000 

Hoop-poles 1,500,000 

Saw-logs 200,000 

Lumber,  feet 2,000,000 

Bushels  of  coal 2,000,000 

The  period  embraced  in  statement  was  for  one  year ;  the  largest  portion  of  the  trade 
of  Green  River  goes  to  Evansville.  Some  staves,  hoop-poles,  antt  lumber  go  to  New 
Orleans.  Most  of  the  tobacco  goes  to  Louisville,  part  by  Bowling  Green  and  thence 
by  rail,  and  part  by  boat  via  Evansville.  The  grain  goes  to  Alabama  and  Georgia 
via  Bowling  Green,  and  thence  by  rail.  Considerable  coal  goes  out  of  the  river  to 
Evansville,  but  the  larger  part  goes  to  Bowling  Green,  and  considerable  is  shipped 
from  thence  by  rail.  The  coal  of  Green  River  is  of  superior  quality,  and  the  demand 
is  always  creator  than  the  supply,  and  the  supply  is  now  tenfold  more  than  five  years 
ago.  With  additional  slackwater  the  iron  and  coal  fields  of  Nolin  will  be  more  acces- 
sible and  largely  increase  the  supply. 

There  are  eight  steamboats  employed  on  Green  River  at  present,  two  as  passenger 
and  freight  boats,  making  two  trips  a  week,  200  miles  between  Evansville  and  Bowl- 
ing Green ;  the  others  are  engaged  in  towing  coal,  lumber,  staves,  hoop-poles,  &c.,  in 
barges,  from  along  the  river  to  Bowling  Green  and  Evansville. 

Our  mineral  deposits  are  comparatively  nndeveloped,  and  our  fertile  lands,  that  will 
produce  80  and  100  bushels  of  com  to  the  acre,  are  not  half  in  cultivation. 
I  remain,  respectfully,  yours,  &c., 

E.  B.  Skeley, 

Col.  Wm.  E.  Merrill,  Tre4xsurer^ 

Major  J  Corps  of  Emjineevs^  U.  S,  A. 
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IMPROVEMENT  OF  KENTUCKY  BIYEB,  KENTUCKY;  OP  BIG  SAJTOT 
BIVEB,  KENTUCKY  AND  WEST  VIBGINIA;  AND  OP  GUYANDOTTB 
AND  LITTLE  KANAWHA  BIYEBS,  WEST  VIBGINIA. 


report  of  captain  james  w.  cuyler,  corps  of  engineers^  offi- 
cer in  charge,  for  the  fiscal  year  ending  june  30,  1880,  with 
other  documents  relating  to  the  works, 

United  States  Engineeb  Oppice, 

Cincinnatij  OhiOj  August  3,  1880. 

Geneb AL :  I  respectfully  forward  herewith  the  annual  reports  of  opera- 
tions  for  the  fiscal  year  ending  June  30, 1880,  for  the  several  works  of  im- 
provement under  my  charge. 

Yery  respectfully,  your  obedient  servant, 

Jas.  W.  Cuyleb, 


Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  Z7.  8.  A. 


Captain  of  Engineers. 


Y  I. 

IMPROVEMENT  OF  KENTUCKY  RIVER,  KENTUCKY. 

The  first  appropriation  for  this  river,  $100,000,  was  made  by  the 
river  and  harbor  act  of  Manjh  3, 1879,  being  based  upon  the  report  of 
Maj.  W.  E.  Merrill,  United  States  Corps  of  Engineers,  on  the  survey  of 
the  Kentucky  Eiver,  dated  January  14, 1879.  The  first  and  prerequisite 
step  in  the  improvement  of  the  river  contemplated,  was  the  reconstruc- 
tion of  the  five  old  dams,  built  by  the  State  of  Kentucky  in  1835  to  1840, 
on  the  lower  82  miles  of  river,  and  the  putting  in  working  order  of  their 
corresponding  locks.  As  the  State  of  Kentucky  owned  these  works 
and  the  adjacent  land,  and  as  its  legislature  did  not  meet  till  in  the 
winter  of  1879-80,  no  work  could  be  done  during  the  working  season  of 
1879,  as  title  and  jurisdiction  could  not  be  passed  to  the  United  States 
by  the  necessary  legislation  till  after  the  legislature  convened.  A  satis- 
factory act  of  cession  to  the  United  States  of  all  this  property  having 
been  made  by  the  legislature  March  22,  1880,  I,  having  assumed  charge 
of  the  work  and  relieved  Maj.  W.  E.  Merrill,  was  instructed,  under  date 
of  April  30,  to  submit  the  necessary  projects,  and  begin  operations  upon 
approval  of  these.  As,  until  the  United  States  owned  the  works  and 
property  that  the  State  had  owned,  the  money  appropriated  was  utot 
available  for  expenditure,  no  data  or  information  whereon  to  base 
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projects  for  actual  operations  had  been  collected.  It  becoming  necessary 
to  secure  these  immediately,  careful  surveys  of  the  river  at  locks  and 
dams  Kos.  1,  2,  3,  and  4  were  set  about,  and,  though  delayed  much  by 
the  continuous  high  stage  of  water  prevailing,  were  finally  made,  and 
upon  their  results  a  detailed  plan  of  operations  matured,  having  in  view 
the  complete  restoration  of  the  old  slackwater  system  as  far  up  as  Frank- 
ford,  or  the  four  lower  locks  and  dams,  covering  80  miles  of  the  river. 
Under  this  plan,  dul}'  approved,  and  the  estimated  cost  of  which,  as 
revised  from  the  original  estimate  of  Major  Merrill  and  based  a)K>n  the 
actual  surveys,  would  exhaust  the  appropriation  of  March  3,  1879,  the 
large  amounts  of  timber,  stone,  and  iron  needed  to  reconstruct  in  toto 
dams  Nos.  1,  2,  and  3  have  been  procured,  the  necessary  boats,  plant, 
&c.,  provided,  a  large  working  force  organized  and  equipped,  and  the 
work  of  tearing  out  and  down  these  old  dams,  found  to  be  of  very  im- 
perfect construction  originally,  and  now  become  rotten  and  useless,  with 
extensive  breaches  in  them,  in  which  a  scour  had  taken  place,  ruuuing 
from  20  to  50  feet  in  depth,  was  finally  begun  in  the  early  part  of  June, 
1880,  the  earliest  moment  practicable. 

Good  progress  has  been  made  in  this  work  of  demolition  up  to  the 
30th  of  June,  and  dams  Nos.  1  and  3  are  nearly  ready  to  begin  the  new 
work  on  them.  Quarters  and  kitchens  have  been  built  at  the  three 
dams  to  accommodate  the  employes,  wells  sunk,  and  the  old  lock-keep- 
ers' houses  and  out-buildings,  which  had  lapsed  into  ruins  from  long 
neglect,  repaired  and  rendered  usable. 

Great  difficulty  has  been  experienced  in  the  practical  conduct  of  the 
work,  owing  to  the  general  scarcity  and  demand  for  labor  in  the  sur- 
rounding country,  the  total  lack  of  good  means  of  transi)ortation  for 
materials  and  supplies,  lack  of  speedy  communication  between  the  sev- 
eral works,  and  the  bad  condition  of  the  river  and  the  old  works  them- 
selves. It  is  hoped  that  these  obstacles  to  good  progress  have  now 
largely  been  overcome,  and  that  the  close  of  this  working  season  will 
see  navigation  of  the  river,  practically  suspended  for  the  past  six  years, 
reinaugurated. 

It  is  proposed  to  a])ply  the  funds  available  for  the  fiscal  year  ending 
June  30,  1881,  $100,000,  to  repair  and  renew  lock  and  dam  No.  5,  simi- 
larly to  the  four  lower  ones,  and  to  locate  and  build  lock  No.  0,  the  fii*st 
of  the  new  series  of  works  for  the  extension  of  the  slackwater  system 
up  the  river  to  the  Three  Forks,  while  with  the  appropriation  asked  for 
the  fiscal  year  1881-82,  the  dam,  a  i)ernianent  one  for  lock  No.  0,  will 
be  built,  and  lock  and  dam  No.  7  also  located  and  built,  thus  extending 
the  new  slackwater  u\)  some  50  miles. 

The  plan  on  which  the  present  improvement  is  supposed  to  be  based 
is  that  set  forth  in  the  report  to  the  Chief  of  Engineers  of  Maj.  W.  E. 
Merrill,  of  date  January  14,  1879. 

Original  cstiniatod  co8t  of  this  plan ^1 ,  074, 402  00 

Total  amount  apiiropriated : 

First  appropriation,  March  :J,  1879;  last,  June  14,  1H80 200,000  00 

Total  amount  cxpi-ndiid  to  date 1,829  09 

The  original  estimate  is  insutticient  to  carry  to  com]>letion  the  present 
l)lan,  inasmuch  as  the  revised  estimates  lor  the  work  of  repair  on  the 
live  old  works  foot  up  to  $135,000,  against  the  original  estimate  of 

$84,802. 

Probable  additional  snm  reqnired  tlien^for $50,  OOO 

Probable  amount,  exc^lusive  ot*  former  ai)j)ropriationH,  for  *' entire  and  per- 
manent completion  of  present  plan" 924,402 
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^K^    Witli  tlie  slackwater  system  "an  entire  ami  pennauent  completion" 
^^KBau  be  Hecored,  a  certain  snm  being  allowed  annaull;  fur  uiaiuteuauce 
^^■and  repairs.    The  latter  in  tbis  river  may  be  cousiderable,  aa,  owing  to 
^^mbe  targe  quantities  of  massive  drift  brougltt  dowu  each  spring  wltli  the 
^^  sudden  and  high  lises,  it  is  imiwasible  to  avoid  some  damage  occurring 
to  the  works.    Tlie  five  old  locks  are  also,  in  my  opinion,  injudiciously 
locBteil,  and  are  constantly  liable  to  choke  up  in  their  approaches,  requir- 
ing dredging  out  to  keep  up  the  navigation. 

Tlie  present  low-watei-  has  disclosed  the  presence  of  large  numbers  of 
snags  and  stumps,  which  will  require  to  be  removed  with  a*;tive  navi- 
gatioi:  resumed.  To  effect  this,  a  small  snag-boat,  worked  by  horse  or 
man  power,  should  be  fitted  up  and  set  to  work  removing  these  obstruc- 
tions. 1  find  that  on  the  Green  and  Uarreu  rivers,  with  an  aetive  navi- 
gation and  the  works  well  kept  op,  that  the  navigatioit  company  oper- 
ating these  rivers  has  been  obliged  to  build  and  opej'ate  a  similar  boat. 
In  the  case  of  the  Kentucky  Bivei'  this  will  be  found  even  more  necessary, 
as  the  quantities  of  drift  brought  down  in  the  yearly  rises  are  much 
greater  than  on  the  Green,  and  also  heavier,  while  the  course  of  the  river 
Mes  in  more  abrupt  and  sharp  bends. 

For  these  snagging  operations,  therefore,  I  estimate  an  additional 
8um  outside  of  that  required  tor  the  slackwater  improvement,  of  iS5,(MH), 
Amount  that  can  be  profitably  expended  during  tJio  fiscal  year  1881~'82, 
tl3d,U00. 

Money  statement. 

I'Jnly  1,  W;f).  ammint  uvailttble JIOII.UOO  Oil 

.    Amouui  aiinropriatuil  by  not  aupruved  Jiiu«  14,  IfWO IIJU,  UiNt  M 

8^200,000  00 

Ji|]i^  1,  IB80,  amotuil  expendBd  linring  fiscal  year 1,^29  09 

;jQly  1,  la*',  amount  available ISW,  170  91 

mount  (oetimated)  reuuireti  fur  completion  of  uiiBtiiig  project 942, 40i  00 

— -itthalcanlwprohtftblrexpenrtodiiifiiioalyeareucriiigJimeMO,  1882-       ly^'i.OD  00 


1 


The  ojierations  of  the  year  have  l>een  in  continuation  of  those  of  the 
'■  previous  year,  to  wit,  improving  the  natural  channels  by  the  removal  of 
obstructions  iu  theui,  and  by  concentrating  the  water  of  low-water 
stages  into  one  channel  or  chute  over  the  bars  and  ripples,  by  means  of 
a  system  of  low  riprap  wing-dams,  built  out  of  the  removed  rock.  The 
average  length  of  these  bars  and  ripples  is  from  100  feet  to  500  feet^  and 
the  average  depth  over  them,  obtained  by  the  improvement,  is  1  foot  in 
low-water,  an  avernge  gain  of  about  G  inches.  The  appropriation  of 
March  3,  1879,  on  which  the  operations  were  carried  on,  was  exhausted 

^^  by  December  J,  1879,  since  which  no  operations  have  been  cai-ried  on 

^K  beyond  caring  for  the  public  property  of  the  work. 

^B     The  progress  made  during  the  year,  and  the  general  condition  of  the 

^■■ffork  June  30, 1880,  is  as  follows : 

^^K    The  raft  navigation  has  been  improved  decidedly  for  148  miles  of  river; 

^^■tibe  navigation  for  push-boats  and  light  draught  steamboats  also,  to  a 

^^poertain  extent,  during  the  low-water  season.    The  real  obstructions  to 
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this  latter  class  of  navigation  consist  in  the  bars  and  shoals  formed  by 
the  great  quantities  of  light,  moving  sand,  which  are  continually  chang- 
ing in  position  and  extent.  The  present  plan  is,  therefore,  incapable  of 
affording  a  radical  or  permanent  improvement  of  the  river,  though  if 
prosecuted  each  year  it  doe«  afford  a  measure  of  immediate  relief  to  the 
surrounding  country. 

To  effect  a  permanent  improvement  it  is  proposed,  this  fiscal  year,  to 
initiate  slackwater  navigation,  by  locating  just  below  Louisa,  Ky.,  the 
point  of  coufluence  of  the  two  forks,  a  lock,  and  with  the  appropriation 
for  the  year,  $50,000,  purchase  the  necessary  land,  the  stone  and  iron, 
prepare  the  detail  drawings  and  specifications,  and  arrange  to  begin 
the  actual  construction  with  the  moneys  next  appropriated. 

The  location  of  this  lock  is  in  accordance  with  the  text  of  the  appro- 
priation act  01  June  14,  1880,  and  with  it  constructed  a  pool  will  be 
formed,  extending  some  distance  up  the  Tug  and  Louisa  forks,  afford- 
ing secure  harborage  for  the  timber  and  coal  coming  down  the  forks, 
until  it  may  be  convenient  to  run  the  same  out  to  the  Ohio  Eiver. 

The  general  plan  of  this  work  of  improvement  is  that  set  forth  in 
Maj.  William  E.  Merrill's  report  to  the  Chief  of  Engineers,  of  date  Feb- 
ruary 24^  1876,  and  his  annual  report*  for  1878  and  1879,  to  wit,  improving 
the  natural  channels  for  raft  and  push-boat  navigation  in  low  stages, 
while  awaiting  a  suitable  time,  and  the  necessary'  funds,  to  begin  the 
construction  of  locks  and  permanent  dams. 

OrigiDal  estimated  cost  of  22  locks  and  dams $1, 922, 536 

Original  estimated  cost  improving  nataral  channels 15, 000 

1, 937, 586 

(First  appropriation  June  18,  1878  ;  last  appropriation  June  14,  1880.) 

Total  amount  appropriated 79,000  00 

Total  amount  expended  to  date 23. 963  52 

The  original  estimate  for  improving  the  natural  channels  has  been 
found,  as  was  indicated  by  Maj.  William  E.  Merrill  at  the  time,  insuffi- 
cient; more  work,  for  effecting  this  species  of  improvement,  has  been 
found  necessary  than  was  originally  estirajited  for. 

Probable  additioual  sum  required   for  completion  of  projects  now  being 

worked  on $60,000 

Amount  exclusive  of  former  appropriations  required  for  "entire  and  per- 
manent completion" / 1, 872, 000 

The  project,  so  far  as  the  locks  and  dams  are  concerned,  does  admit 
of  a  permanent  completion,  a  certain  yearly  sum  being  required  for 
maintenance,  repairs,  &c. 

The  plan  of  improving  the  natural  channels  does  not  admit,  from  its 
nature,  of  a  permanent  completion. 

THR  AMOUNT  THAT  CAN  PROFITABLY  BE  EXPENDED  DURING  THE  FISCAL  YEAR  1881-'82. 

1.  For  constructing  the  lock  and  dam  at  Louisa,  Ky.,  as  per  present  plan $60,000 

2.  For  imi)roving  the  natural  channels 6,000 

66,000 

The  first  item  I  consider  specially  important  to  have  provided,  in  order 
to  complete  the  lock  and  dam,  for  which  much  of  the  material  will  have 
been  purchased  witli  the  appropriation  for  tliis  fiscal  year. 

1  attach  hereto  the  report  in  detail  of  my  assistant  in  local  charge, 
Capt.  E.  A.  Cha^e : 
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Money  statement 

July  1,  1879,  amount  available ^11,708  01 

Amount  appropriated  by  act  approved  June  14,  1880, 55, 000  00 

$66,708  01 

July  1,  1880,  amount  expended  during  fiscal  year 11,671  53 

July  1,  1880,  outstanding  liabilities 88  33 

11,759  86 


Julyl,  1880,  amount  available 54,948  15 

Amount  (estimated)  required  for  completion  of  existing  project 1, 872, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882 .        66  000  00 


report  of  mr.  e.  a.  chase,  assistant  engineer. 

United  States  Engineer  Office, 

Cincinnati,  OhiOy  July  26,  1880. 

Captain  :  I  respectfully  submit  my  report  of  operations  on  the  improvement  of  Big 
Sandy  River,  West  Virginia  and  Kentucky,  during  the  months  of  August,  8ej)tember, 
October,  and  November,  1879,  at  that  time  under  the  direction  of  Major  William  E. 
Merrill,  United  States  Coqjs  of  Engineers. 

Operations  were  commenced  August  25,  and  continued  until  November  20.  The 
work  was  done  entirely  by  hired  labor,  and  the  force  employed  was  divided  into  three 
parties — one  party  on  the  main  river  and  one  party  on  each  fork. 

MAIN  river. 

Between  Catlettsburg,  Ky.,  and  Louisa,  Ky.,  a  distance  of  26  miles,  a  largo  quan- 
tity of  solid  rock  was  removed  from  the  bends  and  bed  of  the  river ;  and  all  snags, 
8tum])s,  and  drift-piles  were  destroyed  and  removed  from  the  channel. 

TUG  FORK. 

On  this  fork  the  party  began  work  at  Louisa,  Ky.,  and  worked  35.5  miles  t6  War- 
fiehl,  Ky. 

The  Falls  of  Tug,  the  main  obstruction  in  this  fork,  11  miles  above  Louisa,  were  im- 
proved by  lowering  the  head  of  the  falls  1  foot,  by  widening  the  chute  from  50  to  100 
feet,  building  riprap  wing-dams  to  confine  tlie  water  to  one  channel  in  low-water, 
and  by  removing  all  bowhiers  and  loose  stone  from  the  bed  of  the  river. 

The  following  shoals,  Mulberry,  Donathan,  Ratolifi',  Coply,  Twin,  Winding,  Smith 
or  Blankenship,  Double,  Stansberry  or  Whitt,  Bull,  Turkey,  Big  Elk,  Home,  Mill, 
Jennie's  Creek,  Little,  Kirk,  I^ick,  Marrowbone,  and  Buck  Creek,  were  also  all  im- 
proved by  widening,  deepening,  and  straightening  the  chutes,  building  low  riprap 
wing-dams,  and  rt^moving  all  obstructions  Irom  the  channel  of  the  river. 

LOUISA  FORK. 

On  this  fork,  from  Louisa,  Ky.,  to  Pike  ton,  Ky.,  a  distance  of  86^  miles,  47  shoals 
were  improved,  as  follows :  Twist  and  Wind,  Twin  Brother  and  Contrary  Shoals,  by 
blasting  and  breaking  up  the  bowlders  and  confining  the  water  to  one  channel,  by 
means  of  low  wing-4lams  built  from  the  blasted  rock. 

Griffith's  Creek  Sand  Bar,  by  changing  the  channel  over  bar.  Fish  Trap,  Graves, 
Bumble  Bee,  Joe  Border's  Riople,  and  several  small  shoals  near  Lost  Creek,  Chesnut, 
Jas.  Davis,  Murray  Shoals,  Nathan  Border's  Ripple,  and  Little  Wliite  House  Shoals, 
Big  White  House,  Vanhouse,  Red  House,  Wild  Goose,  Ward's  and  Greasy  Shoals,  were 
improved  by  blasting  large  rock,  and  removing  small  stones  and  gravel  from  the 
chutes,  and  repairing  the  old  wing-dams, 

The  followiuj^  were  improved  by  constructing  riprap  wing-dams :  L.  Prestxm  Ripjde, 
Wm.  Preston  Ripple,  Jas.  Preston  Ripple,  Buifalo  Shoals  (f  of  a  mile  long),  and  Twin 
Maple  Shoals. 

The  following  were  improved  by  removing  rock,  straightening  thti  chutes,  and  mak- 
ing the  channel  wide  enough  for  the  navigation  of  j)ush-boats,  the  only  boats  with 
which  it  is  ]M)ssible  to  ascend  the  river  in  low-water:  Purgatory  Ripple,  Miller's 
Creek,  Bird  and  Preston  Shoals,  Parter  Ripple,  Anxier,  Hager,  and  Wirenuin's  Shoals, 
Bay  Ripi)le  and  Moody  Shoals;  Abbot  Shoals  by  removing  stone  from  channel  and  cut- 
ting down  a  sunken  barge. 
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Middle  Creek  Sand  Bar  by  rcmcrrliig  snaga  and  timber  piles,  lia1f  buried  Id  the  sand, 
in  order  that  the  river  might  resume  its  natural  bed.  Welt,  Davidson,  Jo.v,  Stratton's, 
and  Long  8hoa1s  were  improved  by  blasting  and  removing  bowldera  ana  la^e  atone 
from  the  cbauuel. 

The  following  table  ahown  the  season's  work  on  the  Big  Sandy  and  ita  tributaries : 
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Respectttally  submitted. 


IMPROVEMENT  OF  GUYAKDOTTE  KIVER,  WEST  VIRGINIA. 

The  opumtioiis  have  been  iu  geiieml  a  continuatioD  of  those  of  pre- 
vious years,  viz,  improving  the  natural  channel  of  the  river  for  raft 
navigation,  by  removing  the  natnnil  obutructions  in  the  river,  and  the 
artitieial  ob^tnietions,  in  tlie  shajio  of  t]ie  remains  of  the  old  lock  at  the 
Falls  of  tiuyandotte  and  the  wreck  of  an  old  mill-dam  at  Little  Ugly 
Shoals. 

Saminarizcd,  the  operations  covered  about  20  miles  of  ri^er,  improving 
and  rendering  easier  for  rafting  this  Mtretch;  and  with  the  operations 
of  the  previous  year  the  condition  of  the  river  may  be  said  to  have 
been  measurably  improved  for  this  kind  of  navigation  from  its  mouth  49 
mi1e»  nji. 

It  is  pn)poMed  with  the  funds  appropriati-d  for  the  fiscal  year  1880- 
to  continue  jn-esent  opemtioiiM,  extending  tliem  up  [ilH>ve  Logan  Court- 
HouiM>,  intu  Wyoming,  and  |H)ssibly  ilcDowell,  County,  with  the  view 
improving,  Hrstly,  the  raft  navigation  over  tlie  entire  river,  and  then, 
funds  arc  left,  to  begin  work  at  corhiin  special  points  with  the  view 
iui))roving  for  push-boat  navigation  by  tlie  construction  of  tmituble chutes. 

The  funds  asked  for  for  fiscal  year  1881-'82,  would  be  applied  toward 
the  continuation  and  eidargement  of  the  alwve  project. 

1  would  also  renew  the  recommendation  of  luy  predecessor  that  the 
mill  privileges  of  the  two  private  mill-dams  on  the  river,  Hogers*  and 
Peck's, authorized  by  idtate  eharters.be  puiohaj^ed  outrigiit  by  the  United 
States,  or  otherwise  the  pniper  legal  steps  taken  to  cancel  the  charters. 
The  general  ]>Ian  of  this  improvement  is  that  adopted  by  MaJ.  William 
E.  Merrill  in  1878.  It  was  impossible  to  make  un  original  emimate  of 
cost  for  thii'  siK'cies  of  imiirovement. 
Tutnl  auininit  n]>pro]>rinte<1  to  ihite  (tirif  n{i|)rn[irinticm  .luiie  18,  187d;  iuHt 

a[.i.r<.|iriiitifiiL.Iiiiii-  14,  l''-(l)   $5,000  00 

Tola)  itnwinil  fxim}t[ri\  ti>  <\ate  S,«91  22 
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No  "permanent  or  entire  completion"  can  be  made  under  present 
project;  the  most  that  can  be  effected,  and  all  that  it  is  necessary  to 
effect  at  present,  is  to,  e;ich  year,  remove  the  obstructions,  due  to  the 
previous  high-water,  and  gradually  enlarge  and  extend  the  improve* 
ment. 

AMOUNT   THAT  CAN  PROFITABLY  BE  EXPENDED  IN  FISCAL  YEAR   1881-*82. 

For  continuing  improvement $2,000  00 

Purchase  of  miU  privileges,  probably 1,500  00 

Total 3,500  00 

I  attach  hereto  report  of  my  assistant,  Mr.  E.  A.  Chase. 

Money  statement. 

July  1,  1879,  amount  available $1,148  09 

Amount  appropriated  by  act  approved  June  14,  188Q 2, 000  00 

|3, 148  09 

July  1,  1880,  amount  expended  during  fiscal  year 839  31 

July  1,  1880,  amount  available 2,308  78 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30, 1882.     3, 500  00 


report  of  mr.  e.  a.  chase,  assistant  engineer. 

United  States  Engineer  Office, 

•      Cincinnaiiy  Okioy  July  26,  1880. 

Captain:  I  respectfully  submit  a  report  of  work  done  on  the  iin])rovement  of  Guy- 
andottti  River,  West  Virginia,  during  the  months  of  November  and  December.  1879, 
and  January  aud  February,  leJdO,  as  compiled  from  the  ofil.^e  records.  The  work  was 
done  ^entirely  by  hired  labor  and  was  in  charge  of  Mr.  Hugh  Toney,  under  the  direc- 
tion of  Maj.  William  E.  Merrill,  United  States  Corps  Engineers. 

The  Falls  of  Guyandotte,  :U  miles  from  the  mouth  of  the  river,  were  improved  by 
cutting  down  the  old  lock  and  removing  rock,  snags,  and  stumps  from  the  channel, 
and  by  dredging  the  sand-bar  just  below  the  falls. 

McComas  Bend,  Madison  Bend,  and  Morris  Bend  were  improved  by  blasting  and 
removing  rock  and  gravel  from  the  bed  of  the  river,  aud  snags  and  fallen  tn^es  from 
the  low- water  channel. 

Hamilton  Shoals  and  King  Shoals  were  improved  by  deepening  the  channel  and 
removing  all  olwtrnctions  from  the  bed  of  the  river. 

At  Little  Ugly  Shoals,  49  miles  from  the  mouth  of  the  river,  the  old  mill-dam  was 
removed,  making  a  goocl  channel  for  pushrboats  ami  timber  rafts. 

The  following  is  a  summary  of  work  done  during  last  season : 

Excavation,  sand-bars    cubic  yards..  800 

Solid  rock  blasted  and  removed do 300 

Number  snags  and  roots  remov<Ml 2, 148 

Number  stumps  removed 200 

Number  fallen  tret»s  removed 600 

Number  leaning  trees  cut 400 

Respectfully  submitted. 

£.  A.  Chase, 

Asmsiant  Engineer, 
Capt.  Jas.  W.  Cuyler, 

Corps  of  Engineers. 


Y4. 

IMPROVEMENT  OF  LITTLE  KANAWHA  RIVER,  WEST  VIRGINIA. 

The  operations  have  been  in  continuation  and  enlargement  of  those  of 
1878-79,  and  carried  on  with  a  view  to  render  raft  navigation  practicable 
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at  lower  natural  stages  than  before,  and  to  facilitate  this  navigation,  as 
well  as  that  of  push-boats  on  the  river,  from  the  head  of  the  present 
slackwater  up  to  BuUtown,  a  distance  of  82  miles.  To  carry  out  this 
plan  the  natural  obstructions  to  navigation  have  been  removed,  timber 
chutes  provided  with  suitable  gates  built  in  private  mill-dams  to  pass 
rafts  through,  which,  otherwise,  would  be  held  in  the  pool  above,  and  a 
system  of  low  crib  dikes  filled  in  with  stone  built  at  numerous  shoals  to 
concentrate  the  water  into  one  channel  and  regulate  its  flow.  Good 
progress  was  made  in  these  several  departments  of  work,  and  the  con- 
dition of  the  river  on  June  30,  1880,  was  better,  for  the  objects  had  in 
view,  than  ever  before ;  considerable,  though,  remains  to  be  done  to  secure 
the  work  already  done,  and  to  obtain  its  full  utilization ;  the  means  avail- 
able were  small  for  the  length  of  river  worked  over,  and  much  of  the 
work,  especially  the  crib  dikes,  were  of  necessity  left  in  an  insecure  condi- 
tion or  not  carried  to  that  point  of  completion  that  is  required  in  order 
that  they  should  subserve  their  purpose ;  they  are  all  too  low  and  many 
need  extension,  while  also  in  the  details  of  construction  changes  are 
called  for.  I  attach  hereto  the  report  of  Mr.  William  E.  Strong,  the 
assistant  engineer  in  charge,  which  gives  full  details. 

The  general  plan  of  this  improvement  is  based  upon  the  report  to  the 
Chief  of  Engineers,  of  Maj.  W.  E.  Merrill,  United  States  Corps  of  En- 
gineers, dated  January  9,  1875,  proposing  the  improvement  as  above  in- 
dicated, and,  later,  the  gradual  extension  up  stream  of  the  slackwater, 
permanent  dams  being  used. 

Oriji^nal  estimated  cost,  as  p«r  above  report : 

1.  For  slackwater  ext'cusion $758,400 

2.  Improving  natural  channels 7, 300 

Total 765,700 

Total  amount  appropriated 58, 300 

(First  appropriation  Au^ist  14,  1876;  last,  June  14,  1880.) 
Total  amount  expended  to  June  30,  18«0 43,300 

The  estimate  of  $7,300  for  improving  the  natural  channels  has  been 
found  insufficient,  firstly,  because  it  wa«  at  the  time,  necessarily,  but  a 
general  or  approximate  estimate;  and,  secondly,  because  the  system 
actually  adopted  has  been  enlarged  into  one  of  greater  elaborateness 
than  was  originally  contemplated. 

Probal)le  additional  sum  reciuired  to  perfect  work  now  done,  on  improving 
natural  channels $10,000 

Amount  exclusive  of  fonner  appropriations  for  permanent  and  entire  com- 
pletion       900, 000 

Amount  that  can  profitably  bo  expended  during  fiscal  year  1881  and  188*2 80, 000 

Of  this  sum,  $70,000  will  be  needed  to  (*onstruct  and  complete  the  new 
lock  and  dam  near  Burning  Springs,  the  beginning  of  the  extension  up 
stream  of  the  present  slackwater.  With  the  $15,000  appropriated  by 
act  of  June  14,  1880,  the  detail  drawings  for  this  lock  and  dam  will  be 
made,  the  land  needed  acquired,  and  a  large  amount  of  the  stone  for 
lock  purchased — the  sum  being,  however,  too  small  to  begin  actual  con- 
struction with.  It  will  be  very  important,  then,  in  1881-'82,  to  provide 
funds  n(»e(led  to  make  an  entire  completion  of  the  lock  and  dam,  so  that 
no  unfinished  work  in  either  structure  may  be  left  over  to  sufier  inevi- 
table det(»rioration  from  the  re«iular  winter  hi«»ii-water  and  ice. 

The  balance  asked  for,  $10,000,  is  ur«>'ently  required  as  well,  to  finish 
the  work  already  done,  towards  iuiproving  the  natural  river,  and  to  se- 
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cure  the  same  against  a  destruction  likely  at  many  works  to  occur  at  no 
distant  time  unless  certain  changes  in  construction  and  extensions  are 
made. 

Money  statement 

July  1, 1879,  amount  available $27, 643  94 

Amount  appropriated  by  act  approved  June  14,  1880 15, 000  00 

142, 643  94 

July  1,  1880,  amount  expended  during  fiscal  year 27, 643  94 

July  1,  1880,  outstanding  liabilities 243  00 

27, 886  94 


July  1,  1880,  amount  available 14,757  00 

Amount  (estimated)  required  for  completion  of  existing  project 900, 000  00 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,  1882.     80,000  00 


report  of  mr.  william  e.  strong,  assistant  engineer. 

United  States  Engineer  Office, 

Cincinnati,  Ohio,  July  31,  1880. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  operations  for  the  improve- 
ment of  the  Little  Kanawha  River.  West  Virginia,  during  the  year  1879,  at  that  time 
under  the  instructions  of  Maj.  William  £.  Merrill. 

Work  on  this  river  beean  May  24  and  ended  November  20.  Three  working  parties, 
each  under  the  command  of  a  superintendent,  were  organized.  Twq  of  these  parties 
worked  during  the  entire  season  from  May  24  to  November  15. 

The  field  of  operations  for  the  first  of  these  was  from  Bulltown,  130  miles  above  the 
mouth  of  the  river,  to  GlenviUe,  104  miles  above.  That  of  the  second  was  from  Glen- 
ville  to  the  mouth  of  West  Fork,  48  miles  above. 

Both  parties  were  engaged  in  the  work  of  removing  trees  and  undergrowth  from  the 
banks  of  the  river,  blasting  and  removing  rock  from  the  channel  and  banks,  plowing 
and  channeling  bars,  and  especially  in  the  construction  of  crib-dikes  and  wing-dams 
of  timber  and  stone. 

A  third  party  was  organized  for  the  purpose  of  operating  a  snagging-flat,  which  was 
built  in  the  early  part  of  the  season  at  Glenville.  Work  was  begun  by  this  party 
about  the  1st  of  August,  and  continued  until  November  20. 

Their  operations  extended  from  Glenville,  104  miles  above  Parkersburg,  to  the  mouth 
of  Bull  Creek,  78  miles  above,  a  distance  of  26  miles. 

Extreme  low-water  during  the  entire  time  the  snagging  party  worked  greatly  hin- 
dered its  progress,  as  much  time  was  expended  in  warping  the  boat  down  the  numer- 
ous shoals ;  indeed,  it  was  usually  necessary  to  accumulate  a  head  of  water  by  build- 
ing temporary  dams  and  take  advantage  of  the  tide  created  by  afterward  removing 
theiu. 

When  there  was  sufiicient  water  to  handle  the  boat  its  working  was  quite  suc- 
cessful. It  Is  but  justice  to  the  interest  of  this  river  and  its  improvement  to  call 
attention  to  the  fact  that  such  low-water  as  was  last  summer  and  fall  was  altogether 
unprecedented. 

A  statement  of  the  work  done  by  the  snagging  party  will  be  found  in  the  sum- 
mary at  the  end  of  this  rejjort. 

In  planning  the  improvements  on  this  river  the  end  sought  to  be  gained  was  a  mean 
between  such  completeness  on  the  one  hand  as  requires  great  expense,  and  on  the  other 
such  cheap  and  temporary  construction  us  with  limited  means  would  alone  admit  of 
going  over  the  entire  ground,  consequently  the  dikes  built  were  on  an  average  only 
about  4  feet  in  height,  but  well  and  strongly  built,  being  adapted  to  rafting  at  a  min- 
imum stage  of  water  rather  than  a  higher. 

As  the  range  of  fioods  is  as  great  as  20  or  25  feet  above  low- water  it  is  impossible  to 
build  the  dikes  of  such  a  height  as  not  to  render  them  liable  at  times  to  be  struck  by 
ill-steered  rafts  or  boats. 

As  work  progressed  from  above  down  stream,  and  as  the  funds  were  exhausted  before 
completing  the  system,  several  of  the  points  greatly  needing  improvement  have  had 
nothing  done  to  them,  and  others  that  had  been  begun  were  left  quite  incomplete. 

It  is  believed,  however,  that  in  general  the  object  aimed  at  was  accomplished,  and 
that  rafting  is  now  practicable  at  a  much  lower  stage  of  water  than  ever  before,  and 
consequently  much  more  frequently. 
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DESCRIPTION  OF  WORK  DONE. 

Blasting  and  removal  of  rock  from  channel  and  banks.  As  one  side  or  other  of  the 
river  is  nsually  a  steep  and  rocky  hill-side  greatly  promoting  the  accnmnlation  of 
fragments  of  stone  in  such  places  as  to  become  obstructions  to  navigation,  the  above 
class  of  work  was  required  at  such  frequent  intervals  as  to  make  special  mention  of 
localities  undesirable.  Wherever  practicable  the  rock  so  removed  was  used  for  filling 
the  cribs  of  dikes. 

CUTTING  AND  REMOVAL  OF  TIMBER  FROM  BANKS. 

The  greater  part  of  this  work  was  done  where  most  needed  on  the  upper  part  of  the 
river.  From  BuUtown  to  Slant's  Mills,  9  miles  above  Glenville,  the  work  was  very 
thoroughly  done. 

Below  Glenville  much  of  this  kind  of  work  had  been  already  done.  A  considerable 
amount  was  done  during  the  season,  however,  and  with  the  result  of  a  river  practi- 
cally free  from  obstructions  of  this  kind. 

CONSTRUCTION  OF  CRIB  DIKES. 

Crib  dikes  were  built  at  the  following  places  above  the  mouth  of  the  river: 

Miles. 

At  Buffalo  Shoals 125 

At  Slant's  Shoal 118 

At  Slant's  Island 117f 

At  Slant's  or  Spicer's  MUls 114 

At  Dusk  Camp  Shoal 113 

At  Sand  Fork  Island 112 

At  Lynchers  Bar Ill 

AtFish-Pot  Shoal 94 

At  Middle-Run  Bar 92 

At  Muscle  Shoals 90 

At  Rafferty's  Island 89 

At  Laurel  Shoals 87 

At  Leaf  Bank 76 

At  Stocking  Run 66 

At  Anna  Maria 62 

At  West  Fork 48 

BRUSH,    LOG,    AND  STONE   DAMS 

were  built  as  follows,  above  the  mouth  of  the  river: 

Miles. 

At  Sycamore  Bar 106 

At  Red  Oak  Bar 104 

At  U[»p(;r  Resor  Bar 102 

At  Middle  R«'sor  Bar •. lOlf 

At  Lower  Ke8(»r  Bar 101^ 

At  Third  Run  Bar 100^ 

The  crib  dikes  were  built  about  8  feet  wide  on  top,  vertical  on  the  river  face, 
slightly  battered  on  the  back,  with  base  about  9  feet  wide;  average  height,  4  feet. 
CroHH-tieH  were  inserted  at  intervals  of  about  10  f«et  between  each  course,  and  the  spaces 
filled  by  hand-]»acking  with  stone.  The  brush  and  stone  dams  were  less  carefully 
built,  but  were  well  tied  together,  and  are  strong  and  durable  ;  cross-dams  connect- 
ing the  main  dike  with  the  bank  were  also  built. 

In  nearly  every  instance  where  dams  were  built  more  or  less  channelling  of  the 
contiguous  bars  was  done.     When  this  was  omitted  they  were  plowed  and  grubbed. 

CHUTES   IN   MILL   DAMS 

were  built  at  the  following  jdaces,  above  the  mouth  of  the  river : 

Miles. 

At  Cutlips 124 

At  Si.icer'H 114 

At  Glenville 106 
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These  chutes  were  built  of  timber  cribs  filled  with  stone,  and  covered  with  6-inch 
sheeting  of  oak.  The  dams  in  which  they  were  built  were  from  1  foot  to  18  inches 
higher  than  the  laws  of  West  Virginia  allow.  The  chutes  were  kept  inside  of  legal 
limits  in  this  respect,  and  the  difterence  in  height  from  the  remainder  of  the  dam 
made  up  by  a  movable  gate.  That  at  Glenville  was  made  to  act  automatically  by 
water  pressure  and  counter-balances,  for  a  minute  description  of  which  I  beg  to  refer 
you  to  my  monthly  report  for  the  month  of  November.  The  chutes  are  35  feet,  38 
feet,  and  40  feet  wide  respectively;  slope,  about  1.20. 

SUMMARY  OF  WORK  DONE  ON  LITTLE  KANAWHA  RIVER  DURING  THE  YEAR  1879. 

Trees  cut 5,411 

Trees  deadened 5, 107 

Saplings  cut 16, 860 

Snags  cut  by  construction  parties 9,291 

Sna^  removed  by  snagging  party 2,634 

Cubic  feet  in  snags  removed  by  snagging  party 90,411 

Tons'  weight  in  snags  removed  by  snagging  party 2,^96 

Foot  linear  crib  dams 11,133 

Foot  linear  brush  dams 3,712 

Cubic  feet  timber  in  dams 91,322 

Number  pounds  iron  in  dams 998 

Cubic  yards  stone  in  dams 15,863 

Cubic  feet  timber  in  chutes. .-•- 16,613 

Pounds  iron  in  chutes 5,667 

Cubic  yards  stone  in  chutes 1,134 

Cubic  yards  stone  removed 2,834 

Cubic  yards  gravel  removed 10.400 

Respectfully  submitted. 

Your  obedient  servant, 

William  E.  Strong, 

Assistant  Engineer, 
Capt.  Jas.  W.  Cuyler. 
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nCPBOYEMENT  OF    WABASH    BIYEB,  INDIANA   AND    ILLINOIS,  AND  OP 


WHITE  BIYEB,  INDIANA. 


mepobt  of  major  jabed  a.  smith,  corps  of  enoineees,  officer 
in  charge,  for  the  fiscal  year  ending  june  30,  1880,  with 
other  documents  relating  to  the  works. 

United  States  Enginbbb  Office, 

Indio/napolis,  Ind.j  July  17, 1880. 

Genebal  :  Herewith  I  forward  reports  of  operations  on  the  river  and 
harbor  improvements  in  my  charge  for  the  year  ending  Jane  30, 1880. 
Very  respectfully,  your  obedient  servant, 

JABED  A.  Smith, 
Major  of  Engineers. 
Brig.  Gen.  H.  G.  Wbight, 

Chief  of  Engineers^  U.  8.  A. 


Z  I. 

IMPROVEMENT  OF  WABASH  RIVER,  INDIANA. 

At  the  beginning  of  the  year  a  contract  was  outstanding  for  building 
two  snag-boats  for  the  sum  of  $10,510.  In  order  to  commence  the  con- 
struction as  early  as  possible  the  contract  had  been  let  before  designs 
for  tiie  cabins  were  completed ;  these  were  subsequently  supplied,  and 
the  boats  were  entirely  finished  and  accepted  August  31.  The  entire 
expense  of  designing,  constructing,  and  fitting  the  boats  with  all  appli- 
ances, ready  for  work,  including  all  contingencies,  was  $7,000  each. 

In  constructing  the  two  boats,  it  had  been  with  the  purpose  of  oper- 
ating one  of  them  between  Terre  Haute  and  the  old  dam  near  Mount 
Garmel,  while  the  other  was  to  be  employed  removing  snags  and  attend- 
ing to  other  work  below  the  last-named  place. 

As  there  was  a  great  necessity  for  other  work  besides  the  removal  of 
snags,  and  a  boat  being  needed  for  a  similar  purpose  in  the  White  River, 
authority  was  obtained  to  transfer  one  of  the  boats  to  that  river,  the 
cost  being  paid  from  the  appropriation  for  its  improvement. 

REMOVAL  OF  SNAGS. 

The  snag-boat  for  the  Wabash  River  was  employed,  from  its  com* 
pletion,  until  December  4,  since  which  time  no  results  have  been  accom- 
plished, owing  to  winter  weather  and  high- water,  the  latt«t  \sasT«^'5i^"^'^- 
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vailed  to  a  most  unprecedented  extent  during  the  autumn,  winter,  and 
spring. 

One  hundred  and  thiri;y-six  snags  were  removed  from  the  river  chan- 
nel, most  of  them  sawed  in  pieces,  and  all  of  them  deposited  in  sloughs 
or  such  other  places  as  seemed  to  give  the  least  opportunity  for  their 
return  to  the  channel. 

The  largest  snag  removed  was  computed  to  weigh  somewhat  more 
than  30  tons  and  had  been  a  terror  to  navigators  for  many  years,  being 
known  as  the  "white  horse.^ 

In  addition  to  this  work  the  boat  did  some  excellent  service  as  a  tow- 
boat,  for  which  it  is  well  adapted. 

DESCRIPTION  OF   SNAG-BOATS. 

As  the  boats  are  of  an  inexpensive  class,  and  are  found  admirably 
adapted  to  the  service,  besides  being  useful  for  various  other  purposes, 
drawings  showing  all  the  general  features  have  been  prepared,  and  are 
forwarded  on  a  single  sheet  to  accompany  this  report. 

The  hulls  were  built  of  pine,  and  are  120  feet  long,  24  feet  wide,  and 
4  feet  6  inches  depth  of  gunwale.  They  have  two  longitudinal  and 
three  cross  bulkheads  for  the  double  purpose  of  stiffening  the  boats  and 
of  preventing  their  sinking  when  punctured  by  snags.  The  boat  which 
was  sent  to  the  White  Eiver  has  already  been  saved  from  sinking  by 
this  device. 

Their  draught  of  Water  when  fully  coaled  is  22  inches,  and  ordinary 
speed  8J  miles  per  hour.  A  power  capstan  is  driven  by  engines  having 
cylinders  6  inches  bore  and  12  inches  stroke,  so  geared  as  to  give  27  turns 
of  main  shaft,  if  de^sired,  to  one  of  capstan.  The  power  may  be  still 
further  multiplied  by  the  blocks  and  falls  which  depend  from  heavy 
sheers  on  the  bow. 

The  two  boilers  are  each  22  feet  long,  36  inches  in  diameter,  and  are 
ample  to  furnish  steam  for  both  propelling  and  hoisting  engines.  The 
cabins  are  plain,  and  sufficient  to  accommodate  only  the  working  crew. 
These  boats  are  not  expensive  to  work;  are  easily  handled;  can  run  in 
very  little  water,  so  that  their  service  is  available  when  most  needed;  and 
although  in  some  small  points  they  might  be  mot  lifted  to  advantage,  as 
a  whole,  it  is  believed,  their  cost  could  hardly  have  been  placed  with 
better  etiect. 

During  the  spring  of  1880  the  boats  were  strengthened  by  a  better 
system  of  liog-chains,  a  longitudinal  oak  j)lanking  of  the  bottoms,  and  a 
plating  of  ii-on.  These  modiftoations  are  shown  in  the  drawings.  Other 
I)arts  of  the  boats  and  macliinery  have  also  been  put  in  better  condition 
by  tlie  crew  employed. 

The  original  workmanship  by  contract  was  far  from  satisfactory,  al- 
though every  pains  was  taken  to  have  an  inspector,  believed  to  be  com- 
petent and  faithful,  constantly  present,  and  the  boats,  when  finished, 
presented  a  good  appearance.  Yet  several  importa,nt  repairs  and  alter- 
ations were  required  before  any  work  could  be  prudently  done.  My 
experience  and  judgment  is  that  it  is  generally  quite  impossible  to  ob- 
tain first-class  work  by  contract  when  tlie  price  to  be  paid  is  low. 

DAM  ACROSS   NEW  HARMONY   CUT-OFF. 

The  work  in  progress  at  the  close  of  the  last  fiscal  year  was  finished 
September  30,  1879. 

A  drawing  of  the  work  as  completed  is  shown  in  Plate  1  accompany- 
ing report  for  fiscal  year  ending  June  30,  1879. 
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Tbe  work  in  July,  August,  iind  Seiitcmber  coutiisted  of  rouiodeling 
the  top  of  the  old  work,  tilling  itwith  stune,  and  covering  it  with  3-tnch 
pine  pi  auk. 

Two  additional  cribs  were  built,  20  feet  square  and  15  feet  deep,  and 
tilled  with  stone.  Ten  other  cribs  were  completed  to  catch  the  drift 
aboi'e  the  dam. 

The  following  are  the  piincipal  det^ails  of  the  work: 
lO.tfllrl  linear  f-ot  of  Ii)|{h  fVaniBil  iuHi  vriba. 
1,632  cubic  yards  of  etuDe  oliWinitd  aud  plnwd  in  cribs. 
l'J,Hd3  puunJs  uf  drift  balta  maila  aud  drivoD. 
3,500  pniHidB  iron  spikes  ilrTvun. 
41,500  feet,  board  measure,  of  :)-iiii:h  plank  fltled  and  apikBd  tii  toji  nf  diirii. 
l.fitKlanuarii  ;saril»  tit  atoui-  paving  to  prevtrnt  scour  of  eartli  I'Lihnukuieiil. 
l,iiii>^  ciibiu  yanla  uf  tiirl.h  uud  sbule  plafud  In  iM]jl>nnkiiii.-ut. 
33  oak  piitadrivtn. 

BANK  PROTECTIONS   NEAE   GHAYVILLE,  ILLINOIS. 

The  work  in  progress  June  30, 1879,  was  completed  in  September  and 
left  in  a  condition  which  is  believed  to  lie  permanent. 

The  plan  of  the  work  is  shown  on  Plate  No.  4,  accompanying  the  la«t 
Huuual  report.  It  now  consists  of  a  double  row  of  piles  about  5  feet 
apart,  in  each  row  the  space  being  filled  with  loose  brush,  the  tops  gen- 
erally passing  several  feet  outside  the  outer  row,  and  being  beld  down 
by  layers  of  stone.  To  prevent  the  piles  being  wrenched  from  place  by 
drift  or  other  means,  tliey  are  cut  otl'  at  a  height  not  exceeding  4  feet 
above  extreme  low-water. 

The  work  of  the  seajson  consistetl  in  cutting  and  hauling  to  the  work 
450  piles  30  feet  long,  and  dri\-ing  the  same  an  average  depth  of  16  fent ; 
straightening  up  and  redriving  about  the  same  numl>er  of  old  piles; 
cutting  and  placing  in  work  776  cords  of  brush ;  quarrying  and  trans- 
porting by  barges  to  the  work  1,428  cubic  yards  of  stone ;  sawiug  oft' 
the  tops  of  1 ,875  hard-wood  piles ;  planting  the  sides  of  levee  and  bank 
with  willows. 

G-BAND   CHAIN. 

A  small  party  was  placed  upon  this  work  August  13,  and  continued 
until  the  end  of  October,  when  operations  were  suspended  owing  to 
high -water. 

Work  was  confined  to  the  last  dike,  that  being  considered  the  most 
im|wrtaut. 

Two  hundred  and  tifty  linearfeet  of  the  dike  was  raised  to  grade  and 
paved.  The  work  included  placing  in  the  dike  1,!I27  cubic  yards  of 
BluUB,  151  cubic  yards  of  paving  stone  being  pm-chased  and  transported 
by  barges  to  the  dike. 

BANK   PEOTECTIONB. 

To  protect  the  bank  from  cutting  and  itguring  the  channel  near  the 
landing  at  New  Harmony,  iil  hardwood  piles  were  driven  adepth  of  15 
feet.  The  piles  wei-e  furnished  and  other  necessary  work  was  done  by 
the  citizens  of  the  place. 

At  Hodges'  Landing,  4  miles  below  New  Harmony,  a  small  island  or 
"towhead"  throws  the  current  against  the  bank,  widening  tbe  channel 
where  a  bar  already  existed.  The  foot  of  the  bank  was  therefore  pro- 
tei'ted  by  a  single  row  of  piles  5  feet  apart,  extending  300  feet.  The 
piles  were  30  feet  long,  driven  15  feet,  and  cut  off  in  the  same  mauivac 
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as  at  other  works  already  mentioned ;  78  cubic  yards  of  stone  were 
placed  on  the  brush. 

DAM  ACROSS  CUT-OFF  AT  LITTLE  CHAIN. 

Pursuant  to  the  plan  discussed  in  the  last  annual  report,  a  dam  of 
piles,  brush,  and  stone  was  constructed  near  the  head  of  the  cut-off,  as 
indicated  on  Plate  8  of  report  for  1879.  The  work  consists  of  three  rows 
of  piles  filled  in  with  loose  brush  weighted  down  by  stone.  The  piles 
are  at  intervals  of  5  feet,  and  the  rows  are  15  feet  apart.  The  shores 
are  protected  for  20  feet  above  and  100  feet  below  the  dam. 

For  this  work  172  hard  wood  piles  were  cut,  hauled,  and  driven,  the 
trees  being  purchased  as  they  stood. 

Three  hundred  and  forty-eight  cubic  yards  of  stone  were  quarried 
upon  the  shore,  and,  as  the  water  was  extremely  low,  the  stone  was 
transported  in  flat-boats  propelled  by  hand  to  the  head  of  the  cut-off^ 
thence  carried  in  carts  to  the  dam  and  wheeled  to  its  place  on  the  brush. 

WINKLER'S  BAR. 

As  soon  as  the  force  could  be  spared  from  other  works  a  wing-dam 
was  commenced  at  this  place,  as  indicated  on  Plate  No.  6  accompanying 
the  last  annual  report.  It  was,  however,  October,  and  before  much 
work  was  accomplished,  operations  were  suspended  owing  to  high  water, 
which  has  since  prevailed  almost  continuously.  One  hundred  and  fifty- 
two  hard  wood  piles  were  cut  and  hauled  to  the  work,  and  131  piles 
driven  in  the  work.  Two  hundred  and  forty-three  cords  of  brush  were 
cut,  hauled,  and  placed  in  the  dam.  One  hundred  and  twenty  cubic 
yards  of  stone  were  procured  and  placed  on  the  brush.  This  work  will 
be  completed  the  ensuing  season. 

WARWICK'S  RIPPLE. 

A  small  party  commenced  work  at  this  place  in  October.  Notwith- 
standing former  efi'orts  to  remove  all  the  old  coflfer-dam  left  by  a  failing 
contractor,  55  timbers  and  12  planks  were  found  and  removed  firom  the 
channel. 

The  removal  of  the  lower  reef  was  first  commenced  with  ordinary  blast- 
ing powder,  but  was  afterwards  continued  with  dynamite  exploded  with 
platinum  fuses  and  a  dynamo-electric  machine. 

The  work  was  considered  largely  experimental,  as  it  was  too  late  in 
the  season  to  expect  any  extensive  results.  The  only  means  of  remov- 
ing the  broken  rock  from  the  channel  was  by  men  standing  waist  deep 
in  water  where  the  current  was  so  rapid  that  it  was  difficult  to  keep  a 
footing;  in  one  instance  a  man  was  swept  from  the  rock  and  carried  a 
half  mile  below  before  reaching  the  shore.  A  part  of  the  middle  reef  and 
all  the  lower  one  was  removed,  greatly  improving  the  channel,  though 
the  work  is  still  incomplete. 

SURVEYS. 

A  detailed  survey  of  the  river  has  been  made  from  Bone  Bank  to  its 
mouth,  a  distance  of  0  miles.  This  completes  a  continuous  survey  for 
26  miles,  besides  various  special  surveys,  all  of  which  have  been  care- 
fully reduced  and  platted. 
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CONDITION  OF  THE  RIVER. 

There  are  numerons  snags  in  the  channel  along  the  entke  navigable 
portion,  notably  within  10  miles  of  the  river's  mouth.  At  extreme  low- 
water  these  snags  are  serioas  and  dangerous  obstractions.  Several  bars 
exist  where  wing-dams  may  be  advantageously  used  to  increase  the 
depth  of  water.  A  constant  source  of  injury  to  the  channel  is  the  under- 
mining and  cutting  away  of  banks,  thus  widening  the  channel,  filling  it 
with  snags,  and  doing  other  mischief. 

The  remainder  of  the  reef  at  Warwick's  Eipple  is  a  serious  obstruction 
at  low- water ;  the  Grand  Chain  requires  considerable  further  work  to 
make  the  low- water  channel  good ;  the  Little  Chain  is  the  worst  ob- 
struction below  the  rapids  near  Mount  Carmel.  These  obstructions 
were  fully  described  in  the  last  annual  report.  Another  place  requir- 
ing further  improvement  is  at  Coffee  Island,  a  few  miles  below  Mount 
Carmel. 

With  these  improvements  the  navigation  will  be  good  at  all  stages  of 
water  from  the  mouth  of  the  river,  a  distance  of  more  than  90  miles,  to 
the  mouth  of  the  White  Eiver. 

Although  numerous  boats  navigate  the  river  above  the  rapids  at  this 
point,  tiiey  will  be  the  head  of  continuous  navigation  on  the  Wabash 
Eiver  until  the  old  lock  and  dam  are  rebuilt. 

PROJECT  OF  WORK  FOR  ENSUING  YEAR. 

The  appropriation  of  $25,000  for  continuing  operations  during  the 
next  year  will  be  as  nearly  as  practicable  applied  as  follows,  viz : 

1.  Employing  snag-boat,  removing  snags  from  river,  and  towing  barges 
when  necessary. 

2.  Completing  work  at  Warwick's  Eipple. 

3.  Continuing  work  on  project  for  improvement  at  Grand  Chain. 

4.  Completing  wing-dam  at  Winkler's  Bar,  and  such  other  similar 
work  as  the  available  funds  permit. 

5.  Continuing  survey  of  channel  above  Little  Chain. 

IMPROVEMENTS   NEEDED. 

All  the  necessary  work  cannot  be  definitely  described  nor  its  expense 
accurately  estimated  until  complete  surveys  have  been  extended  over 
the  entire  distance.  Most  of  them  were  indicated  in  a  general  way  in 
describing  the  condition  of  the  river,  and  it  is  believed  that  all  the  prin- 
cipal and  most  necessary  improvements  below  Mount  Carmel  can  be 
completed  for  $150,000,  provided  the  appropriations  are  so  made  as  to 
permit  doing  the  work  in  one  or  two  seasons.  With  small  appropria- 
tions the  most  important  improvements  cannot  be  judiciously  under- 
taken, as  their  cost  is  largely  increased  by  being  several  years  in  progress, 
and  there  is  no  certainty  of  their  completion.  As  a  result,  numerous 
small  improvements  are  made  which,  while  they  benefit  the  navigation, 
are  not  vital,  and  the  essential  works  are  thus  constantly  left  upon  the 
list  to  be  done  in  the  indefinite  future,  and  the  annual  estimates  for  their 
completion  are  but  little,  if  any,  reduced  by  the  work  already  accom- 
plished. 

The  invitation  to  commerce  extended  by  recent  improvements  has 
been  extensively  honored,  though  the  importance  of  the  river  as  to 
outlet  fbr  the  vast  agricultural  productions  of  its  valley  seems  to  be  too 
little  appreciated. 
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The  part  of  the  river  where  improvements  have  hitherto  been  made 
lies  between  two  of  the  greatest  producing  States  in  the  Union,  and  no 
part  of  either  State  is  more  prodactlve  than  its  valley. 

I  again  submit  the  estimate  for  a  lodi:  and  dam  at  Mount'Garmel.  and 
would  recommend  that  a  separate  appropriation  of  not  less  than  $2o,00(^ 
be  made  for  commencing  the  work  and  making  the  necessary  designs  for 
its  completion. 

Estimate  for  completing  lock  and  dam  at  Grand  Rapids $190, 000 

Engineering  contingencies 15, 000 

145, 000 

The  first  collection  district  of  Indiana  is  adjacent  to  the  works  of  improvement. 
The  nearest  port  of  entry  is  E vansville,  Ind. 
Amoant  of  revenue  collected  in  last  fiscal  year,  $6,596.71. 

Money  statement 

July  1,  1879,  amount  available $34,695  56 

Amount  appropriated  by  act  approved  June  14,  1860 25, 000  00 

.  $59,685  5$ 

July  1,  1880,  amount  expended  dunng  fiscal  year 33, 702  39 

Julv  1, 1880,  outstanding  liabilities 989  36 

34,69175 

July  1,  1880,  amount  available 25,003  81 

Amount  that  can  be  profitably  expended  in  fiscal  year  ending  June  30,1882.  100, 000  00 
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IMPROVEMENT  OF  WHITE  RIVER,  INDIANA. 

By  act  of  March  3,  1879,  an  appropriation  of  $25,000  was  made  for 
this  improvement,  but  as  the  amount  was  temporarily  withheld  from 
expenditure  no  work  could  be  done  nor  preparations  made  during  the 
early  part  of  the  season. 

On  the  2d  of  August  authority  was  received  to  commence  the  work 
of  improvement. 

As  my  only  knowledge  of  the  riv^er  was  firom  the  hurried  reconnais- 
sance on  which  the  project  of  improvement  and  estimate  had  been  based, 
it  was  determined  to  limit  the  season's  work  to  the  removal  of  snags 
and  to  making  a  survey  of  Kelly's  Eipple,  which  forms  the  most  exten- 
sive obstruction  in  the  portion  of  the  river  to  be  improved. 

The  necessary  barges  and  apparatus  were  procured  and  the  work  of 
removing  snags  was  begun  on  the  19th  of  August.  This  was  continued 
one  week,  when  the  overseer  was  taken  sick  and  suspended  operations 
without  consultation  with  the  officer  in  charge  of  the  work. 

Six  large  snags  were  removed  from  the  channel  above  Hazelton. 

As  the  snag-boat  was  soon  to  be  completed,  work  with  this  party  was 
not  resumed. 

On  tiie  1st  of  September  the  snag-boat  started  from  Jeflfersonville,  and 
owing  to  a  high  stage  of  water  was  enabled  to  proceed  at  once  to  the 
White  Itiver  and  to  pass  the  rapid  at  Kelly's  Kipple. 

Work  with  the  snag-boat  was  continued  until  into  the  month  of  De- 
cember, when,  owing  to  high-water,  no  further  work  could  be  done  and 
the  boat  was  laid  in  a  safe  winter  harbor  on  the  Wabash  Eiver,  near 
New  Harmony,  Indiana.    Two  hundred  and  seventy-seven  snags  were 
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removed  by  the  boat,  most  of  them  being  very  large  and  requiring  to  be 
cat  in  several  parts  before  they  conld  be  placed  where  they  would  not 
again  enter  the  channel. 

The  weight  of  the  largest  snag  as  calculated  by  measurement  was  59 
tons.    All  were  more  or  less  imbedded  in  the  bottom. 

The  bottom  of  the  boat  was  several  times  punctured  by  snags  and 
was  i>revented  from  sinking  only  by  the  water-tight  compartments. 

Many  large  piles  of  drift  which  were  lodged  upon  the  shoi^es  ready  to 
be  again  floated  into  the  channel  with  a  rise  of  water  were  cut  and 
burned  up,  and  a  large  number  of  trees  were  cut  and  removed  to  pre- 
vent their  falling  into  the  river  and  adding  to  the  obstructions  already 
there. 

The  roughness  of  the  service  had  been  so  great  as  to  render  it  impru- 
dent to  attempt  another  season's  work  with  the  snag-boat,  until  softer 
the  bottom  had  been  re-enforced  and  other  parts  of  the  boat  strength- 
ened. The  bottom  was  therefore  covered  with  oak  plank  and  the  for- 
ward rake  and  bows  further  strengthened  with  boiler  iron. 

About  the  1st  of  June  the  boat  and  crew  were  again  sent  to  the  White 
River  to  resume  work  removing  snags,  but  as  the  water  remained  at  a 
very  high  stage  the  entire  month  no  snags  could  be  removed. 

SUBVEY. 

In  order  to  determine  definitely  the  improvements  required  as  well  as 
the  best  methods  to  follow,  a  survey  of  the  river  was  begun,  and  ex- 
tended from  the  railroad  crossing  at  Mount  Carmel,  on  the  Wabash 
River,  to  a  short  distance  above  Kelly's  Ripple,  on  the  White  River,  a 
distance  of  about  6  miles.  The  work  has  been  platted  on  a  scale  of  200 
feet  to  1  inch  and  the  portion  covering  the  ripple  is  also  platted  on  a 
scale  of  100  feet  to  1  inch. 

WORK  FOB  ENSUINa  YEAR. 

It  is  proposed  during  the  ensuing  year  to  continue  the  removal  ot 
snags  all  the  time,  when  such  work  may  be  practicable.  Further  inform- 
ation of  the  river  will  be  obtained  by  extending  the  survey  already  be- 
gun. Various  small  works  are  contemplated  for  confining  the  current 
by  bank  protections  and  wing-dams,  with  the  purpose  of  making  the 
channel  deeper. 

FUTURE  REQUIREMENTS. 

In  order  to  connect  the  navigation  of  this  river  with  the  Wabash 
River  at  all  stages  of  the  water^  it  is  necessary  that  a  good  channel  be 
made  past  the  reef  at  Kelly's  Ripple.  A  careful  survey  of  this  obstruc- 
tion has  been  made  and  a  map  showing  the  improvements  contemplated 
is  forwarded  to  accompany  this  report. 

It  is  proposed  to  make  a  straight  cut  100  feet  wide  through  the  reef, 
and  3^  feet  deep  measured  from  the  surface  of  low- water ;  and  to  raise 
a  dike  of  timber  and  stone  2  feet  above  low- water,  and  20  feet  wide 
on  the  north  side  of  the  cut  ^  a  small  dike  to  be  built  on  the  south  side, 
if  found  necessary.  This  will  require  the  removal  of  10,000  cubic  yards 
of  rock,  at  $1.50  per  cubic  yard,  and  the  construction  of  3,000  feet  of 
dike,  at  3^  dollars  per  foot,  making  a  total  of  $25,000. 

The  removal  of  snags  is  of  vital  importance  as  without  it  no  low- water 
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navigation  is  practicable.  The  necesssary  and  contingent  expense  of 
this  work  for  one  year  cannot  safely  be  placed  at  less  than  $10,000. 
The  snrvey  of  the  river  should  be  continued  during  the  short  i)eriod  of 
extreme  low- water. 

Numerous  other  smaller  works  are  required  for  improving  the  chan- 
nel :  they  will  consist  principally  of  piles,  brush,  and  stone,  but  cannot 
be  definitely  described  ^until  the  locations  are  surveyed. 

The  estimate  for  the  entire  improvement  of  the  river  submitted  in  my 
letter  of  December  31, 1878,  was  based  upon  information  obtained  in  a 
reconnaissance  made  at  the  rate  of  10  miles  per  day,  and,  although  I 
believe  it  is  as  nearly  correct  as  the  data  permitted,  yet  it  is  not  suf- 
ficiently definite  to  submit  as  a  complete  project. 

The  agricultural  and  commercial  interests  reached  by  this  work  are 
very  large,  and  I  am  satisfied  that  the  benefits  to  be  gained  are  largely 
in  excess  of  the  cost  of  the  necessary  improvements. 

The  work  can  be  done  more  economically  and  the  commercial  inter- 
ests wUl  be  correspondingly  advanced  by  making  the  improvements  as 
rapidly  as  possible,  and  I  therefore  recommend  an  appropriation  of 
$76,000  for  the  year  ending  June  30, 1882. 

Money  statement. 

July  1,  1879,  amount  available $25,000  00 

Amount  appropriated  by  act  approved  June  14,  1880 20, 000  00 

$45, 000  00 

July  1,  1880,  amount  expended  during  fiscal  year 20,8S7  35 

July  1,  1880,  amount  available 24,162  66 

Amount  that  can  be  protitabl}-  expended  in  fiscal  year  ending  June  30, 1882. .  75, 000  00 
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SURVEY  OP  KANKAKEE  RIVER,  INDIANA  AND  ILLINOIS. 

• 

United  States  Engineer  Office, 

Indianapolis^  Ind.j  February  25,  1880. 

General  :  I  have  to  submit  the  following  report  of  a  survey  upon 
the  Kankakee  Eiver,  together  with  a  general  estimate  of  the  cost  of 
such  works  as  will  be  necessary  to  make  the  river  navigable  by  slack- 
water  as  far  up  as  Momence,  111.,  the  river  being  already  navigable 
above  that  point  for  100  or  more  miles. 

An  examination  of  this  river  had  been  made  in  the  autumn  of  1878, 
under  the  provisions  of  section  2  of  the  river  and  harbor  act  of  June  18, 
1878,  the  report  being  printed  as  H.  E.  Ex.  Doc.  No.  73,  Forty-fifth 

Congress,  third  session. 

«  «  «  -   «  «  «  « - 

Mr.  Henry  Custer  was  employed  to  conduct  the  field  and  oflftce  work 
for  constructing  the  maps  and  estimates.  The  field-work  was  begun 
September  2  and  closed  December  2,  1879. 

The  survey  extended  from  the  head  of  the  present  slackwater  navi- 
gation, a  short  distance  above  Wilmington,  111.,  to  a  point  IJ  miles 
above  the  dam  at  Momence;  it  was  carefully  made,  and  sufficiently  in 
detail  to  afford  means  for  devising  a  general  plan  of  the  necessary  work 
and  an  estimate  of  its  cost. 
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The  entire  distance  surveyed  is  about  36  miles,  and  the  difference  in 
the  level  of  the  pools  was  ascertained  to  be  73.82  feet. 

To  connect  these  levels  by  slackwater,  Mr.  Custer  proposes  to  con- 
struct three  locks  with  lifts  of  8.5  feet  each,  and  four  locks  having  lifts 
of  12  feet  each,  and  to  avoid  the  most  rapid  places  in  the  river  by  canals 
along  or  near  the  bank  a  total  length  of  12  miles,  the  number  of  dams 
would  thus  be  reduced  to  four,  having  an  average  height  of  10.5  feet 
and  length  of  700  feet.  Three  or  these  dams  are  already  built,  but  would 
require  extensive  repairs  or  reconstruction. 

As  it  has  been  impracticable  to  complete  all  the  maps  on  a  large  scale 
in  time  to  accompany  this  rei)ort,  a  small  map,  showing  the  river  in  Illi- 
nois, with  its  connections,  and  the  location  of  improvements  suggested, 
has  been  prepared,  and  is  forwarded  herewith. 

The  essential  works  recommended  by  Mr.  Custer  are  the  following: 

To  rebuild  the  two  dams  at  Momence,  a  total  length  of  649  feet  and 
height  of  6  feet,  which  would  place  the  crests  6  inches  below  those  of 
the  present  dam.  Thence  from  a  point  above  the  lower  dam  a  canal  to 
be  made  along  the  river  bank  a  distance  of  4  miles,  to  the  head  of  the 
island  indicated  on  the  map  as  "A.'^  '  In  this  canal  it  is  proposed  to 
place  two  locks,  each  having  a  lift  of  8.5  feet. 

Thence  the  river  channel  is  followed  to  Waldron,  where  the  present 
dam  is  to  be  repaired  or  replaced  by  one  10  feet  high  and  680  feet  long. 

At  Waldron  a  second  canal  is  located,  its  length  being  4,000  feet  and 
containing  a  lock  having  a  lift  of  8.5  feet.  Thence  to  Kankakee  the 
navigation  will  be  by  river  channel. 

At  Kankakee  the  present  dam  would  be  repaired  or  rebuilt  540  feet 
long  and  10  feet  high,  the  pool  communicating  with  the  next  below  by 
a  canal  13,200  feet  long,  containing  one  lock  with  a  lift  of  12  feet. 

The  next  dam  occurs  at  Altorff,  being  shown  in  two  parts,  a  total 
length  of  1,054  feet  and  height  of  16  feet.  Below  this  place  the  river 
is  rapid  for  a  considerable  distance,  and  requires  a  canal  25,350  feet 
long,  with  three  locks,  each  having  a  lift  of  12  feet.  The  foot  of  this 
canal  is  near  Hanford's  Landing,  and  thence  the  Illinois  and  Michigan 
Canal  may  be  reached  by  boats  drawing  4J  feet,  through  works  already 
completed  by  the  Kankakee  Company.  The  locks  of  the  Kankakee  im- 
provement are  100  feet  long  between  the  gat'C  recesses,  and  18  feet  3 
inches  wide,  the  recesses  for  the  gates  being  12i  feet  long.  They  admit 
boats  105  feet  long,  17J  teet  wide,  drawing  4J  feet  of  water,  which  per- 
mits a  freight  of  100,000  feet  of  lumber,  or  5,800  to  5,900  bushels  of  com. 

As  but  Uttle  can  be  gained  by  making  the  new  locks  larger  than  those 
through  which  boats  must  pass  to  reach  the  Illinois  Biver,  the  estimate 
is  based  upon  the  dimensions  given,  with  a  depth  of  7  feet  water  over  the 
miter-sills. 

The  maps  thus  far  completed  by  Mr.  Custer  are  not  sufficient  for  a 
definite  estimate  of  the  excavation  and  other  work  required  to  construct 
the  canals  he  has  recommended. 

The  banks  are  described  as  increasing  in  height  as  the  river  is  de- 
scended, which  indicates  that  the  adjacent  lands  are  more  nearly  level 
than  the  stream.  The  cutting  for  a  canal  must  therefore  generally  be  to 
a  considerable  depth.  The  water  should  be  at  least  7  feet  deep,  and 
for  present  purposes  I  would  place  the  average  width  of  canal  as  ^  feet, 
which  would  make  it  cost,  including  all  items,  at  least  $3  per  foot  of 
length. 
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With  this  explanation^  I  make  the  following  estimate : 

For  thiee  masonry  locks,  each  having  a  lift  of  8.5  feet,  at  $35,000  each $105, 000 

For  four  masonry  locks,  each  havinj;  a  lift  of  12  feet,  at  $45,000  each 180, 000 

For  63,000  linear  feet  of  canal,  at  $3. 188,000 

For  construction  and  repair  oi  dams 50,000 

Removing  reefs  and  other  obstructions 26, 000 

550,000 

This  amount  is  largely  in  excess  of  that  submitted  in  my  report  of 
December  31, 1878,  which  was  based  upon  an  estimate  made  by  Mr.  E. 
S.  Waters,  the  former  engineer  of  the  Kankakee  Company. 

A  protracted  illness  has  prevented  my  making  such  an  examination 
of  the  localities  and  study  of  details  as  would  enable  me  to  judee 
whether  the  works  proposed  by  Mr.  Custer  were  the  best  that  could  be 
devised.  I  believe,  however,  that  they  are  in  the  main  well  considered, 
and  that  the  estimate  as  a  total  will  not  exceed  the  actual  cost. 

I  have  felt  less  regret  at  my  inability  to  personally  supervise  the  pro- 
ject for  improvement  than  I  would  have  had  were  the  objections  to  its 
being  undertaken  by  the  United  States,  for  the  present  at  least,  less 
numerous  and  forcible. 

A  considerable  section  both  of  Illinois  and  Indiana  would  be  bene- 
fited by  the  work,  but  to  what  extent  is  not  easy  to  ascertain.  A  com- 
mittee of  citizens  was  recently  formed  to  collect  statistics  bearing  upon 
this  subject.  In  response  to  my  inquiries  a  copy  of  the  report  has  been 
furnished  me  and  is  forwarded  herewith.  A  further  statement  of  the 
probable  benefits  will  be  found  in  the  letters  of  Mr.  Waters,  hereafter 
mentioned. 

The  Kankakee  Company  owns  certain  exclusive  privileges  obtained 
from  the  State  of  Illinois,  besides  rights  obtained  by  purchase ;  these 
include  the  right  to  make  the  river  navigable  by  slackwater,  collect 
tolls,  rent  or  lease  water  power,  &c.  In  order  to  ascertain  the  status  of 
thin  company  and  value  of  its  franchises,  the  inquiry  was  submitted  to 
Mr.  E.  S.  Waters,  formerly  chief  engineer  of  the  company,  and  it  is  due 
to  his  courtesy  that  I  am  able  to  present  several  points  of  importance. 
Copies  of  his  replies  are  appended  hereto  as  a  part  of  this  report. 

It  will  be  seen  from  Mr.  Waters's  second  letter  that  for  the  govern- 
ment to  obtain  control  of  the  completed  works  and  a  right  of  way  for 
any  future  constructions  involves  an  original  outlay  of  $300,000. 

When  the  improvements  are  completed  with  this  added  expense,  no 
other  navigable  waters  can  be  reached  by  boats  on  the  Kankakee  save 
by  passing  through  a  canal  not  owned  by  the  United  States. 

To  attempt  the  improvement  without  obtaining  the  franchise  indicated 
could  not  fail  to  result  in  litigation  and  expense,  besides  its  being  at 
least  an  implied  encroachment  upon  the  rights  of  the  State. 

The  rights  of  mill-owners  who  are  entitled  to  their  present  supply  of 
water-power  and  oi  persons  through  whose  lands  canals  must  be  cut 
would  be  other  equally  fruitful  sources  of  trouble.  Six  railroads  cross 
the  river  within  50  miles  of  its  mouth,  besides  several  bridges  for  ordi- 
nary travel.  The  railroad  crossings  as  well  as  the  other  bridges  at 
E]ankakee,  Waldron,  and  Momence,  could  not  be  passed  with  boats  of 
any  considerable  size  without  inserting  draws. 

The  various  bridges  were  constructed  without  the  necessity  of  author- 
ity from  the  United  States  for  crossing  navigable  waters,  and  it  there- 
fore seems  that  any  movement  to  cause  a  modification  of  the  present 
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structures  or  of  the  rights  uuder  which  they  have  hitherto  existed 
should  come  from  the  State  or  local  authorities. 

The  dams  at  Momence  have  long  been  a  subject  of  contention,  and  an 
improvement  could  hardly  fail  to  meet  with  opposition  from  one  or  other 
of  the  parties  whose  rights  and  interests  are  such  that  they  cannot  be 
disregsoxled. 

I  have  thus  presented  the  points  which  appear  as  obstacles  to  the  im- 
provement, together  with  those  which  I  have  found  in  its  favor,  as  each 
seems  fully  entitled  to  consideration. 

Very  respectfully,  your  obedient  servant, 

Jabeb  a.  Smith, 
Mo^or  of  Engineers, 
Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  U.  S.  A. 


MR.    E.   8.   WATERS  TO   MAJ.   JARED  A-   SMITH,    CORPS  OF  ENGINEERS. 

1. 

Wilmington,  III.,  December  19,  1879. 

Dear  Sir:  Your  letter  of  the  17th  iiistant  just  received,  and  in  reply  would  state 
that  I  am  unable  to  give  you  the  desired  information  respecting  the  price  that  would 
be  fixed  by  the  Kankakee  Company  upon  their  works  and  franchise  rights  in  case  the 
general  government  should  desire  to  purchase  them ;  and  have  therefore  inclosed  your 
note  to  our  officers  in  Boston,  Mass.,  requesting  them  to  answer  your  inquiries  as  to 
present  status  of  the  company  and  their  valuation  of  the  property.  It  was  the  ori&pial 
intention  of  the  company  to  carry  slackwater  navigation  to  the  State  line  aoove 
Momence,  and  a  contract  was  made  covering  all  the  proposed  works  along  the  whole 
line.  Owin^  to  financial  embarrassments,  the  work  was  stopped  when  completed  to 
a  point  10  miles  above  Wilmington. 

Of  course  the  business  done  upon  the  short  line  of  navigation  now  completed  (20 
miles)  gives  but  insufficient  data  for  judging  the  amount  of  ousiness  that  would  have 
been  done  upon  the  river  had  the  navigation  been  completed  into  Indiana. 

Lumber  and  grain  are  mainly  the  products  carried  by  boats  to  and  from  Wilming- 
ton, Hanford's  Landing^  and  Horse  Creek. 

We  have  four  competitors :  The  Chicago  and  Illinois  River  Railroad,  which  crosses 
the  feeder ;  the  Chicago,  Alton,  and  Sayit  Louis  Railroad,  which  crosses  the  river  at 
Wilmington ;  the  Chicago  and  Strawn  Railroad,  crossing  at  ^orse  tIJreek ;  and  the 
Kankakee  and  Southwestern  Railroad,  which  runs  through  Grand  Prairie,  cutting  off 
much  com  which  would  otherwise  come  to  the  river. 

The  amount  of  lumber  annually  carried  upon  the  river  is  5,000,000  feet,  and  of  corn 
300,000  bushels ;  also  of  oats,  flax-seed,  rye,  and  grass  seeds  a  large  number  of  bushels. 

The  first  boat-load  of  lumber  brought  to  Wilmington  lowered  the  price  of  lumber 
at  once  $4  per  M,  and  com  enhanced  m  value  11  cents  per  bushel. 

The  railroads,  in  order  to  secure  any  business  from  this  vicinity,  were  obliged  to 
reduce  their  freight  charges  frx>m  40  to  60  per  cent.  It  is  safe  to  assume  that  the 
I>eople  of  Wilmington  and  vicinity  are  annually  benefited  by  this  navigation  $30,000. 

Could  the  Kankakee  River  be  joined  by  the  Wabash,  and  thence  oy  slackwator 
navigation  and  canal  to  Toledo  via  the  Maumee,  then,  in  my  judgment,  such  a  canal 
would  be  in  importance  second  only  to  the  £)rie.  I  have  always  intended  to  make  an 
instrumental  survey  across  the  summit  between  the  waters  of  this  river  and  the  Wa- 
bash, but  have  heretofore  been  unable  to  do  so. 

Nothing  could  be  gained  by  increasing  the  size  of  the  locks  until  the  locks  upon  the 
Illinois  and  Michigan  Canal  are  enlarged,  but  I  should  favor  an  increase  of  depth  to 
7  feet  upon  the  miter  sills.  The  locks  upon  the  Illinois  River  at  Henry  and  Copperas 
Creek  are  300  feet  long  and  75  feet  wide,  and  will  pass  twelve  canal-boats  at  once ;  but 
such  locks  are  expensive  to  build,  and  costly  to  operate,  and  the  advantages  gained 
do  not  compensate  for  the  increase  of  cost. 
Yours,  respectfully, 

E.  S.  Waters. 

Maj.  Jared  a.  Smith, 

Corps  of  Engineers,  U,  S,  A. 
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2. 

Wilmington,  III.,  January  9, 1890. 

Deab  Sir  :  Mr.  Carpenter,  the  president  of  the  Kankakee  River  Improyement  Com- 
pany, wishes  me  to  inform  you  that  his  company  will  transfer  to  the  United  States 
Government  ''AU  rights  nnder  the  franchises  of  the  Kankakee  Company,  and  all 
rights  obtained  by  purchase  or  otherwise  so  far  as  the  navigation  of  river  is  concerned 
for  tiie  amount  that  they  can  show  vouchers  for  that  it  cost  the  company,  and  guar- 
antee that  if  the  amount  exceeds  $300,000  that  it  shall  be  transferred  for  that  sum. 
We  should  retain  our  water  lots  and  i>ower,  simply  selling  the  right  and  property  be- 
louffing  to  the  navigation." 

My  accounts  show  that  the  dams,  locks,  and  canal,  exclusive  of  any  land  purchase, 
cost  the  company  $342,773.07. 

The  tolls  cnarged  at'present  are  10  cents  per  1,000  pounds  ui>on  all  iprain  firom  Han- 
ford's  Landing  to  the  Illinois  and  Michiffan  Canal,  and  4  cents  per  1,000  pounds  froM 
Wilmington  to  canal ;  thirty  cents  per  1,000  feet  (board-measure)  on  lumber  to  Han- 
ford^B  Landiuff,  and  12  cents  per  1,(H)0  feet  to  Wilmington.  On  general  merchandise 
the  tolls  are  the  same  as  on  grain. 

#  •  #  *  if  »  * 

Yours,  respectfully, 

E.  S.  Waters. 
M%j.  Jared  a.  Smith, 

Corps  of  Engineers f  U,  S,  A, 
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BRIDGING  NAVIGABLE  WATERS  OF   THE  UNITED   STATES. 


A   A    I. 

BRIDGE  OVER  THE  OHIO  RIVER  AT  BEAVER,  PENNSYLVANIA. 

Office  of  the  Chief  of  Engineers, 

Washington^  D.  C,  JDecemher  23, 1879. 

Sir  :  I  have  the  honor  to  submit  the  inclosed  copy  of  a  letter  of  the 
6th  December,  1879,  from  Maj.  W.  E.  Merrill,  Corps  of  Engineers,  giving 
a  history  of  tne  proceedings  of  this  office  in  connection  with  tne  con- 
stmction  of  a  bridge  across  the  Ohio  River  at  or  near  Beaver.  Pa.,  by 
the  Pittsburgh  and  Lake  Erie  Eailroad  Company,  and  in  obedience  to 
the  instructions  of  the  Secretary  of  War  of  July  24, 1879 ;  also  to  submit 
copies  of  the  papers  in  the  case  with  a  view  to  their  transmission  to  Con- 
gress. 

The  railroad  company  in  question  was  required  by  the  Secretary  of 
War  to  build  a  dike  in  connection  with  their  bridge  for  the  protection 
of  navigation,  and  failed  to  do  so ;  and,  in  the  opinion  of  the  Judge- 
Advocate-G^neral,  no  proceedings  can  be  instituted  in  the  courts  to  com- 
pel the  railroad  company  to  construct  the  dike  under  the  act  of  Decem- 
ber 17, 1872,  authorizing  the  construction  of  bridges  over  the  Ohio  Eiver. 

As  there  appears  to  be  no  authority  in  the  War  Department  to  enforce 
the  carrying  out  of  its  instructions  in  this  case,  it  is  recommended  that 
the  question  be  submitted  to  Congress  for  its  information  and  such  con- 
sideration and  action  as  may  be  deemed  necessary. 
Very  respectfully,  yoilr  obedient  servant, 

H.  G.  Weight, 
Chief  of  Engineers^ 
Brig,  and  Bvt.  Major-Oeneralj  TJ.  8.  A. 

Hon  Alexander  Bahsey, 

Secretary  of  War. 


major  william  e.  merrill,  corps  of  engineers,  to  the  chief 

of  engineers. 

United  States  Engineer  Office, 

Cincinnati^  OhiOj  December  6, 1879. 

General  :  In  accordance  with  the  instructions  contained  in  your  let- 
ter of  the  6th  of  October  last,  I  have  the  honor  to  submit  tiie  following 
report  upon  the  bridge  across  the  Ohio  Eiver,  at  Beaver,  Pa.,  owned  and 
operated  by  the  Pittsburgh  and  Lake  Erie  Bailroad  Company. 
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When  this  company  began  work  and  submitted  its  bridge  plans  to  the 
Secretary  of  War  for  approval,  as  required  by  law,  a  Board  of  Engineers, 
consisting  of  Colonel  Simpson,  Major  Weitzel,  and  Major  Merrill  was  con- 
vened at  Pittsburgh  to  consider  and  report  upon  them. 

The  Board  submitted  a  report,  dated  August  15, 1877,*  in  which  they 
stated  that  the  site  was  a  particularly  objectionable  one  in  its  relations 
to  navigation,  but  they  suggested  several  plans  for  removing  or  allevi- 
ating these  objections,  recommending  that  the  railroad  company  be  al- 
lowed a  choice  of  the  plan  that  would  best  suit  their  interests. 

The  company  chose  the  plan  which  called  for  an  increase  of  the  clear 
width  of  the  channel  space  from  400  to  425  feet,  and  the  construction  of 
a  guiding  dike  extending  up-stream  from  the  lert  channel  pier  a  distance 
of  300  feet.  They  accordingly  modified  their  drawings  to  conform  to  the 
conditions  prescribed  by  the  Board  of  Engineers,  and  these  drawings 
were  forwarded  to  the  Chief  of  Engineers  and  by  him  were  submitted 
to  the  Secretary  of  War  by  an  indorsement  dated  September  19, 1877, 
The  Secretary  of  War  formally  approved  them,  and  the  work  of  build- 
ing the  bridge  was  immediately  begun. 

Before  the  bridge  was  completed,  I  received  several  communications 
from  the  coal  shippers  of  Pittsburgh,  protesting  against  the  shortness 
{300  feet)  of  the  guiding  dike.  Some  of  them  even  stated  that  they 
would  prefer  no  £ke  at  all  to  one  so  short. 

I  immediately  went  to  Pittsburgh,  visited  the  site  of  the  bridge  in 
company  with  many  coal  shippers  and  pilots,  and  decided  that  the  com- 
plaints were  well  founded,  that  the  dike  was  too  short,  and  that  it  ought 
to  be  lengthened  618  feet,  making  a  total  length  of  918  feet.  I  submit- 
ted a  report  to  this  effect  to  the  Chief  of  Engineers  in  a  letter  dated 
August  26, 1878.  The  acting  Chief  of  Engineers  transmitted  this  letter 
to  the  Secretary  of  War  in  a  communication  dated  September  2,  and  on 
September  4  the  Secretary  of  War  formally  approved  of  the  proposed 
increase  in  length  of  dike,  and  ordered  that  it  be  made  by  the  bridge 
company. 

On  the  8th  of  November  I  received  from  the  chief  engineer  of  the 
company  a  drawing  of  the  dike  as  he  proposed  to  build  it.  It  was  to 
be  918  feet  long,  and  to  extend  to  the  left-hand  shore  above  the  bridge. 
In  his  letter  of  transmittal  he  says  ^^  We  are  ready  at  once  to  begin  work 
as  soon  as  you  have  approved  of  same." 

I  replied  on  the  same  day,  approving  the  plan.  My  letter  was  thus 
written  more  ttan  a  year  ago,  and  although  I  have  repeatedly  written 
to  the  bridge  company  since  then  and  have  communicated  orally  with 
the  president  and  some  of  the  directors,  they  have  thus  far  ignored  my 
letters  and  have  refused  to  take  any  step  towards  building  any  dike  at 
all,  either  of  the  original  length  of  300  feet  or  of  the  modified  length  of 
918  feet. 

There  can  be  no  excuse  on  account  of  high-water,  as  the  Ohio  Eiver 
has  been  lower  this  year  than  ever  before  since  my  official  connection 
with  it. 

I  believe  the  railroad  company  deny  the  power  of  the  Secretary  of 
War  to  change  the  length  of  the  guiding  dike  after  he  had  once  ordered 
that  it  be  made  300  feet  long.  But  the  company  has  not  even  built  the 
300-foot  dike,  although  they  included  this  dike  in  the  original  contract 
with  the  builders  of  the  bridge.  In  conversations  that  I  have  had  with 
the  officers  of  the  road  they  have  raised  objections  to  the  extra  cost  of 
extending  the  dike  beyond  the  original  300  feet.    The  contractor  for  the 

"  See  Annual  Report  Chief  of  Engineers  for  1878,  Part  II,  page  891. 
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road,  offered  to  build  this  extension  for  $7,400.  The  case  may,  therefore, 
be  summed  up  by  saying  that  to  save  this  paltry  sum  the  company  have 
made  their  bridge  an  obstacle  and  a  danger  to  navigation,  and  have  im- 
periled its  legality.  It  is  a  question  worth  considering  whether  the 
Pittsburgh  and  Lake  Erie  Eailroad  Company  is  not  liable  for  all  injuries 
or  delays  to  navigation  caused  by  their  maintenance  of  an  illegal  struc- 
ture across  the  Ohio  Eiver. 

Respectfully,  your  obedient  servant, 

Wm.  E.  Merrill, 
\  Major  of  Engineers. 

Brig,  Gen.  H.  G.  Wright, 

Chief  of  Engineers. 


MAJOR  WILLIAM  E.  MERRILL,   CORPS  OF  ENGINEERS,   TO  THE  OHIBP 

OF  ENGINEERS. 

UNITED  States  Engineer  Office, 

Cincinnati^  Ohio^  June  23, 1879. 

General:  I  have  the  honor  to  report  to  the  department  that  the 
Pittsburgh  and  Lake  Erie  Eailroad  Company,  of  Pittsburgh,  have  thus 
far  taken  no  steps  towards  building  the  guiding- dike  which  was  ordered 
for  their  bridge  across  the  Ohio  Eiver,  at  Beaver,  Pa,,  and  whose  con- 
struction was  one  of  the  conditions  upon  which  their  location  was 
accepted. 

They  have  neither  built  the  300-foot  dike,  as  they  agreed  to  in  their 
letter  to  the  Secretary  of  War,  dated  Septeinber  5,  1877,  nor  the  918- 
foot  dike  ordered  by  the  indorsement  of  the  Secretary  of  War,  dated 
September  4,  1878,  on  a  letter  from  the  Chief  of  Engineers,  dated  Sep- 
tember 2,  1878. 

Inasmuch  as  several  requests  and  remonstrances  made  by  me  have 
produced  no  apparent  results,  and  as  the  present  low-water  season  is 
exceedingly  favorable  for  the  construction  of  the  dike,  I  would  suggest 
that  measures  be  taken  by  higher  authority  to  compel  compliance  with 
the  orders  of  the  Secretary  of  War. 

Kespectfnlly,  your  obedient  servant, 

Wm.  E.  Merrill, 

Major  of  Engineers. 

Brig.  Gen.  A.  A.  Humphreys, 

Chief  of  Engineers. 

[First  indoraemeut.] 

Office  of  Chief  of  Engineers, 

July  3,  1879. 

Kespectfully  referred  to  the  honorable  the  Secretary  of  War  with 
request  for  instructions. 

The  accompanying  papers  fully  explain  the  case  and  the  previous 
action  taken  thereon. 

H.  G.  WRIGHHy, 

Chief  of  Engineers, 
Brig,  and  Brevet  Major- General. 
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[Second  indorsement.] 

Respectfully  referred  to  the  Judge- Advocate-General  for  opinion  as 
to  what  legal  measures  should  be  taken  to  compel  the  company  to  per- 
form  its  agreement. 
By  order  of  the  Secretary  of  War. 

H.  T.  Crosby, 

Chief  Clerli. 
War  Department,  July  11, 1879. 

[Third  indorsement.] 

Bureau  of  Military  Justice, 

July  19, 1879. 

Respectfully  returned  to  the  Secretary  of  War. 

It  is  not  perceived  that  under  the  provisions  of  the  act  of  December  17, 
1872,  relating  to  the  construction  of  bridges  across  the  Ohio  River,  any 
proceeding  can  be  instituted  in  the  courts  to  ^' compel^  the  railroad 
company  to  construct  the  dike  herein  specified. 

The  company  would  appear  to  be  liable  under  the  act  only  to  the  di- 
rection of  Congress  as  indicated  in  sec.  7,  or  to  suits  in  the  United  States 
district  court,  on  the  part  of  persons  or  corporations  whose  rights  of 
navigiktion  may  be  impeded  by  the  construction  of  the  bridge.  Inas- 
much, however,  as  the  Department  of  Justice  is  the  one  which  would 
regularly  be  charged  with  the  institution  of  legal  proceedings  by  the 
United  States  against  the  railway  company  if  any  can  properly  be 
initiated,  it  is  suggested  that  the  question  stated  in  the  within  indorse- 
ment of  reference  of  the  Secretary  of  War  be  submitted  to  that  depart- 
ment. 

W.  Winthrop, 
Acting  Judge- Advocate- Oeneral. 

[Fourth  indorsement.] 

Respectfully  returned  to  the  Chief  of  Engineers. 

It  does  not  appear  from  the  report  of  the  Judge- Advocate-General 
that  there  is  grounds  sufficient  for  the  maintenance  of  a  suit  in  law. 
The  matter,  therefore,  will  be  brought  to  the  attention  of  Congress  atits 
next  session. 

By  order  of  the  Secretary  of  War. 


War  Department,  July  24, 1879. 


H.  T.  Crosby, 

Chief  Clerk. 


A  A  2. 

bridge  over  DETROIT  RIVER  AT  OR  NEAR  DETROIT,  MICHIGAN. 
REPORT  OF  THE  BOARD  OF  ENGINEERS. 

Detroit,  Mich.,  November  21, 1879. 

General  :  The  Board  directed  to  be  organized  by  the  joint  resolution 
of  Congress,  to  wit — 

Whereas  recent  progress  in  the  art  has  shown  the  practicahility  of  coustmctiug 
bridges  havinc  spans  of  500  feet,  or  possibly  more:  Therefore, 
Resolved  by  the  Senate  and  House  of  Representatives  of  the  United  States  of  America  in 
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Congress  assemhled,  That  the  Secretary  of  War  is  hereby  authorized  and  required  to 
convene  a  Board  of  Engineers  of  the  Army,  whose  duty  it  shall  be  to  inquire  into  and 
report  whether,  for  raim>ad  purposes,  the  river  Detroit  can  be  bridged  or  tunneled  at 
the  city  of  Detroit,  or  within  one  mile  above  or  below  said  city,  in  such  manner  as  to 
accommodate  the  large  trade  and  commerce  crossing  the  river  at  that  point  and  with- 
out material  or  undue  injury  to  the  navigation  of  said  river ;  a  good  and  sufficient  tug 
being  always  kept  by  bridge  owners  to  assist  any  craft  when  required — 

convened  at  Detroit,  Mich.,  on  the  14th  of  October,  1879,  by  virtue  of 
the  following  order: 

[Special  Obdebs  No.  213. j 

Headquarters  of  the  Army, 
Adjutant-General's  Office, 

Waahifigtan,  September  15,  1879. 

1.  The  follwing  order  has  been  received  from  the  Secretary  of  War: 

In  pursuance  of  a  joint  resolution  of  Congress  approved  June  20.  1879,  published 
in  General  Orders  No.  67,  July  3,  1879,  from  this  omce,  entitled  "Joint  resolution  re- 
lating to  a  bridge  across  the  Detroit  River  at  or  near  Detroit,  Mich^"  a  Board  of 
Engineer  officers,  to  consist  of  Lieut.  Col.  W.  F.  Raynolds,  Lieut.  Col.  Nathaniel 
Micnler,  Maj.  O.  M.  Poe,  Maj.  D.  C.  Houston,  M^.  J.  M.  Wilson,  will  convene  at  the  city 
•f  Detroit,  Mich.,  upon  the  call  of  the  senior  officer,  and  at  as  early  a  day  as  practi- 
cable consistent  with  the  other  duties  of  the  members. 

The  Board  wiU  be  governed  by  the  requirements  of  the  act  mentioned,  aud  will  make 
its  report  and  recommendations  to  the  Chief  of  Engineers  before  the  1st  of  December 
next. 

The  junior  member  will  act  as  recorder. 

By  command  of  General  Sherman. 

E.  D.  Townsend, 

Adjutant -General. 
Official : 

A.   H.   NiCKERSON, 

Assistant  Adjutant-General. 

The  Board  remained  in  session  five  days,  during  which  time  it  was 
engaged  in  hearing  statements  and  arguments  of  persons  favoring  and 
opposing  the  construction  of  a  bridge  or  tunnel  across  the  Detroit  Eiver, 
the  substance  of  which  is  given  in  the  record  of  proceedings  appended 
to  this  report. 

At  the  urgent  request  of  all  parties  interested,  the  Board  adjourned 
to  enable  them  to  collect  statistics  bearing  upon  the  subject. 

The  Board  reassembled  on  the  18th  of  November,  and  after  hearing 
further  statements  and  arguments  as  specified  in  the  record  proceeded 
to  consider  the  matters  referred  to  it. 

At  Detroit  two  immense  streams  of  commerce  come  into  direct  inter- 
ference, namely,  one  by  water  and  the  other  by  railroads.  The  problem 
before  the  Board  wad  to  so  arrange,  by  either  bridge  or  tunnel,  that  these 
might  cross  each  other  with  the  least  injury  to  both,  and  in  such  a  man- 
ner as  to  accommodate  the  railroad  traffic,  and  at  the  same  time  do  no 
material  or  undue  injury  to  the  interests  of  navigation. 

The  question  of  bridging  the  channel-way  between  Lake  Huron  and 
Lake  Erie  was  discuss^  by  a  Board  of  Engineer  officers  in  1873,  and 
that  Board  made  an  elaborate  and  exhaustive  report,  which  is  published 
with  the  Eeport  of  the  Chief  of  Engineers  for  1874,  vol.  1,  page  587. 

The  locality  defined  by  the  joint  resolution  of  Congress  is  within  the 
limits  covered  by  the  report  of  the  Board  referred  to,  and  extends  firom 
about  the  middle  of  Belle  Isle,  above  the  city  of  Detroit,  to  or  near  Fort 
Wayne,  below  it  a  distance  of  a  little  more  than  6  miles.  The  channel 
from  the  foot  of  Belle  Isle  to  the  lower  limit  of  the  city  is  straight,  run- 
ning about  twenty-five  degrees  south  of  west,  and  then  changes^  twenty 
degrees  more  to  the  southward. 
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The  width  of  the  channel  on  either  side  of  Belle  Isle  is  about  2.000 
feet,  its  greatest  depth  on  the  northerly  side  being  from  25  to  30  leet^ 
and  on  the  sontharly  from  30  to  40.  Below  Belle  Isle  the  greatest  deptJi 
varies  from  39  to  abont  50  feet 

Kie  qaestion  of  bridging  or  tnnnelingthe  river  near  Detroit  has  been 
agitated  for  several  years,  and  numerous  plans  and  projects  therefor 
l^ve  been  proposed ;  several  of  these  have  been  presented  tor  consider- 
ation, but  as  the  joint  resolution  of  Congress,  embodying  the  only  in- 
structions the  Board  has  received,  does  not  require  a  discussion  of 
modes,  plans  of  construction,  details  of  operation,  or  the  matter  of  cost, 
these  subjects,  except  in  a  general  way,  are  not  referred  to  in  this  report. 

The  magnitude  of  the  conflicting  interests  at  this  point  may  be  real- 
ized from  the  official  statement  that  the  number  of  vessels  of  various 
kinds  passing  Fort  Gratiot  light-house  during  the  fiscal  year  ending 
June  30, 1879,  was  22,150.  The  business  of  the  railroads  crossing  the 
river  at  Detroit  during  the  year  1878  was  as  follows,  viz : 

129,113  paflsengers. 
12,258  passenger-cars. 
3,873  baggage-cars. 
104,359  freight-cars. 

The  joint  resolution  contemplates  two  modes  of  crossing ;  flrst,  by  a 
bridge ;  second,  by  a  tunnel. 

BRIDGE. 

The  conclusions  to  which  the  Board  of  1873  arrived  are  as  follows,  viz : 

1st.  That  a  bridge  giving  a  clear  headway  of  150  feet,  and  clear  spans  of  400  feet^ 
would  not  seriously  injure  navigation,  but  would  be  very  expensive,  involving  long,, 
and  in  some  places  inconvenient  approaches. 

2d.  That  no  bridge  giving  passage  to  vessels  by  draws  alone,  with  draw-spans  at 
present  practicable,  can  be  permitted  without  serious  ii\jury  to  navigation. 

3d.  That  a  bridge  giving  a  clear  opening  of  700  feet  from  April  1  to  December  1, 
with  two  draw  openings  1(X)  feet  in  the  clear,  and  with  the  permanent  foundations  of 
its  movable  piers  16  feet  below  lowest  stage  of  water,  will  not  be  a  serious  obstacle  to 
navigation. 

4th.  For  the  reasons  heretofore  given,  although  the  question  has  not  been  directly 
referred  to  it,  the  Board  deem  the  crossing  of  tne  river  by  tunnels  the  only  unobjec- 
tionable method ;  and  firom  all  information  they  have  obtained  think  a  tunnel  at 
Detroit    *    *    *    is  by  no  means  impracticable,  at  a  cost  not  so  great  as  to  debar  it 
construction. 

That  Board  also  stated  that  no  bridge  with  draws  should  be  tolerated. 
There  is  probably  no  difference  of  opinion  about  these  conclusions,  ex- 
cept as  to  the  one  referring  to  a  bridge  with  draws. 

The  form  of  bridge  considered  inadmissible  by  the  former  Board  had 
"  a  clear  headway  of  only  12  feet  provided  with  two  pivot  draws,  each 
leaving  two  openings  of  166  feet  in  the  clear,  and  the  remainder  of  the 
structure  built  on  piers  of  masonry  200  feet  apart.'' 

It  is  believed  that  draw- openings  of  166  feet  were  the  greatest  then 
considered  practicable ;  draws  of  more  than  200  feet  have  been  since 
constructed^  and  it  is  now  proiKwed  by  bridge-builders  of  high  repu- 
tation to  construct  them  with  openings  of  300  feet  on  each  side  of  a  pivot 
pier,  or  of  400  feet  between  two  pivot  piers. 

Those  who  favor  the  construction  of  a  bridge  over  the  river  now  admit 
that  vessels  should  have  the  right  of  way,  and  say  that  the  draw  should 
always  be  kept  ojien,  except  when  necessary  for  the  passage  of  trains  at 
such  times  as  will  not  interfere  with  the  passage  of  vessels. 

It  is  the  opinion  of  the  Board  that,  with  skillftil  navigators  there  will 
be  no  material  difficulty  in  passing  through  clear  openings  of  300  or  400 
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feet  at  any  time  when  it  would  be  safe  to  navigate  the  river.  With  tiid 
right  of  way  clearly  and  emphatically  given  to  navigation  there  would 
tl^n  be  no  ma4)erial  or  undue  injury  to  &at  interest. 

If  vessels  have  the  right  of  way,  can  the  traffic  across  the  river  be  ac- 
commodated ? 

The  Board  has  investigated  this  matter  and  finds  that  with  the  pres- 
ent traffic  there  will  be  ample  time  during  the  intervals  between  the 
passing  of  vessels  to  move  all  the  trains  across  the  bridge.  There  will 
occasionally  be  delays,  but  the  railroads  can  accommodate  their  time 
tables  to  compensate  for  any  ordinary  delays. 

Should  the  traffic  increase  so  that  there  would  not  be  sufficient  time 
to  pass  all  trains  during  the  season  of  navigation,  the  additional  cars  can 
be  crossed  by  the  ferriage  system  as  at  present.  This  system  need  not 
be  wholly  abandoned,  but  should  be  kept  available,  in  case  of  necessity ; 
indeed  it  might  be  requisite,  in  order  to  a^ure  regularity  of  passenger- 
trains,  to  depend  altogether  upon  the  ferriage  system  for  their  transit 
during  the  season  of  navigation. 

LOCATION  OF  BRIDaE. 

The  Board  is  of  the  opinion  that  the  bridge  should  be  located  at  a  con- 
siderable distance  above  or  below  the  business  portion  of  the  city,  so 
that  its  use  will  not  be  interfered  with  by  the  local  traffic  in  front  of  the 
city  in  that  part  of  the  river  which  forms  the  harbor  of  Detroit.  The 
two  points  which  seem  best  suited  to  the  purpose  are : 

1st.  At  the  lower  end  of  Belle  Isle.  This  is  understood  to  be  the  least 
objectionable  to  the  interests  opposing  the  construction  of  a  bridge. 

2d.  In  the  vicinity  of  the  foot  of  Twenty-fouth  street,  in  the  city  of 
Detroit. 

aENBBAL  DESCRIPTION  OF  THE  BBIDaE. 

There  should  be  placed  near  the  middle  of  the  main  channel,  on  the 
usual  course  of  through  vessels,  eith^  a  draw-span,  with  a  clear  ojmL- 
ing  of  not  less  than  300  feet  on  each  side  of  the  pivot-pier,  or  a  single 
clear  opening  not  less  than  400  feet  between  the  pivot-piers  of  two  ac^- 
cent  draw-spans,  and,  in  addition,  at  least  one  other  draw-span,  witib  a 
clear  opening  of  not  less  than  1G6  feet  on  each  side  of  the  pivot-pier, 
placed  so  as  to  be  used  for  convenience,  or  in  case  of  accident  to  the 
main  opening. 

The  fixed  spans  should  not  be  less  than  450  feet  in  the  clear,  and 
those  adjacent  to  the  main  0]>ening  should  have  a  clear  headway  of  not 
less  than  60  feet,  which  height  is  readily  attainable,  without  extraordi- 
nary grades. 

A  considerable  portion  of  the  craft  plying  the  lakes  will  be  able  to 
pass  under  a  bridge  of  this  height,  and  thus  obviate  the  necessity  of 
opening  the  draw  so.  frequently.  ..:; 

The  Boajcd  would  remark  that  it  19  not  intended  to  convey  the  im- 
pression that  it  is  of  the  opinion  that  such  a  bridge  as  has  be^i  de- 
scribed will  not  be  to  some  extent  an  obstruction.  The  language  of 
the  joint  resolution  ^^  material  or  undue  injury,"  contemplates  that 
there  may  be  some  obstruction,  and  the  question  the  Board  has  oonaid^ 
ered  is,  whether,  in  view  of  the  great  Interests  involved,  a  bridge  can 
be  constructed  which  will  fulfill  these  c^mditions.  A  go#d  and  suffi- 
cient tug,  as  contemplated  by  the  joint  resolution,  would  at  times  be  of 
assistance  in  passing  the  bridge. 

In  case  autliority  to  construct  such  abridge  in  this  locality  should  be 
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granted  by  Congress,  it  should  be  distinctly  provided  that  vessels  have 
the  right  of  way.  and  the  draw  be  kept  open  except  when  trains  are 
passing.  That  tne  plan  and  location  be  subject  to  the  approval  of  the 
Secretary  of  War ;  that  its  construction  be  subject  to  his  8upei:vision 
so  far  as  relates  to  interference  with  navigation,  and  severe  penalties 
should  be  prescribed  for  any  violation  of  these  provisions. 

THE  TUNNEL. 

The  Board  is  unanimously  of  opinion  that  the  most  complete  solution 
of  the  problem  is  the  construction  of  a  tunnel  under  the  river. 

This  may  be  located  at  any  point  within  the  limits  prescribed  by  the 
joint  resolution ;  it  is  deemed  practicable,  and  if  properly  constructed 
will  accommodate  the  railroad  traf&c,  and  be  no  obstruction  whatever 
to  navigation. 

The  following  papers  are  respectfully  submitted : 

No.  1.  Letter  of  citizens'  committee  of  Detroit,  in  favor  of  a  bridge. 

No.  2.  Letter  of  General  C.  B.  Comstock,  in  reference  to  currents  in  the  Detroit  River. 
,   No.  3.  Address  of  Mr.  J.  F.  Joy,  in  favor  of  a  bridge. 

No.  4.  Resolutions  of  the  Cleveland,  Ohio,  Board  of  Trade,  against  a  bridge. 

No.  5.  Statement  of  vessels  which  passed  Fort  Gratiot  from  July  1,  1877,  to  October 
23.  1879. 

No.  6.  Statement  of  vessels  passing  Grassy  Island  light  during  the  fiscal  year  1878 
and  the  portion  of  the  year  1879  previous  to  September  30. 

No.  7.  Resolution  of  the  Saint  raul,  Minn. ,  Chamber  of  Commerce,  protesting  against 
a  bridge. 

No.  8.  Letter  from  Commander  W.  R.  Bridgman,  U.  8.  N.,  referring  to  number  of 
vessels  passing  Grassy  Island  light-station. 

No.  9.  Letter  of  the  governor  of  Minnesota,  transmitting  a  copy  of  a  letter  to  the 
honorable  Secretary  of  war  protesting  against  a  bridge. 

No.  10.  Number  of  vessels  passing  Detroit,  Mich.,  from  April  27  to  October  31,  1879. 

No.  11.  Letter  from  R.  A.  Alger  and  M.  S.  Smith,  favoring  a  bridge. 

No.  12.  Letter  of  James  McMillan,  chairman  of  citizens'  committee  of  Detroit,  giv- 
ing number  of  passengers,  passenger  and  baggage  cars  crossing  at  Detroit  from  the 
year  1875  to  1879. 

No,  13.  Abstract  showing  number  of  vessels  passing  Windmill  Point  light-house, 
Fort  Gratiot  light-house,  and  the  Saint  Clair  Flats  lower  light. 

No.  14.  Resolution  of  the  Buffalo  Board  of  Trade,  against  a  bridge. 

No.  15.  Proceedings  of  the  Board  of  Engineers.     [Not  printed.] 

All  of  which  is  respectfully  submitted. 

W.  F.  Eaynolds, 
Lieutenant' Colonel  of  Engineers^  Brevet  Brigadier- Oeneralj  U,  S.  A. 

N.   MiCHLEB, 

Lieutenant- Colonel  of  Engineers^  Brevet  Brigadier-General, 

O.  M.  POE, 
Major  of  Engineers^  Brevet  Brigadier- General, 

D.  C.  Houston, 
Major  of  Engineers^  Brevet  Colonel. 

To  the  Chief  of  Engineers,  TJ.  S.  A. : 

I  fully  concur  in  the  above  report  as  far  as  relates  to  the  tunnel,  but, 
after  a  careful  examination  of  the  whole  subject,  I  am  satisfied  that  any 
bridge  other  than  a  high  one,  with  spans  of  at  least  450  feet,  will  be  an 
undue  impediment  to  navigation,  and  I  am  not  prepared  to  approve  the 
construction  of  a  drawbridge  that  I  believe  a  majority  of  those  inter- 
ested in  lake  commerce  will  pronounce  a  material  obstruction  to  the 
navigation  of  this  great  national  highway. 

John  M.  Widson, 
Major  of  Engineers, 
Brevet  Colonel,  U.  S,  A. 
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No.    1. — LETTER   OF   CITIZENS'   COMMIITEE   OF   DETROIT   IN   FAVOR  OF   A    BRIDGE. 

Detroit,  Mich.,  October  16,  1879. 

Gentlemen  :  We,  the  members  of  the  citizens'  committee  deputed  to  present  to  your 
honorable  Board  facts  and  fijjures  in  support  of  the  necessity  for  and  practicability  of 
having  a  bridge  across  the  Detroit  River  at  or  near  this  city,  for  railroad  ])uri)ose8, 
beg  to  make  the  following  statement : 

The  present  mode  of  transportation  during  the  entire  year  of  the  railroad  traffic, 
across  the  Detroit  River  at  the  city  from  the  Michigan  Central  slip  docks  is  by  car 
ferry  boats,  in  a  southeasterly  direction,  a  distance  of  about  6,000  feet,  and  from  the 
Milwaukee  Railroad  slip,  in  a  southerly  course,  a  distance  of  about  3,000  feet,  to  the 
Canaditin  shore  and  Great  Western  Railway  slip  docks. 

These  boats  convey  each  14,  12,  and  8  freight  cars  at  one  time ;  the  number  of  cars 
ferried  at  this  point  during  this  vcar  will  be  about  300,000,  representing  a  tonnage  of 
about  3,600,000  tons  exclusive  of  about  180,000  pass<*ngers,  and  United  States  through 
and  local  mails  and  express.  This  traffic  is  largely  on  the  increase,  and  if  the  bridge 
crossing  is  granted  it  is  safe  to  say  this  tonnage  and  business  will  be  quickly  doubled. 
We  append  statement  sliowing  how  this  traffic  has  increased,  even  with  the  imperfect 
means  now  in  use. 

The  delay,  risk,  and  temble  expense  during  five  months  of  the  year  in  forcing  boats 
through  the  very  thick  and  sometimes  grounded  ice,  ferrying  this  traffic — when  all  other 
navigation  on  the  river  except  ferries  is  closed — is  a  very  serious  drawback  to  trans- 
portation to  and  from  the  eight  Michigan  railroads  converging  at  this  city.  This  fact 
alone  should  be  sufficient  to  warrant  the  construction  of  a  bridge  for  the  passage  of 
this  traffic. 

We  say  bridge,  because  from  the  large  sums  of  money  already  expended  by  the  rail- 
road companies  in  boring  the  bed  of  the  river  within  the  bountlary  named  in  your 
commission,  and  in  sinking  shafts  and  excavating  several  drifts  under  the  bed  and 
upon  both  sides  of  the  river  at  what  were  supposed  the  best  locations,  we  are  satisfied 
that  the  expense  of  constructing  a  snitable  and  reliable  double-track  and  drainage 
tunnel  is  prohibitory  to  such  a  mode  of  crossing. 

A  bridge  of  reasonable  height  above  the  surface  of  the  water,  with  draws  of  not  less 
than  250  feet  in  the  clear,  perhaps  larger  openings,  can  be  constructed,  and  these  draws 
can  be  worked  so  expeditiously  and  in  such  a  manner  as  will  give  the  vessels  a  safe  right 
of  passage  at  all  times,  and  satisfy  the  railroad  companies  in  the  transit  of  their  trains  of 
passengers,  live  stock,  and  freight. 

The  bridge  can  be  located  at  such  a  point  upon  the  river  as  will  enable  the  men  in 
charge  to  see  vessels  approaching  from  either  direction  when  a  long  way  distant,  and 
as  the  draw-bridges,  during  the  seven  months  of  navigation,  would  remain  open  .for 
the  passage  of  vessels,  and  be  closed  only  when  trains  require  to  cross,  and  when  no 
vessels  are  in  close  proximity  to  pass  through,  there  should  be  no  reasonable  objection 
on  the  part  of  vessel-owners  to  this  structure. 

The  proposed  draw-openings  would  give  a  very  much  greater  area  for  navigation 
up  and  down  the  river  than  tlie  same  vessels  now  have  in  the  Lake  Saint  Clair  Ship 
Canal,  through  which  all  the  shipping  passes  with  safety,  under  far  more  disadvan- 
tageous circumstances  than  a  bridge  in  this  river  can  possibly  present. 

The  railroad  or  bridge  company's  tugs,  at  their  expense,  would  be  in  readiness  at 
all  times  when  necessary  to  assist  vessels  approaching  and  passing  through  the  draws. 

Of  course  the  plans  would  be  submitted  to  the  Secretary  of  War  for  his  approval 
before  construction. 

To  give  you  some  idea  of  the  volume  of  traffic  passing  to  and  from  our  Michigan 
railroads  centering  in  this  city,  we  append  the  following  statement  of  cars  ferried  to 
and  from  the  Great  Western  Railway  wips ;  and  if  the  bridge  is  constructed  here,  you 
can  consistently  add  one-half  to  the  figures  of  1879  as  a  low  estimate  of  the  traffic  that 
would  at  once  cross — that  would  be  at  least  5,400,000  tons — because  we  are  assured 
the  Canada  Southern  Railway  traffic  for  Detroit  and  its  districts,  in  place  of  crossing 
at  Grosse  Isle,  and  reaching  Detroit  via  Trenton,  at  18  miles  distant,  would  come  to 
Windsor  and  Detroit  via  the  proposed  Essex  Center  Line  and  bridge. 


Year. 

Cars. 

Ton«. 

1873 

160,212 
167.480 
156,676 
173, 859 
161, 597 
194, 359 
300,000 

1,922.644 
2, 000, 760 
1. 880, 100 
2, 086, 281 
1, 939, 164 
2. 332. 808 

1874 

1875 

1876 

1877 ■ 

1878 *. 

1879 

3,600,000 
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To  which  add  the  proportion  of  tonnage  from  the  Canada  Southern,  which  would 
make,  as  we  have  said,  about  5,400,000  tons  per  annum. 
All  this  is  exclusive  of  passengers,  mails,  and  express. 

Having  submitted  a  plan  showing  both  shores  of  the  Detroit  River,  with  the  various 
lines  of  railroad  approaching  thereto,  and  also  plans  of  proposed  bridges,  we  be^  your 
favorable  consideration  of  them,  and  shall  be  happy  to  wait  upon  you  at  any  time  or 
place  indicated,  and  furnish  any  additional  information  required. 
We  are  yours,  respectfully, 

James  McMillan, 
Alanson  Sheley, 
James  F.  Joy, 
g.  v.  n.  lothrop, 
W.  K.  MuiR, 

Of  Citizens'  Committee. 
To  the  Board  of  United  States  Engineers 

Commissioned  to  examine  and  report  upon  the  crossing  of  the 
Detroit  Rivev  for  railroad  purposes  by  bridge  or  tunnely 
mthin  one  mile  above  or  below  the  city  of  Detroit. 


no.  2. — letter  of  general  c.  b.  comstock,  major  of  engineers,  in  refbrbnce 

to  currents  in  the  detroit  river. 

Office  of  United  States  Lake  Survey, 

Detroit,  Mich.y  October  16,  1879. 

Sir  :  At  your  request,  Mr.  D.  F.  Henry  has  examined  some  of  his  note-books  of  1869, 
and  states  as  follows : 

**  I  find  the  following  velocities  of  the  river  given  in  the  note-books  of  the  *  outflow' 
in  1869,  October  and  November.  They  are  not  exactly  located,  as  they  were  only  taken 
in  testing  meters — part  of  them  in  fast  and  part  in  slow  currents. 

*'  Near  the  head  of  Belle  Isle  in  the  Canada  channel  two  series  of  observations  giving 
2,525  and  2,672  feet  per  second,  or  about  If  miles  per  hour. 

"  In  the  same  channel  farther  down,  at  10  feet  depth,  2,200 ;  at  20  feet  depth,  2,146; 
and  at  25  feet  depth,  2,025  feet  per  second,  or  about  1^  miles  per  hour. 

"In  the  American  channel  near  the  foot  of  Belle  Isle,  near  the  surface,  two  series, 
giving  1,680  and  1,726  feet  per  second,  or  about  1^^  miles  per  hour." 
Very  respectfully, 

C.  B.  Comstock, 
Major  of  EngineerSj 
Brevet  Brigadier-Generalj  U.  S.  A. 
General  W.  F.  Raynolds, 

U.  S.  Engineers,  Detroit^  Mich. 


No.    'S. — ADDRESS   of   MR.    JAMES  F.    JOY,    IN   FAVOR  OF   A   BRIDGE. 

Detroit,  Mich.,  October  18,  1879. 

Gentlemen  :  In  my  statement  before  you  this  morning  I  gave  the  number  of  vessels 

ijassiug  the  river  at  Detroit,  as  reported  by  the  marine  reporter  for  the  press,  as  fol- 
ows : 

Passing  up.    Passing  down. 

Propellers 961  1,041 

Steam-barges 979  1, 151 

Schooners 2,468  2,253 

Total 4,408  4,445 

In  all 8,853 

The  barges  which  were  towed  were  not  included  in  this,  which  are  estimated  at.     1, 500 

All  told,  making  a  grand  total  of 10, 353 

Take  the  schooners  together,  and  barges  towed  both  ways,  and  they  number..     6,221 
Then  the  propellers  and  steam-barges  together,  and  they  number 4, 132 

Making  a  total  of 10,353 
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Assume  that  the  schooners  and  bargeH  to\v«fd  are  thr»i«*  in  a  tow,  and  yon  have 2,074 
tows.  Added  to  the  number  of  steam-bargeH  and  proiMjUtjrs,  and  yon  have  (5,*20S  pas- 
sages through  the  draws  in  the  conrae  of  a  year. 

There  are  in  the  seven  months  of  navigvtion  5,130  hours;  you  have  one  and  one-fifth 
passages  in  an  hour,  on  the  average,  and  these  at  very  iiTeguiar  times,  and  sometimes 
several  hours  intervening.  With  this  navigation  there  is  a  very  large  space  of  time 
left  for  the  passage  of  trains,  even  if  there  is  only  one  draw.  These  are  the  vessels 
that  do  the  great  commerce  of  the  lakes.  The  other  craft  of  all  sorts  and  sizes,  which 
come  and  go  from  the  port  of  Detroit,  Mr.  Bissel  thinks,  amount  to  as  many  more. 

These  craft  include  scows  for  wood  and  lime,  an<l  every  possible  kind  of  small  boat 
which  come  to  and  go  from  Detroit.  These  are  a  loose  craft,  engaged  in  no  long  trade. 
They  are  small  craft ;  they  are  easily  managed,  quickly  handled,  might  go  through  a 
draw  250  feet  wide,  sideways^  two  or  three  end  to  end,  at  once. 

So  far  as  that  class  of  cran;  is  concerned,  as  I  have  said,  there  is  no  difficulty  in 
handling  it,  and  a  yast  quantity  of  it  would  not  go  through  a  draw  in  any  event — 
much  of  it  wood-scows,  engaged  in  traffic  in  and  around  Lake  Saint  Clair  and  Saint 
Clair  River  in  bringing  wood,  lime,  and  stone  to  this  city,  and  other  supplies  of  vari- 
ous kinds  from  below  as  well  as  above. 

Bat  suppose  we  estimate  that  every  one  of  them  wants  to  ^o  through  a  draw  every 
time  they  want  to  come  to  Detroit,  and  want  to  go  through  singly,  which  is  not  at  aU 
supposablo,  then  we  should  have  about  16,000  passages.  That  would  be  about  three 
in  one  hour,  on  an  average,  with  one  draw.  But  all  these  might  pass  the  draw  not 
nsed  by  the  vessels  engaged  in  the  lou^  trad(}.     This  small  crait  passing  singly  would 

fo  through  the  draw  in  two  or  three  minutes.  A  long  tow  would  take  some  longer ; 
ut  when  you  consider  how  irregularly  they  go  and  sometimes  two  or  three  together, 
up  and  down,  I  think  we  may  fairly  estimate  that  one-half  of  the  whole  time  may  be 
left  to  the  railroad  companies,  if,  as  I  say,  there  were  but  one  draw,  to  pass  and  re- 
pass the  bridge  with  their  trains,  which  is  very  much  greater  time  than  would  be 
required  for  that  service.  With  the  two  draws  in  use  there  would  be  still  much  more 
time  for  railway  trains  to  pass.  With  a  double-track  bridge,  and  with  openings 
altogether  equal  to  1,000  feet  for  all  these  various  kinds  of  craft  to  pass  through,  it 
can  hardly  seem  possible  that  there  ought  to  be  any  difficulty  in  accommodating  both 
the  railways  and  the  commerce  of  the  country,  while  the  one  passes  over  and  the 
other  passes  along  the  river.  This  small  craft  stopping  at  Detroit  and  starting  from 
there  is  not  like  the  large  vessels  and  propellers  engaged  in  the  large  commerce  of 
the  lakes,  which  ordinarily  pass  by  Detroit  on  its  way  up  and  down  the  lakes.  That 
kind  of  vessel,  whether  passing  in  tows  or  singly,  ought  to  have  the  right  of  way, 
and  the  passage  of  trains  should  give  way  to  them. 

The  smaller  craft,  stopping  and  starting  from  Detroit  largely  and  so  easily  managed, 
need  not  necessarily  have  the  right  of  way,  and  can  easily  pass  either  draw.  It  is 
for  this  reason  that  I  have  suggested  that  there  should  be  no  iron  rule  concerning  the 
nse  of  the  bridge.  The  use  of  it,  and  the  rules  for  passing  of  vessels,  should  be  all 
the  time  under  the  control  of  the  Secretary  of  War.  He  can  have,  and  from  time  to 
time  make,  such  rules  as  are  found  expedient  and  necessary,  having  reference  to  the 
kind  of  craft  which  mav  pass  through.    I  inclose  the  note  which  contains  my  figures. 

I  will  add  that  cases  have  frequently  come  before  the  Supreme  Court  of  the  United 
States  for  collision  against  bridges.  In  order  that  the  commission  may  have  before 
it  the  law  and  the  reasons  of  it,  I  will  allude  to  a  late  one  which  occurred  on  the 
Mississippi  River,  which  came  before  that  coujrt,  and  which  I  now  mention  because 
the  court  took  occasion  to  dispose  of  the  complaints  of  those  engaged  in  navigation 
and  used  language  especially  applicable  to  Detroit  River.  The  language  used  by  it 
also  has  a  direct  bearing  upon  the  language  of  the  order  of  the  Secretary  of  War,  and 
the  resolution  of  Congress.  I  mean  the  words  "  undue  injury  to  navigation  caused 
•by  building  a  bridge." 

The  case  is  that  of  the  Mohler,  a  steamer  drawing  barges  loaded  with  wheat  down 
the  river.     It  is  found  in  the  21st  Wallace^s  S.  C.  Reports,  page  230. 

The  barge  towed  was  wrecked  by  collision  with  one  of  the  piers  of  a  bridge  just 
above  Saint  Paul,  and  totally  lost.  The  wind  was  blowing ;  high  bluffs  line  the  side 
-of  the  river  and  prevent  boats  feeling  the  wind  till  just  before  reaching  the  bridge, 
when  they  recede  and  open,  and  do  not  operate  as  a  protection  against  tne  wind.  On 
reaching  that  point  in  tne  river  the  wind  would  be  strongly  felt  by  the  boat.  It  was 
very  heavy,  as  was  testified,  when  the  boat  reached  .the  bridge.  It  was  too  late  to 
change  the  course  of  the  boat  or  make  a  landing,  and  collision  was  inevitable,  accord- 
ing to  the  testimony.  ; 

It  would  be  well  for  the  commission  to  read  the  whole  case,  but  I  quote  the  language 
of  the  court  which  meets  the  point  I  wish  to  make.  It  was  the  unanimous  opinion 
of  the  whole  court : 

"  Any  prudent  officer  would  have  stopped  until  the  weather  became  calm.  At  any  rate 
it  was  the  duty  of  the  master  of  the  boat  in  question  to  have  done  so,  and,  failing  in  this 
duty,  he  is  chargeable  with  the  consequences  of  his  negligence,  which  in  this  case  were 
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lamentable,  for  not  only  was  the  property  in  his  charge  destroyed,  but  a  hnman  life 
lost. 

*'The  officers  of  steamers  flying  the  western  waters  must  be  held  to  the  fbU  measure 
of  responsibility  in  navigatinff  streams  where  bridges  are  bnilt  across  them.  These 
bridges,  supported  by  piers,  of  necessity  increase  the  dangers  of  navigation,  and  river 
men,  instead  of  recognizing  them  as  lawful  stractures  bnilt  in  the  interests  of  com- 
merce, seem  to  regard  them  as  obstructions  to  it,  and  •apparently  act  on  the  belief 
that  nenuent  accidents  will  cause  their  removal.  There  is  no  foundation  for  thia 
belief.    Instead  of  the  present  bridges  being  abandoned  more  will  be  constructed. 

"The  changed  condition  of  the  country,  produced  by  the  building  of  railroads,  has 
caused  the  great  inland  waters  to  be  spanned  by  bridges ;  these  bridges  are,  to  a  cer-  • 
tain  extent,  impediments  in  the  way  of  navigation,  but  railways  are  highways  of 
commerce  as  well  as  rivers,  and  would  fail  of  sKscomplishing  oi^e  of  the  main  objects 
for  which  they  are  created,  the  rapid  transit  of  persons  and  property,  if  rivers  could 
not  be  bridgea.  It  is  the  interest  as  well  as  the  duty  of  all  persons  engaged  in  businesB 
on  the  water  routes  of  transportation  to  conform  to  this  necessity  of  commerce ;  if  they 
do  this  and  reco^ize  railroad  bridges  as  an  accomplished  fact  in  the  histoiy  of  the 
country,  there  will  be  less  loss  of  lite  and  property,  and  fewer  complaints  of  the  diffl.- 

Sulties  of  navigation  at  the  })lace8  where  these  bridges  are  built.    If  they  pursue  a 
ifferent  and  contrary  course  it  rests  with  the  courts  of  the  country  in  every  proper 
case  to  remind  them  of  their  legal  responsibility." 

This  case  places  strikingly  before  you  what  kind  of  obstructions  are  not  an  undue 
impediment  to  navigation;  and  also  the  necessity  of  bridges,  and  as  many  as  the  com- 
merce of  the  country  requires,  and  the  fact  that  commerce  goes  by  the  rail  as  well 
as  by  water,  and  that  to  some  extent  the  one  must  give  way  to  the  other,  and  that 
both  must  be  so  managed  and  treated  that  all  the  ways  of  commerce  must  be  opened, 
and  that  neither  shall  act  or  be  protected  to  the  undue  prejudice  of  the  other,  and 
especially  that  one  shall  not  and  cannot  claim  free  and-  entirely  unrestricted  passage 
to  the  great  detriment  of  the  other. 

The  bridge  is  a  necessity,  and  navigation  must  recogmze  it,  and  then  both  must,  in 
a  ftiendly  way,  and  under  some  general  regulations  made  by  the  department,  so  con- 
duct their  business  as  in  the  least  degree  to  injure  each  other. 
I  am,  with  great  respect,  yours  truly, 

jABiES  F.  Jot. 
To  the  Board  of  United  States  Engineers 

CommisHaned  to  examine  and  report  upon  the  /orossing  of  the 

Detroit  River  for  railroad  purposes,  by  bridge  or  tunnel  j 

within  one  mile  above  or  below  the  city  of  Detroit. 


Marine  Office, 
Detroiij  Mich.,  October  17,  1879. 

Mr.  James  Westcott,  the  marine  reporter  at  this  port,  had  published  at  the  close  of 
navigation  last  year  in  the  Detroit  papers  the  following  statement  regarding  vessels' 
passages  during  the  season  of  1878 : 


Passed  down. 

Propellers , 1,041 

Steam-barges 1,151 

Schooners 2,253 


Total 4,451 


Passed  up. 

Propellers 961 

Steam-barges 979 

Schooners 2,468 


4,40» 
Total 4,451 


Grand  total 8,859 


It  was  stated  that  the  above  did  not  include  barges  that  were  towed  either  wayi 
which  may  be  safely  estimated  at  not  exceeding  1,50@  more  ;  this  added  would  make 
the  whole  number  10,359,  and  from  my  own  experience  I  believe  the  statement  cor- 
rect. 

J.  W.  Haix. 

Hon.  James  F.  Joy. 
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no.  4.— resolutions  of  the  cleveland,  ohio,  board  op  trade  against  a  bridas. 

Board  of  Trade  Rooms, 
Cleveland,  Ohio,  October  18, 1879. 

Sir:  I  have  the  honor  to  inform  yon  that  at  a  regular  meeting  of  the  Cleveland 
Board  of  Trade  held  to-day,  the  following  preamble  and  resolntions  were  unanimously 
adopted : 

Whereas  the  Board  of  Trade  of  this  city  is  inibrmed  that  the  Board*  of  Engineers 
provided  for  by  the  joint  resolution  of  Congress  to  examine  and  report  as  to  the  feasi- 
bility of  bridging  or  tunneling  the  Detroit  Kiver  are  now  at  the  city  of  Detroit,  and 
ready  to  proceed  with  their  work ;  and  believing  that  each  city  on  the  line  of  the 
nortnem  chain  of  lakes  is  deeply  interested  in  this  subject,  and  that  Cleveland  should 

Srotest  with  others  against  any  plan  that  will  in  any  way  obstruct  a  free  use  of  the 
Detroit  River  for  the  lar^e  commercial  traffic  passing  through  that  noble  line  of  com- 
munication :  Be  it,  therefore. 

Resolved  by  this  board,  That  not  any  obstruction  be  placed  across  said  river  at  any  point 
by  way  of  a  bridge,  believing  that  such  structure  would  greatly  interfere  with  the  free 
navigation  of  that  stream,  and  delay  the  passsage  of  sail,  steam,  and  other  water 
craft  navigating  the  same,  while  the  interests  of  the  railroads  and  the  public  can  as 
well  be  serve<i  by  the  construction  of  a  tunnel  under  said  river. 

Resolved,  That  R.  K.  Winslow,  esq.,  Capts.  A.  Bradley  an<l  W.  B.  Quyles  constitute 
a  committee,  and  that  they  have  full  power  from  this  board  to  watch  the  interests  of 
the  lake,  and  carry  out  the  intent  of  these  resolutions  in  conjunction  with  other  cities 
cities  interested. 

Resolved,  That  the  secretary  be  required  to  forward  a  copy  of  these  resolutions  to 
Col.  W.  F.  Raynolds,  chairman  of  the  investigatiilg  boanl  at  Detroit. 
Yours,  truly, 

Theodore  Simmons, 

Secretary. 
Mr.  W.  F.  Raynolds, 

Chairman  Board  of  Engineers. 


f 
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no.  6. — statement  op  vessels  passing  grassy  island  light  during  fiscal  year 
1878,  and  the  portion  of  the  year  1879  previous  to  september  30. 

Office  of  Light- House  Inspector,  Tenth  District, 

Buffalo  J  N,  F.,  November  5, 1879. 

Sir  :  In  compliance  with  instructions  from  the  Light-House  Board  of  date  the  24th 
ultimo,  I  send  you  subjoined  a  statement  of  the  vessels  reported  by  the  keeper  as 
passing^ Grassy  Island  light-station  during  the  fiscal  year  1878  and  that  portion  of  the 
year  1879  previous  to  September  30,  as  follows,  viz: 


Steamers. 

Barges  (towed). 

Brigs. 

Schooners. 

Scows. 

Rafts. 

Total. 

11,884 

4,946 

862 

8, 046                 2,  012 

1 

68 

27,818 

Very  respectfully, 

W.  R.  Bridoman, 
Commander,  U.  8.  -AT.,  lAght-House  Inspector,  Tenth  District. 

Gen.  W.  F.  Raynolds,  U.  S.  A. 


No.  7. — resolution  op  the  saint  PAUL,  MINNESOTA,  CHAMBER  OF  COMMERCE  PRO- 
testing against  a  bridge. 

Chamber  of  Commerce, 
Saint  Paul,  Minn.,  November  21,  1879. 

Gentlemen  :  In  accordance  with  the  resolutions  of  the  Chamber  of  Commerce  of 
this,  the  chief  commercial  city  of  the  State,  copy  of  which  is  hereto  appended,  I  have 
the  honor,  on  the  part  of  that  body,  respectfully  to  protest  against  any  project  for 
building  a  bridge  across  the  Detroit  River.  The  people  of  Minnesota,  in  common 
with  those  of  the  other  States  bordering  upon  the  upper  lakes  are  deeply  interested 
in  the  maintenance,  intact,  of  communication  by  water  with  the  ocean,  and  they  are 
unanimous  in  remonstrating  against  obstruction  to  free  and  safe  navigation.  The 
vast  products  of  this  State,  ana  of  the  Territories  west  of  it,  which  are  rapidly  aug- 
menting from  year  to  year  with  the  inflnx  of,populatioiK  can  with  difficulty  even  now 
be  transported  to  the  markets  of  the  East,  with  all  the  facilities  that  can  be  afforded, 
and  it  is  of  vital  importance  to  this  new  Northwest  that  every  practicable  outlet  for 
freight  be  enlarged,  rather  than  diminished  b^  the  erection  of  such  barriers  to  safe 
transit  as  a  bridge  of  any  kind  over  the  Detroit  River. 
Very  respectfully,  your  obedient  servant, 

Henry  W.  Sibley, 

President. 

To  the  honorable  Board  of  Engineers. 


resolutions. 

Resolved,  That  this  chamber  does  earnestly  protest,  on  behalf  of  the  commercial 
interests  of  this  State,  against  the  construction  of  a  bridge  across  or  the  erection  of 
any  obstruction  to  navigation  in  the  Detroit  River,  which  is  the  gateway  of  all  the 
commerce  of  the  Northwest ;  and  we  hereby  request  the  president  of  this  chamber  to 
draw  and  forward  to  the  honorable  Board  of  Engineers  about  to  consider  and  deter- 
mine the  question  of  the  construction  of  such  a  bridge  a  formal  protest  against  such 
construction,  accompanied  by  such  statements  and  statistics  as  have  a  bearing  upon 
the  question  involved.  • 

Resolved,  That  the  president  of  this  chamber  be  requested  to  wait  upon  the  governor 
of  this  State  and  request  him  to  prepare  and  forward  to  the  honorable  Secretary  of 
War  an  official  communication  setting  forth  the  great  int'Crests  of  Minnesota  involved 
in  the  construction  of  such  a  bridge  across  the  Detroit  River,  and  earnestly  protesting 
against  such  construction,  and  that  the  governor  be  requested  to  forward  a  copy  of 
such  letter  to  the  said  Board  of  Engineers. 

Resolved,  That  our  Senators  and  Members  in  Congress  be  requested  to  co-operate 
with  the  governor  in  resisting  the  proposed  scheme  of  constructing  a  bridge  across  the 
Detroit  River. 
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no.  8. — letter  from  commander  w.  r.  bridgman,  u.  s.  n.,  referring  to  the 
number  of  vessels  passing  grassy  island  light-station. 

Office  of  Light-House  Inspector,  Tenth  District, 

Buffalo,  N,  F.,  November  12,  1879. 

Sir:  As  the  language  of  my  letter  of  date  the  fifth  instant  is  apparently  ambiguons, 
I  desire  to  say  further  that  the  statement  therein  given  is  an  exhibit  of  the  number  of 
vessels  reported  as  passing  Grassy  Island  light-house  between  July  1,  1878,  and  Sep- 
tember 30,  1879,  both  dates  inclusive. 
V^ry  respectfully, 

•  W.  R.  Bridgman, 
Comniandery  U.  S.  N,y  Light-house  ImpectoTj  Tenth  District. 

General  W.  F.  Raynolds,  U.  S.  A. 


No.  9. — letter  of  the  governor  of  MINNESOTA  TRANSMITTING  A  COPY  OF  A 
LETTER  TO  THE  HONORABLE  THE  SECRERARY  OF  WAR,  PROTESTING  AGAINST  A 
BRIDGE. 

State  of  Minnesota,  Executive  Department, 

Saint  Panlj  November  14,  1879. 

Gentlemen:  By  request  of  the  Saint  Paul  Chamber  of  Commerce,  I  have  the  honor 
to  transmit  herewith  a  copy  of  a  letter  iwldresaed  by  me  to  the  Hon.  Secretary  of  War, 
protesting  agaiust  the  construction  of  the  proposed  bridge  across  Detroit  River,  as  a 
serious  obstruction  to  the  free  navigation  of  the  great  lakes,  and  detrimental  to  the 
commercial  interests  of  Minnesota  and  of  the  vast  countrj'  to  the  northwest. 
Very  respectfully, 

J.   S.   PlLLSBURY, 

Governor  Minnesota. 
To  the  honorable  Board  of  Engineers. 


State  of  Minnesota,  Executive  Department, 

Saint  Paulf  November  14,  1879. 

Sir:  In  com])liance  with  a  resolution  of  the  Chauibor  of  Commerce  of  Saint  Paul, 
and  pursuant  to  my  own  convicticms  upon  the  subject,  I  beg  leave  to  ri'sjiectfully  but 
eamcBtly  jirot est  against  tho  eonstniction  of  a  bridge  across  Detroit  River,  the  con- 
sideration of  which  I  understand  is  t^)  be  before  the  Board  of  Engim^ers  to  meet  in 
Detroit  on  the  IHtli  instant. 

I  iummI  Hcarcely  state  that  the  vast  and  growing  coniniercial  interests  of  tliis  State 
and  of  tb<^  rapidly  settling  country  north  and  west  demand  unobstructed  navigation 
through  tlie  great  lakes  and  their  connecting  channels. 

It  in  indeed  dillicult  to  exaggerate  the  magnitude  of  these  interests  or  the  rapidity 
of  their  dev(;lopment.  The  annual  wheat  export  of  this  State  alone  a vt^rages  25,000,000 
bushels,  a  large  proporticm  of  whi(;h  seeks  water  transit  to  tlie  seaboard,  via  the  great 
lakes.  A  nnich  larger  i)ro})ortion  of  the  growing  products  of  Dakota  are  dependent 
upon  this  route  alone  for  the  means  of  reaching  a  market,  while  the  transportation 
whi(;h  will  be  required  with  the  develoi)ment  of  the  agricultural  and  mineral  resources 
of  the  vast  country  drained  by  the  Northern  Pacitic  Railroad  batHes  computation. 
An  amjde  and  unimpedcMl  water  connnunication  must  for  a  long  time  be  the  only 
defense  of  thest^  growing  interests  against  railroad  combinations,  with  whose  freight 
exactions  they  are  constantly  threatened.  Anything,  therefore,  which  jeopards  tliis 
fn^e  water  transit  as  a  means  of  competition  in  transportation  is  justly  a  cause  of 
alarm.  That  the  proposed  bridge  over  the  Detroit  Riv(T  will  prove  an  obstruction  to 
such  free  navigation  cannot  be  doubted,  and  I  therefore,  in  behalf  of  the  peoi)le  of 
this  State,  of  the  vast  country  whose  interests  are  deei)ly  involved,  prot«5St  against 
its  construction. 

M(»st  respectfully,  your  obedient  servant, 

J.    S.    PlLLSBURY, 

Governor  Minnesota. 
Hon.  George  W.  McCrary, 

Se4}retary  of  War. 
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No.  10. — NUMBER  OF  VESSELS  PASSING  DETROIT,  MICHIGAN,  FROM  APRIL  27  TO  OCTOBER 

31,  1879. 

Detroit,  Mich.,  November  17,  1879. 

Dear  Sir  :  Of  the  class  of  vessels  that  I  report  there  have  passed  here  firom  April  27 
to  October  31 — 

As  taken  from  my  books .*..... 16, 1^ 

Estimate  for  November,  same  average 2, 598 

Small  craft  that  I  do  not  report 12, 600 

31,394 
Yours,  very  respectfully, 

J.  W.  Westcott. 
Geo.  W.  Bissell,  Esq. 

The  number  of  tons  transported  through  the  river  during  the  season  of  1879,  the 
month  of  November  being  estimated  on  the  basis  of  the  previous  part  of  the  season, 
was  12,006,000. 


No.  11. —letter   from   R.    a.    ALGER   AND   M.   8.  SMITH   FAVORING  A  BRIDGE. 

Detroit,  Mich.,  November  17,  1879. 

Gentlemen  :  We  are  engaged  in  the  long  timber  business,  which  is  getting  out 
long  pine  timber,  making  it  into  rafts  on  Lake  Huron,  and  towing  it  principally  to 
Toledo,  Cleveland,  and  Tonawauda. 

During  the  season  of  1879  we  have  towed  of  our  own  timber  over  40,000,000  feet, 
board  measure,  <lown  through  Detroit  River,  which  is  a  large  majority  of  all  the  long 
timber  cut  and  rafted  down  through  the  lakes.  Our  rafts  range  in  size  from  1,000,000 
to  2,000,000  feet.  A  raft  of  1,000,000  feet  would  average  about  1,800  feet  long  and  100 
feet  wide,  and  for  each  quarter  of  a  million  feet  25  feet  in  width  may  be  added,  at  the 
outside,  but  nothing  in  length,  as  rafts  are  usually  about  the  same  length,  and  are  en- 
larged by  a<lding  to  the  width.  A  good  average  raft  contains  about  1,500,000  feet. 
A  raft  containing  2,500,000  feet  would  measure  250  feet  scant  across  it.  This  is  an 
oversize  raft,  and  larger  than  ought  to  be  towed  at  one  time. 

While  our  business  as  shown  above  is  large,  it  is  our  opinion  that  a  bjidge,  with  an 
opening  of  from  250  to  300  feet  in  a  straight  current  like  that  in  front  qf  this  city, 
would  be  no  detriment  to  us,  and  with  reasonable  care  exercised  by  the  master  of  the 
tug  towing  rafts  would  not  materially  add  to  the  risk  and  danger  of  towing. 

This  opinion  is  entirtli/  concurred  in  by  Capt.  Thomas  Ilackett,  master  of  our  large 
tug  Vulcan.  Captain  Hackett,  who  has  sailed  a  tug  for  us  for  the  i)ast  eleven  years, 
and  has  towed  over  200  rafts  and  a  large  number  of  vessels,  entirely  concurs  in  this 
opinion. 

He  says  the  difhculties  and  dangers  of  passing  through  a  bridge  in  a  straight  cur- 
rent and  dec])  water  with  tows  of  v(!ssels  would  be  very  much  less  than  that  of  enter- 
ing the  Saint  Clair  Flats  Canal  with  its  shallow  water,  and  especially  at  the  upper 
end^where  the  current  sets  outside  the  canal  both  ways. 

Believing  that  the  business  and  welfare  of  the  country  need  a  bridge  across  the 
river  at  this  point,  and  that  with  proper  care  exercised  by  masters  of  vessels  such  a 
bridge  will  not  niaterally  add  to  the  dangers  of  navigation,  we  very  respectfully  and 
most  earnestly  ask  you  to  report  in  favor  of  the  project  of  building  such  a  bridge. 
Verj'^  resj)ectfully, 

R.  A  Alger. 

M.  S.  SxMlTH. 

To  the  Board  of  United  States  Engineers,  fitting  at  Detroit, 


No.  12  — letter  of  JAMES  MCMILLAN,  CHAIRMAN  CITIZENS'  COMMITTEE,  DETROIT, 
GIVING  NUMBER  OF  PASSENGERS,  PASSENGER  AND  BAGGAGE  CARS,  CROSSING  AT 
DETROIT,   FROM  YEAR   1875  TO   1879. 

!Detroit,  Mich.,  November  19,  1879. 

Gentlemen  :  Refering  to  a  report  made  by  the  Citizens'  Committee  to  your  hon- 
orable Board  on  the  16th  October,  in  the  body  of  which  the  number  of  freight  cars  and 
tonnage  for  each  year  since  1875  inclusive  was  shown,  permit  me  on  benalf  of  said 
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committee  to  supplement  the  report  above  referred  to  with  the  following  figures,  hav- 
ing reference  to  the  passenger  business : 


Years. 


18^ 
1876 
1877 
1878 
1879 


Passenger- 
cars. 


13,168 
13,565 
12,976 
12,258 
12,500 


Baggage- 
cars. 


3,865 
4,683 
5,143 
3,873 
4,200 


Passengers. 


192,318 
209,630 
140,285 
129,118 
162,500 


The  above  figures  are  official,  having  been  furnished  me  by  Mr.  Broughton,  genera 
manager  of  the  Great  Western  Railway. 
Yours  faithfully, 

Jas.  McMillan, 
Chairman  Citizen^  Committee. 
To  the  Board  op  United  States  Enqineejis, 

In  re  proposed  Detroit  River  Bridge, 


No.  13. —ABSTRACT  SHOWING  NUMBER  OF  VESSELS  PASSING  WINDMILL  POINT  LIGHT- 
JJhOUSB,  FORT  GRATIOT  LIGHT-HOUSE,  AND  THE  SAINT  CLAIR  FLATS  LOWER  LIGHT. 

Office  of  Light-House  Inspector, 

Eleventh  District, 
Detroity  Mich.j  November  20,  1879. 

I^Dear  Sir  :  As  requested  in  your  communication  of  this  date,  I  inclose  herewith  a 
tabulated  statement  taken  from  the  quarterly  reports  of  the  keeper  of  Windmill  Point 
light,  showing  the  number  and  kind  of  vessels  passing  that  station  during  the  years 
lS'8  and  1879. 

I  would  suggest  that  the  reports  of  the  keeper  do  not  embrace  all  the  vessels  that 
pass  that  station,  for  there  being  only  one  keeper,  he  is  not  required  to  be  always  on 
watch,  and  many  vessels  no  doubt  pass  that  are  not  recorded. 

As  it  may  be  of  some  service  to  your  Board,  I  also  inclose  statements  showing  the 
vessels  that  passed  the  Fort  Gratiot  and  Saint  Clair  Flats  Canal  (lower)  lights  during 
the  year  1878,  and  from  the  opening  of  navigation  to  June  30,  1879. 

The  report  of  passing  vessels  is  now  made  annually  instead  of  quarterly  as  hereto- 
fore, so  that  for  the  latter  stations,  I  have  information  only  np  to  the  date  mentioned, 
but  for  Windmill  Point  a  special  report  was  made  by  the  keeper  up  to  November  1, 
1879. 

I  consider  the  statement  for  Fort  Gratiot  light  the  most  accurate,  as  there  are  two 
keepers  at  the  station  and  both  of  them  are  sailors,  who  take  an  interest  in  keeping  a 
correct  record  of  the  vessels  that  pass  their  light. 
Very  truly,  yours, 

J.  N.  Miller,     . 
Light-house  Inspector^  Eleventh  District, 

Lieut.  Col.  W.  F.  Raynolds, 

Brevet  Brigadier-General^  U.  S,  A. 
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Office  of  Light-House  Inspector, 

Eleventh  District, 
Detroit f  Mich,,  November  20,  1879. 

AbBtraot  from  keepered  returns  of  veesela  passing  the  Windmill  Point  light-station  during  the 
year  1878,  and  from  the  opening  of  navigation  to  November  1,  1879. 
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J.  N.  Miller, 
Commander f  United  States  Navy,  Inspector  Eleventh  District, 


Office  of  Light-House  Inspector, 

Eleventh  District. 
Detroit  J  Mich.,  November  20,  1879. 

Abstract  from  keeper's  returns  of  vessels  passing  Fort  Gratiot  light-station  during  the  year 

1678,  and  from  the  opening  of  navigation  to  June  30,  1879. 
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J.  N.  Miller, 
Commander  United  States  Navy,  Inspector  Eleventh  District. 
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Office  of  Light-House  Inspector, 

Eleventh  ]^istrict, 
Detroit  Mich.j  November  20,  1^79. 

Abstract  from  keeper's  returns  of  vessels  passing  Saint  Clair  Flats  Canal  lower  light-station 
-  ^        during  the  year  1878,  and  from  the  opening  of  navigation  to  June  30,  1879. 
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J.  N.  Miller, 
Commander  United  States  Navy,  Inspector  Eleventh  District, 


No.  14. — RESOLUTION  OF  THE  BUFFALO  BOARD  OF  TRADE  AGAINST*  A  BRIDGE. 


Buffalo  Board  of  Trade, 

Buffalo,  N.  F.,  November  20,  1879. 

At  a  Dieeting  of  members  of  the  Buffalo  Board  of  Trade  held  this  morniug  on 
'change,  the  president,  Jevvett  M.  Richmond,  esq.,  in  the  chair,  the  following  preamble 
and  resolutions  were  offered  by  Townsend  Davis,  esq.,  and  on  motion  unanimously 
ado])tod : 

Whereas,  the  Board  of  Trade  of  the  city  of  Buffalo  loam  that  a  commission,  emi)ow- 
ered  by  Cougiess,  is  now  in  session  at  Detroit  for  the  purpose  of  determiniug  whether 
a  tunnel  under  the  Detroit  River,  or  a  bridge  across  that  stream,  should  be  built ;  and 
whereas  this  Board  regards  tlie  question  as  one  of  great  importance  to  the  conuuerce 
of  the  lakes  and  of  the  country;  and  whereas  it  is  the  opinion  of  this  Board  that  the 
creation  of  a  bridge  across  the  river  wouhl  be  an  obstruction  to  navigaticm,  and  in 
direct  opposition  to  the  i)rinciple  of  the  great  ordinance  by  which  it  was  proposed 
forever  to  establish  the  freedom  and  promote  the  facilities  of  commerce  upon  the 
great  waters  of  the  Northwest,  and  in  conflict  with  the  substance  of  that  decision  of 
the  Supreme  Court  of  the  United  States  declaring  the  international  character  of  those 
waters,  and  as  a  ])ractieal  (luestion  in  conflict  also  with  the  best  business  intelligence 
of  the  country  :  Now,  therefore,  it  is 

Resolved,  That  in  the  opinion  of  this  Board  of  Trade  the  bridging  of  the  Detroit 
River  at  or  near  Detroit  would  be  a  great  injury  to  commerce  and  leading  business 
interests  of  the  country ;  and  this  Board  most  earnestly  requests  the  commission  to 
report  in  the  strongest  terms  against  the  erection  of  such  bridge. 

Correct  extract  from  minute-book. 

William  Thurstone, 

Secretary. 
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A  A  3. 
BRIDGE  ACROSS  THE  MISSISSIPPI  RIVER  AT  FORT  SNELLING,  MINNESOTA. 

Engineer  Office,  United  States  Army, 

Saint  Paul,  Minn.,  March  3,  1880. 

General  :  I  have  the  honor  to  present  the  following  report  pertaining 
to  the  Fort  Snelling  Bridge,  its  completion  and  test.  The  aet  of  Con- 
gress approved  June  20,  1878,  provides — 

That  the  sum  of  sixty-five  thousand  dollars  be,  and  the  same  is  herebyj  appropri- 
ated out  of  any  money  in  the  Treasury  not  otherwise  appropriated,  to  aid  m  the  con- 
struction ami  completion  of  a  free  wagon  bridge,  with  stone  abutments,  Or  stone  and 
iron  abutments,  and  iron  superstructure,  across  the  Mississippi  River  at  or  near  Fort 
Snelling,  between  the  military  reservation  of  the  United  States  upon  which  said  fort 
is  situated  and  a  point  nearly  opposite  said  fort  in  the  county  of  Ramsey,  Minnesota : 
Provided,  That  duch  bridge  shall  be  constructed  without  the  expenditure  of  any  other 
or  greater  sum  of  money  from  the  Treasury  of  the  United  States :  Provided  also,  That 
the  height  of  said  bridge  shall  be  at  least  6ti  feet  above  high-water  mark,  and  that  a 
span  of  at  least  200  feet  in  the  clear  be  provided  from  the  right  or  Fort  Snelling  bank 
of  said  river  toward  the  left  bank  thereof:  Provided  further,  That  said  bridge  shall  be 
and  forever  remain  a  public  highway,  free  to  the  United  States  of  America  and  to  all 
the  people  thereof. 

That  the  location  of  said  bridge,  and  the  plans,  specifications,  and  estimates  for  the 
construction  and  completion  thereof,  shall  be  approved  by  the  Secretary  of  War.  And 
wheneveip  the  said  bridge  shall  have  been  fully  completed,  as  hereinbefore  provided, 
opened  to  travel,  and  irr^vokably  dedicated  as  a  public  highway,  free  to  the  United 
States  of  America  and  all  the  people  thereof,  the  Secretary  of  the  Treasury  shall  pay 
to  the  persons  entitled  to  receive  the  same  by  reason  of  the  construction  of  said  bridge, 
or  to  the  commissioners  authorized  to  build  said  bridge^  the  said  sum  of  sixty-five 
thousand  dollars,  which  sum  is  hereby  appropriated  for  said  purpose :  Provided^  That 
said  bridge,  when  constructed,  shall  be  kept  m  good  order  and  repair  by  the  county 
of  Ramsey,  Minnesota ;  and  the  United  States  shall  never  be  liable  to  any  expense  in 
the  maintenance  or  repair  of  said  bridge. 

That  the  commissioners  authorized  to  build  said  bridge  under  a  special  act  of  the 
legislature  of  Minnesota,  entitled  "An  act  to  authorize  and  provide  for  the -construc- 
tion of  a  free  bridge  across  the  Mississippi  River  at  or  near  Fort  Snelling,  and  to  lay 
out  suitable  roads  and  approaches  thereto,"  approved  March  second,  eighteen  hundred 
and  seventy-six,  and  the  acts  amendatory  thereof,  and  their  successors,  be,  and  they 
are  hereby,  authorized  to  abut  said  bridge  upon  the  lands  of  the  United  States  known 
as  the  Fort  Snelling  military  reservation,  and  to  constnict  and  maintain  an  abutment 
thereon  for  said  bridge,  at  such  point  as  the  Secretary  of  War  shall  approve,  and  to 
survey,  locate,  open,  and  maintain  public  roads  or  highways  from  said  bridge,  for 
which  purpose  a  right  of  way  not  exceeding  100  feet  in  width,  from  said  bridge,  across 
said  military  reservation,  upon  such  line  or  Jines  as  the  Secretary  of  War  shall  direct 
or  approve,  is  hereby  given  and  granted  to  said  commissioners  and  their  successors. 

The  commissioners,  appointed  by  name,  by  an  act  of  the  legislature, 
chose  Mr.  J.  S.  Sewall  as  their  engineer.  He  drew  up,  under  the  direc- 
tion of  the  Board  of  Bridge  Commissioners,  a  set  of  general  specifica- 
tions which  were  submitted  to  a  Board  composed  of  Brigadier-General 
Terry,  commanding  the  Department  of  Dakota,  and  Major  and  Bvt. 
Maj.  Gen.  G.  K.  Warren,  Corps  of  Engineers,  who,  from  West  Point, 
made,  July  19, 1878,  a  report,  approving,  generally,  the  plans  and  spec- 
ifications as  submitted. 

By  letter  of  the  Chief  of  Engineers,  of  the  27th  of  July,  1878,  I  was 
assigned  to  the  general  supervision,  on  the  part  of  the  government,  of 
the  construction  of  the  bridge.  Ground  was  broken  for  the  bridge  be- 
fore I  was  able  to  visit  the  location. 

•  •••••• 

Mr.  Guy  Wells,  assistant  engineer,  was  detailed  from  this  office  to 
inspect  the  bridge  work  to  the  extent  of  securing  compliance  with  the 
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specifications.  For  the  details  of  the  work  done  as  well  as  for  an  under- 
standing of  the  differences  that  occurred  from  time  to  time,  between  the 
Board  of  Bridge  Commissioners,  their  engineer,  and  myself,  I  would  re- 
fer to  my  several  letters  to  the  department  upon  that  subject  and  es- 
pecially to  my  letter  of  January  6,  1879,  accompanied  by  tiie  plans  of 
and  calculations  for  the  superstructure  adopted  by  the  Board  of  Com- 
missioners. 

The  masonry  work  was  finished  by  the  19th  of  June,  1879. 

Specifications  for  the  iron- work  fthe  superstructure)  and  invitations 
to  bid  for  the  same,  were  issued  in  August,  1878,  by  the  Board  of  Bridge 
Commissioners  and  their  engineer,  the  30th  of  September,  1878,  being 
named  as  the  day  for  opening  the  bids.  The  specifications  drawn  up 
by  the  bridge  engineer,  contained  only  general  stipulations  as  to  di- 
mensions, quality  of  material,  and  factors  of  safety.  Thirty-two  bids 
in  all  were  received.  The  Board  of  Bridge  Commissioners  awarded  the 
<5ontract  to  H.  B.  Horton  &  Co.  Although  the  style  of  bridge  (deck  can- 
tilever) was  not  what  I  would  have  chosen^  I  stated  in  my  letter  of  the 
6th  of  January,  1879,  that  the  bridge,  if  built  as  indicated  in  the  speci- 
fications and  as  delineated  on  the  strain  sheets,  would  be  strong  enough. 
The  plan  was  approved  of  by  the  honorable  Secretary  of  War.  The 
original  specifications  (July  5,  1878)  required ; 

'  The  iron  superstructure  to  be  so  proportioned  and  constructed  that,  with  a  load  of 
1^800  pounds  per  linear  foot  upon  the  whole  or  any  part  thereqf,  there  shall  be  no  ten- 
sile strain  upon  any  part  of  the  structure  exceeaine  12,000  pounds  per  square  inch, 
and  no  compressive  strain  exceeding  one-fourth  of  tne  breaking  weight  of  the  part  as 
calculated  by  Gordon's  fprmula. 

Gordon's  formula,  adapted  to  American  practice  (for  wrought  iron)  is: 

40000 
P  =  1  -f     l^ 


40000  r« 
in  which — 
P  =  Strength  per  square  inch  in  pounds ; 
I  =  Lengtn  in  inches ; 
r  =  Least  radius  of  gyration,  in  inches ; 

The  specifications  accompanying  the  advertisement  of  the  engineer 
of  the  bridge  (Mr.  J.  S.  SewaU)  stated  the  above  as  the  formula  to  be 
observed  in  calculating  strains  of  compression.  This  formula  has  vari- 
ous modifications ;  the  last,  and  probably  the  most  reliable,  are  those 
given  in  the  "  general  specifications  for  a  wrought-iron  railway  draw- 
bridge to  be  erected  for  the  Chicago,  Milwaukee  and  Saint  Paul  Rail- 
way Company  over  canal  in  the  city  of  Milwaukee  1879.''    They  are — 
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The  pin  being  so  placed  that  the  moment  of  inertia  is,  as  near  as  practicable^  equa  1 
on  botn  sides  of  same ;  use  formula  for  square  column.  The  maximum  strain  per- 
mitted in  any  purely  compressive  member  will  be  the  quotient  resulting  from  dividing 
the  ultimate  strength,  as  determined  by  the  above  formula,  by  a  co-efificient  of  safety 

equal  to  4  -f  -rjrrr,  ^ '  H,''  as  before,  being  the  measure  of  length  in  terms  of  least  diameter. 
100 

The  specifications  prepared  by  the  bridge  engineer  provided  for  a 
iTind  force  of  50  pounds  per  sqaare  foot  of  superstructure.  The  floor 
members,  and  other  members  supporting  the  load  of  one  panel  only,  not 
to  be  strained  to  more  than  one-fifth  of  their  breaking  weight  by  a  load 
(livQ)  of  100  pounds  per  square  foot.  Sheaving  strains  upon  pins  or 
rivets  not  to  exceed  8,000  pounds  per  square  inch.  All  iron  subjected 
to  tension  to  have  an  elastic  limit  exceeding  25,000  pounds  per  square 
inch,  and  to  be  capable  of  bending  short  at  least  90°  without  breaking. 

The  strain  upon  the  outer  fibers  of  the  supporting  pins,  stated  in  terms 
of  the  areas  of  cross-section  of  the  pins,  was  not  touched  upon  in  the  specifi- 
cations. The  rule  and  formula  for  calculating  this  pin  strain  is  a  conven- 
tional one  amongst  engineers,  and  has  only  of  late  years,  through  the 
eflorts  of  most  distinguished  bridge  engineers,  received  proper  atten- 
tion. Specifications  for  bridges  that  required  large  factors  of  safety, 
for  tensile  strains,  have  so  ignored  pin  strains  as  to  admit  of,  for  the 
tensile  strain  upon  the  outer  fiber,  as  high  as  50,000  to  60,000  pounds 
per  square  inch  of  cross-section  of  pin,  while,  at  the  same  time,  no  ten- 
sile strains  upon  ties,  &c.,  were  allowed  to  exceed  one-fifth  of  the  break- 
ing weight.  Still,  as  the  formula  for  deducting  the  sum  of  the  bending 
moments  upon  a  pin  is  conventional  and  very  safe,  engineers  have,  to 
date,  allowed  the  theoretical  tensile  strain  upon  the  outer  fiber  to 
exceed  tensile  strains  upon  other  members  by  50  per  cent.  In  the  ease 
of  the  specifications  for  the  Milwaukee  draw-bridge,  above  referred  to, 
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a  specimen  of  highest  American  practice,  the  allowable  strains  upon 
tensile  members  are  stated  as  follows : 

For  tensile  strains  in  primary  members  ot'the  truss,  or 
those  upon  which  the  principal  weight  comes  directly 
from  the  floor-beam 8, 000  pounds  per  square  inch^ 

For  strains  in  secondary  members,  or  those  which  re- 
ceive their  principal  strains  through  the  piimaries. .     9, 000  pounds  per  square  inch, 

Sti'ains  in  tertiary  members 10, 000  pounds  per  square  inch, 

i&C. 

And  the  strains  on  extreme  fibers  of  pins,  caused  by  bending,  not  to 
exceed  15,000  pounds  ])er  square  inch,  and,  in  determining  this  bending 
strain,  the  leverage  distance  to  be  considered  as  from  center  of  eye-bar 
to  center  of  bearing  or  of  opx)osite  eye-bar.  The  tensile  strain  on  outer 
fiber  is  allowed  to  be  50  per  cent,  more  than  on  the  tie^bars,  &c. 

The  contractors  for  the  superstructure  made  their  own  bargains  with 
the  Keystone  Bridge  Company,  of  Pittsburgh,  Pa.,  for  the  iron.  Con- 
sidering it  as*  necessary  to  have  the  shop- tests  superintended  by  some 
person  in  whose  reports  confidence  could  be  placed,  I  informed  the  Board 
of  Bridge  Commissioners  that  such  should  be  provided  fbr.  They  re- 
quested me  to  nominate  a  person,  to  be  paid  by  themselves.  Colonel 
Merrill,  to  whom  I  applied,  kindly  named  Mr.  Charles  Davis.  He  was 
accordingly  employed  by  the  Board  of  Bridge  Commissioners.  His  re- 
ports are  clear,  satisfactory,  and  highly  interesting.  If  time  permits,  I 
hope  to  be  able  to  tabulate  his  and  other  inspection  reports. 

The  contract  between  Horton  &  Co.  and  the  Bridge  Commissioners 
provided  for  the  superstructure  to  be  finished  by  September  1, 1879,  and 
requiring  a  forfeiture  of  $25  per  day  for  each  and  every  day  after  that 
date  that  the  completion  of  the  superstructure  was  delayed. 

From  various  causes  the  completion  of  the  superstructure  was  delayed 
until  the  end  of  January,  1880.  Occasionally  a  small  lot  of  iron  reached 
the  ground ;  the  advance  in  prices  of  iron  following  the  increased  demand 
for  the  same  doubtless  embarrassed  the  contractors  somewhat.  But  the 
local  press,  the  people,  and  the  garrison  at  Fort  Snelli ug  demanded  the 
early  completion  of  the  structure.  Governed  by  these  considerations, 
by  the  delay  in  finishing  the  work,  and  the  almost  daily  report  that 
the  superstructure  was  about  to  be  finished,  and  feeling  the  gratw  re- 
sponsibility of  certifying  to  the  sum  of  $65,000  of  public  money;  and, 
furthermore,  expecting  to  be  absent  from  Saint  Paul  more  or  less  during 
the  winter,  I  directed  Assistants  J.  P.  Frizell,  Guy  Wells,  and  C.  J.  A. 
Morris  of  my  office  to  keep  themselves  fully  informed  as  to  the  progress 
of  the  bridge,  to  test  it  when  i)ronounce4  completed,  to  review  at  length 
the  whole  history  of  the  bridge,  and  to  make  report  thereon.  I  required 
a  test  live  load  to  be  placed  upon  the  bridge  of  1 ,800  pounds  per  linear  foot. 
Ice  was  found  to  be  the  most  convenient  material  with  which  to  load  the 
bridge.  A  cubic  foot  of  ice  weighs  about  57.2  pounds.  Ice,  when  cord- 
ed up  in  blocks  as  for  sale,  is  averaged  at  about  47  pounds  per  cubic  foot. 
I  was  absent  in  Washington  when  the  tests  were  made,  but  I  had  pre- 
viously given  specific  instructions  as  to  pliicing  the  rod.  Mr.  Charles 
Wanzer,  assistant  engineer,  rendered  efficient  service  in  making  the  final 
tests. 

It  was  agreed  between  the  bridge  engineer  (Mr.  SewaU)  and  myself 
that  the  deflection  should  not  exceed  the  y^j^  part  of  the  length  of 
span. 

The  report  of  the  board  of  assistants  appointed  by  me,  and  the  tracing 
of  test  sheet  herewith,  will  fully  explain  the  nature  and  extent  of  the 
t6Sts  which  showed  the  bridge  to  be  sufficiently  *'  stiff,^    The  wind-pres- 
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sure  allowable  was  pla<3ed  at  50  pounds  per  square  foot  (represented  by 
wind  velocity  of  100  miles  per  hour).  The  highest  velocity  recorded  at 
Saint  Paul  sinco  the  establishment  here  of  the  United  States  Signal 
Station  is,  I  am  told,  a  velocity  aiibrding  about  13  pounds  pressure  per 
square  foot.  The  common  practice,  in  calculating  for  wind-pressure,  is 
to  regard  the  wind  as  passing  between  the  web-members  and  acting 
with  the  same  force  upon  the  web-members  upon  the  opposite  truss. 
Where  the  web-members  exposed  flat  surfaces  the  factor  (50  pounds)  was 
doubled. 

Where  the  surfaces  were  curved  (circular)  the  factor  was  not  doubled. 
Where  the  wind  would  be  fairly  checked  and  not  allowed  to  "pass 
through,"  50  x>ounds  was  taken  as  the  factor.  The  sum  of  the  partisd 
moments  tending  to  overturn  the  structure  was  less  than  the  moment 
of  gravity,  understanding  by  the  latter  term  the  product  of  the  weight 
of  the  superstructure  into  one-half  its  width  of  base,  or  overturning  mo- 
ment, <  moment  of  gravity. 

Calculations  for  the  resistance  of  the  superstructure  to  lateral  motion 
(bodily)  under  wind-pressure  were  also  made.  The  product  of  the  weight 
by  the  coeflScient  of  friction  exceeded  the  lateral  wind-pressure  expressed 
in  pounds.  But  to  insure  safety^  a  flange  of  wrought-iron  was  placed 
around  the  bed-plate  on  each  main  pier.  And  to  insure,  further,  the 
safety  of  the  three  long  spans,  the  ends  of  the  135  feet  and  181^  feet 
spans  have  been  anchored  into  the  piers,  and,  furthermore,  one  of  the 
sway-braces  at  each  pier  has  been  lengthened  and  anchored  into  the 
pier.  In  the  case  of  a  continuous  structure,  vibritions  caused  by  blows 
or  impact  at  any  point  are  perceived,  generally,  throughout  the  length 
of  the  structure,  and  frequently  erroneous  notions  as  to  its  strength 
gain  credence.  Again,  the  270  feet  span,  being  supported  solely  by 
pins,  may  vibrate  somewhat  after  the  manner  of  a  pendulum  under 
heavy  gusts  of  wind.  But  for  vibration  to  exert  its  maximum  effect 
the  periods  of  vibration  must  coincide  with  the  periods  between  impact. 

The  bridge  is  probably  the  strongest  wagon  bridge  in  this  vicinity, 
although  without  merit  as  to  architectural  effect.  It  will  withstand 
all  but  such  extraordinary  gales  or  hurricanes  as  defy  engineering  skill 
and  which  occasionally  visit  the  Mississippi  Valley.  The  final  test  was 
a  severe  one. 

The  report  of  the  board  of  assistants  appointed  by  me  is  forwarded 
herewith,  as  it  contains  a  narrative  of  the  work.    I  also  forward  a  tracing 
showing  the  results  of  the  tests  made  under  my  direction. 
Very  respectfully,  your  obedient  servant, 

Chas.  J.  Allen, 

Captain  of  Engineers. 

Brig.  Gen.  H.  G.  Wright, 

Chief  of  Engineers^  IF.  8,  A. 
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141 
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Subject. 


Florida  Ship  Canal,  survey  for 

Flnahlng  Bay.  K.T.,  improvement  of 

Fort  Brown.  Tex. ,  protection  of  river  bank  at 

Fort  Columons,  N.  Y.  Harbor,  sea  wall  at  Governor's 

Island 

Fort  Leavenworth,  Eans.,  improvement  of  Missouri 

Blver  at 

Fort  Madison,  Iowa,  improvement  of  harbor  at 

Fortifications,  northern  frontier 

Fortifications,  Atlantic  coast 

Fortifications,  Gulf  of  Mexico 

Fortifications,  Pacific  coast 

Fourche  La  Feve^  Ark.,  improvement  of 

Fox  and  Wisconsin  lUvers^  improvement  of 

Frankfort  Harbor,  Mich. ,  improvement  of 

French  Broad  Blver,  K.  C. ,  improvement  of 

French  Broad  River,  Tenn. ,  improvement  of. 

Fusilier  Bayou,  La.,  examination  of 

G. 


Galena  River  and  Harbor,  HI.,  improvement  of 

Galveston  Bay.  ship  channel  in,  improvement  of. 

Galveston  Haroor,  Tex.,  improvement  of  entrance  to. .. 

Gasconade  River,  Mo.,  survey  of 

Gasconade  River,  Mo.,  Improvement  of 

Geographical  explorations  and  surveys  west  of  100th 
meridian 

Geological  explorations  40th  parallel,  completion  of  . .. 

Georgetown  and  Washington  Harbors,  D.  0.,  improve- 
ment of 

Georgetown  Harbor,  S.  C,  examination  of 

Glasgow,  Mo.,  improvement  of  Missouri  River  at 

Gowanus  Bay,  K.  x .,  examination  of 

Grand  Haven  Harbor,  Mich.,  improvement  of 

Grand  Caillon  Bayou,  La.,  examination  of 

Grand  Gulf,  Miss.,  harbor  at,  examination  of 

Grand  Lake  Bayou,  La.,  examination  of 

Grand  Marais,  Minn.,  improvement  of  harbor  at 

Grand  Marais.  Mich. ,  harbor  of  refuge  at 

Grand  River  (Fairport)  Harbor,  Ohio,  improvement  of. 

Grand  River,  mouth  of,  at  Bninswick,  Mo.,  examina- 
tion of 

Grand  River,  Mich.,  examination  of 

Grass  River  at  Masseua,  N.  Y.,  examination  of 

Great  Kanawha  River,  W.  Va.,  improvement  of 

Great  Sodus  Harbor,  N.  Y.,  improvement  of 

Green  Bay,  Wis.,  improvement  of  harbor  at 

Green  River,  Ky,,  examination  of 

Guyandotte  River,  W.  Va.,  improvement  of 

H. 


Page. 


PartL 


Hampton  River,  Va. ,  improvement  of 

Harbor  of  refuge  at  Portage  Lake,  improvement  of 

Harbor  of  refuge.  Lake  Huron 

Harbor  of  refuge  near  Cincinnati,  Ohio,  construction  of. 

Harbor  of  refuge,  Portage  Lake  and  Lake  Superior  Ship 
Canal,  survey  for 

Harbor  of  refuge.  Portage  Lake  and  Lake  Superior  Ship 
Canal,  improvement  of 

Harbor  of  refuge.  Sturgeon  Bay  Canal,  Wis.,  construc- 
tion of 

Harbor  of  refuse  at  Grand  Marais,  Mich 

Hnrlem  River,  N,  Y.,  improvement  of 
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2009 
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1799 
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1882 
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1925 
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1906 
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Subject. 


Hell  Gate,  N.  T.,  improvement  of  Davigation  at 

Hempstead  Harbor,  N.  Y.,  examination  of 

Hiawassee  River,  Tenn.,  improvement  of 

Hoosatonio  Biver,  Conn.,  improvement  of 

Holmes  Creek,  Fla.,  examination  of 

Holston  River,  Tenn.  and  Ya.,  examination  of. 

Hudson  River,  N.  Y.,  improvement  of. 

Hudson  River,  K.  Y.,  proposed  improvement  at  New 

Baltimore 

Humboldt  Bay,  CaL,  examination  of  channel  in. 

Huron  Harbor,  Ohio,  improvement  of 

Hyannis  Harbor,  Mass.,  improvement  of 

I. 

Ice  breakers,  Ohio  River,  at  Parkersburg,  examination 
for 

Ice  harbor  at  Cincinnati,  Ohio,  construction  of 

Ice  harbor  at  mouth  of  Muskingum  River 

Ice  harbor,  Bellaire,  Ohio  River,  examination  for 

Ice  harbor  at  mouth  Little  Kanawha,  W.  Ya.,  examina- 
tion for 

Ice  harbor.  Point  Pleasant,  W.  Ya.,  examination  for... 

Ice  harbor,  head  of  Delaware  Bay,  examination  for  . . . 

Ice  harbor  at  Reedy  Island,  Delaware  River,  condition  of. 

Ice  harbor  at  Marcus  Hook,  Pa. .  construction  of. 

Ice  harbor  at  Chester,  Pa.,  condition  of 

Ice  harbor  at  New  Castle,  Del 

Ice  harbor  at  Saint  Louis,  Mo. ,  construction  of. 

Illinois  River,  improvement  of 

Illinois  River,  examination  and  survey  of 

Inside  passage  between  Femandina  and  Saint  John's 
River,  Fla.,  improvement  of 

J. 

Jamaica  Ba^,  water- way  from  Cornell's  Landing,  N.  Y., 

examination  of 

James  River,  Ya.,  improvement  of 

Jonesport,  Me.,  survey  of  Moosebeck  Bar  at , 

Jetties  at  South  Pass  of  the  Mississippi,  in8X>ection  of.. 

K. 

Kanawha  River,  Great,  improvement  of 

Kanawha  River,  Little,  improvement  of 

Kankakee  River,  111.  and  Ind. ,  survey  of , 

Kansas  City,  Mo.,  improvement  of  Missouri  River  at. .. 

Kennebunk  River,  Me.,  impiovement  of 

Kenosha  Harbor,  Wis. ,  improvement  of , 

Kent  Island  Narrows,  Md.,  improvement  of 

Kentucky  River,  Ky. ,  improvement  of. 

Kewanuec,  Mich.,  harbor  at,  examination  for 

li. 

La  Crosse,  Wis.,  improvement  of  Mississippi  River  at . 

Lake  harbors  and  rivers 

Lakes,  Northern  and  Northwestern,  survey  of 

Lake  Wiunibigoshish,  experimentaJ  dam  at 

L'Auguille  Kivor,  Ark.,  improvement  of 

LawH  of  Forty-sixth  Congress,  second  session,  affecting 

Coqisof  Engineers , 

Leonard  town  Harbor,  Md.,  improvement  of , 

Lewes,  Del.,  construction  of  piers  at 
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Subject. 


LiUington  Biver^.  C. ,  examination  of. 

Lin  Haven  Bay,  va.,  snrvey  of. 

Link  Horn  Bay,Va.,  snrvey  of 

Little  Caillon  Bayou,  La.,  examination  of 

Little  Creek,  Del.,  examination  of 

Little  Kanawha  River,  W.  Va.,  improvement  of 

Little  Kanawha  River,  month  of,  ice  harbor,  examina- 
tion for 

Little  Lake,  La. ,  examination  of 

Little  Narragansett  Bay,  R.  L  and  Conn.,  improvement 
of 

Little  Sodus  Harbor,  N.  Y.,  improvement  of 

Lockwood^s  Folly  River,  N.  C,  examination  of 

Louisville  and  Portland  CanaL,  superintendence  and 
management  of 

Lower  Willamette  and  Columbia  rivers,  Oreg.,  im- 
provement of 

Lubeo  Channel,  Me.,  improvement  of 

Lndington  Harbor,  Mich. ,  improvement  of 

Lynch's  River,  S.  C. ,  examination  of 

Lloyd's  Harbor,  N.  Y.,  channel  from,  to  Cold  Spring  Bay, 
examination  of 

IS. 

Maiden  River,  Mass.,  examination  of 

Manasqnan  Ri ver^jN.  J. ^  improvement  of 

Manistee  Harbor,  Wis.^  improvement  of 

Manistique  Harbor,  Mich.,  improvement  of 

Manistique  River,  Mich. ,  examination  of 

Manitowoc  Harbor,  Wis. ,  improvement  of 

Maps,  military,  geographical,  and  lake  survey,  prepara- 
tion of 

Mackinac  Breakwater,  Mich. ,  survey  for , 

Marcus  Hook,  Pa.,  improvement  of  ice  harbor  at 

Marquette  Harbor,  Mich. ,  improvement  of 

Matagorda  Bay,  Tex.,  improvement  of  entrance  to 

Mattaponi  River,  Va. ,  improvement  of 

Mattawan  Creek,  N.  J.,  examination  of   , 

Meramac  River.  Mo.,  examination  of 

Meeker's  Islana,  Minn.,  lock  and  dam  at 

Memphis,  Tcnn. ,  protection  of  water  front  of 

Menomonee  Harbor,  Mich,  and  Wis.^  improvement  of.. 

Merrimac  River^  Mass.,  examination  of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Milford  Harbor,  Conn.,  improvement  of 

Military  road  from  Camp  Stewart  to  Scottsburg,  Oreg., 
construction  of 

Milwaukee  Harbor,  Wis.,  improvement  of 

Milwaukee  Bay  and  Harbor,  examination  of. 

Minnesota  River,  Minn.,  improvement  of , 

Minnesota  River  near  Bclleplain,  Minn.,  examination  of 

Mispillion  Creek,  Del.,  improvement  of 

Mississippi,  Missouri,  and  Arkansas  rivers,  operations 
of  snag-boats  on , 

Mississippi  River: 

above  Falls  of  Saint  Anthony,  improvement  of 

at  Alexandria,  Mo.,  examination  of 

at  Andalusia,  Mo.,  examination  of 

at  Burlington,  Iowa,  improvement  of 

at  Cape  Girardeau,  improvement  of 

at  Des  Moines  Rapids,  improvement  of , 

at  Dubuque,  Iowa,  improvement  of , 

at  Falls  of  Saint  Anthony,  improvement  of 

at  Fort  Madison.  Iowa,  improvement  of 
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Subject. 


MiBsissippl  RiVer: 

at  Hannibal,  Mo.,  improvement  of 

at  La  Crosse,  Wis.,  improvement  of 

at  Louisiana,  Mo.,  examination  of 

at  Mascatine.  Iowa,  improvement  of 

at  Quincy,  Hl.  improvement  of 

at  Rock  Islana  Rapids,  improvement  of 

at  harbor  of  Rock  Island 

at  Sank  Rapids,  examination  of 

at  Natchez  andVidalia 

near  Lake  Concordia 

at  Yicksbnrg,  Miss 

at  Memphis,  Tenn 

upper,  operations  of  snag-boat  on 

at  Venice,  lU.,  examination  of 

between  the  months  of  the  Illinois  and  Ohio  riv- 
ers, improvement  of 

from  Des  Moines  Rapids  to  mouth  of  niinois  River, 
improvement  of  navigation  of 

from  Saint  Paul  to  Des  Moines  Rapids,  improvement 
of  navigation  of 

from  Saint  Paul  to  mouth  of  nUnois  River,  survey  of. 

from  Saint  Paul  to  Falls  of  Saint  Anthony,  survey  of. 

opposite  mouth  of  Missouri,  survey  of. 

reservoirs  at  sources  of,  surveysfor 

at  Saint  Genevieve,  examination  of. 

improvement  of  South  Pass,  inspection  of •. 

Missouri  River : 

above  the  mouth  of  the  Yellowstone,  improve- 
ment of.. 

at  Atchison,  Kans. ,  improvement  of 

at  Brownsville,  Nebr.,  improvement  of 

at  Brunswick,  Mo.,  examination  of 

at  Cedar  City,  improvement  of 

Council  Bluns,  improvement  of 

at  Eastport,  Iowa,  improvement  of 

at  Fort  Leavenworth,  Kans.,  improvement  of 

at  Glasgow,  Mo.,  improvement  of 

at  Kansas  Uity,  Mo.,  improvement  of 

at  Lexington,  Mo. ,  improvement  of 

at  Nebraska  City,  Nebr.,  improvement  of 

at  Omaha,  Nebr. ,  improvement  of 

at  Plattsmouth,  Nebr. ,  improvement  of 

between  Omaha  and  Plattsmouth,  Nebr.,  improve- 
ment of 

at  Saint  Charles,  Mo.,  improvement  of 

at  Saint  Joseph^  Mo. ,  improvement  of 

at  Sioux  City,  Iowa,  improvement  of 

at  Vermillion,  Dak. ,  improvement  of 

survey  of,  from  its  mouth  to  Sioux  City,  Iowa,  and 
to  Fort  Benton,  Mont 

at  Boone  ^ille,  Mo. ,  examination  of 

at  Tuque  Creek,  Mo. ,  examination  of 

at  Niobrara,  Nebr. ,  examination  of 

at  Tankton,  Dak. ,  examination  of . . 

general  remarks  on  improvement  of 

Mobile  Harbor,  Ala. ,  improvement  of 

Monongahela  River,  improvement  of 

Mount  Vernon,  Va.,  improvement  of  channel  at 

Monroe  Harbor,  Mich. ,  improvement  of 

Moosebec  Bar,  Jonesport,  Me.,  survey  of 

Morristique  River,  Mich.,  examination  of 

Movable  dam  at  Davis  Island,  Ohio  River 

Movable  dam  on  the  Sa6ne,  at  Lyons,  France 

Muddy  River,  Ky.,  examination  of 
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Subject. 


Mtuikegon  Harbor,  Mich.,  improvemeDt  of... 
MuAcatine,  Iowa,  improvement  of  harbor  at. 


If. 

Nansomond  River,  Va. ,  improvement  of 

Nantucket  Harbor,  Maas,,  survey  of 

Nantucket  Harbor,  Mane.^  improvement  of 

Narragannett  Bay,  B.  I.,  improvement  of 

Nanticoke  River,  DeL  and  lid.,  survey  of 

Nebraska  City,  Kebr.,  improvement  of  Missouri  River  at. 

Narraguagus  Kiver,  Me.,  mouth  of,  examination  of 

Natchez.  Miss.,  protection  of  harbor  at 

Neohos  Hiver,  Tex.,  improvement  of 

Nechos  River,  Tex.,  survey  of 

Neuse  River,  N.  C,  improvemeot  of 

New  Bedford  Harbor,  if  ass.,  improvement  of 

New  Buffalo  Harbor,  Mich.,  improvement  of 

Newbnryport  Harbor,  Mass.,  improvement  of 

Neabsco  Creek,  Va.,  examination  of 

New  Castle,  Del.,  ice  harbor  at 

New  Haven  Harbor,  Conn.,  improvement  of 

New  Haven  Harbor,  Conn.,  construction  of  breakwater 
at 


Now  Orleans,  La.,  improvement  of  harbor  at 

Now  River,  Va.  and  W.  Va.,  improvement  of 

Now  Rochelle,  N.  Y.,  improvement  at 

New  Rochelle  Harbor.  N.  Y.,  examination  of 

Newtown  Creek,  N.  Y.,  improvement  of,  at  Junction 
with  East  River 


Niagara  River,  at  mouth  of  Tonawanda Crook,  N.  Y.,  ex- 
atiUnation  of 

Nomini  (>rook,  Va.,  Impntvomont  of 

Nomlni  (^r(M«l(,  Va.,  examination  of 

NtMiltnaoli  Ulvor,  WiihIi.,  examination  of 

Norfolli  lIurlMir,  Va.,  iiuprovoinont  of 

NorOioiiMt.  Kivor.  Md.,  iuiprovomout  of 

NorOi  Laiuiiiig  Uivor,  Va.  and  N.  C,  imnrovomentof.. 

Noi'waili  llai'ltoi',  Oonn.,  iniiMHivommit  or 

Noi'Mi  UlvtM'  lliM',  (•iii'iKiiol(  Hound,  N.  C,  improvement 
of , 


NiilMiwii.v  IClvor,  Va.,  IniprovtMUcnt of.. 
N(Uiilit)o  l{lvor,  MiHM.,  ovtunination  of  .. 
Noiiiilmo  Itivor,  MImh.,  luiprovonuMit  of, 


O. 

Oakland  Ilurbor,  Cal. ,  IniprovemtMii  of 

Oak  Orcliard  Harbor,  N.  Y.,  inipwvcnumt  of 

Obcy'a  Kivor,  Tenn.,  improvemout  of 

Obiou  lii  vor,  Tenn.,  examination  of 

Occo(inan  River,  Va.,  improvement  of 

Ocmulgt?e  River,  Ga.,  improvement  of 

Oconee  River,  Ga.,  improvement  of 

Oconto  River,  Wis.,  examination  of 

Oclockoniie  River,  Fla.,  examination  of 

Ofllceof  the  Chief  of  Engineers 

Oflicers  of  the  Corps  of  Engineers,  number  of  duties  of. 

Ogdensliurgh  Harlior,  N.  Y.,  examination  of 

OgdenHhiirgli  I£arbor,  N.  Y.,  improvement  of 

Ohio  ]{iver  and  mouth  of  the  Little  Kanawha  River, 
W.  Va.,  for  ice  harbor,  &c.,  examination  and  survey 
of 


Ohio  Hiv(T,  imi)rovenieut  of 

Ohio  River,  improvement  of  falls  of 
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Subject. 


Ohio  Biyer  at  Hnrricane  Island,  HI.,  examination  of.. 

Oloott  Harbor,  N.  Y.,  improvement  of - . 

Omaha,  Kebr.,  improvement  of  the  Missouri  Biver  at. 

Onanoock  Harbor,  Ya. ,  improvement  of 

Ontonagon  Harbor,  Mich.,  improvement  of 

Oostenaola  Biver,  Ga.,  improvement  of 

Osage  Biver,  Mo.  and  Eans.,  improvement  of 

Oswego  Harbor,  N.  Y.,  improvement  of 

Otter  Creek^  Va.,  improvement  of '. 

Ouachita  Biver,  La.  and  Ark.,  improvement  of 

Outlet  of  Lake  Winnepesankee,  N.  H.,  survey  of 

Outlet  to  Wolf  Lake,  Ind.,  resurvey  of 


P. 


Pagan  Creek,  Ya.,  improvement  of 

Pamlico  Biver,  N.  C,  improvement  of 

Pamlico  and  Tar  Bivers,  N.  C,  appropriation  for  im- 
provement of 

Pamunkey  Biver,  Ya.,  improvement  of 

Pamunkey  Biver,  Ya.,  survey  of 

Pascagoula  Biver,  Miss.,  improvement  of 

Passaic  Biver,  N.  J.,  improvement  of 

Pass  Cavallo,  Tex.,  improvement  of 

PassManchao,  La.,  examination  of 

Patapsco  Biver,  Md.,  improvement  of 

Patohogue  Biver,  N.  Y. ,  examination  of 

Pawtudcet  Biver,  B.  I. ,  improvement  of 

Pea  Biver,  Ala.,  examination  of 

Pearl  Biver,  Miss.,  improvement  of 

Pee  Dee  Biver,  S.  C,  improvement  of 

Pee  Dee  Biver,  S.  C,  examination  of 

Penobscot  Biver,  Me.,  improvement  of 

Pensacola  Harbor,  Fla. ,  improvement  of 

Pentwater  Harbor,  Mich.,  improvement  of 


Pere  Marquette  Harbor,  Mich,  (see  Ludineton) 


Perquimans  Biver.  K.  C.,  improvement 

Petaiuma  Creek,  Cal.,  improvement  of 

Petaluma  Creek,  CaL,  examination  of 

Perth  and  South  Amboy  to  channel  in  Baritan  Bay,  N. 
J.,  examination  of 

Plattsburgh  Harbor,  N.  Y.,  improvement  of 

Pier  at  Lewes,  Del.,  construction  of. 

Plymouth  Harbor,  Mass.,  improvement  of. 

Poccossin  Biver,  N.  C,  examination  of 

Pocomoke  Biver,  Md. ,  improvement  of. 

Pohick  Creek,  mouth  of  Potomac  Biver,  Ya.,  examina- 
tion of 

Potomac  Biver  at  Mount  Yemon,  improvement  of. .... 

Port  Chester  Harbor,  N.  Y.,  improvement  of 

Portage  Lake^Mich.,  construction  of  harbor  of  refuge  at 

Port  Clinton  Harbor,  Ohio,  improvement  of. 

Port  Jefferson  Harbor,  L.  I.,  N.  Y.,  improvement  of 

Portland  Harbor,  Me. ,  i  mpro vement  of - 

Portsmouth  Harbor,  N.  H.,  improvement  of 

Port  Boyal  Biver,  S.  C. ,  examination  of 

Port-warden's  line,  at  Philadelphia 

Port  Washington  Harbor,  Wis.,  improvement  of- 

Potowomut  Biver,  B.  I.,  examination  of. , 

Port  Day,  Nia^a  Biver,  N.  Y.,  examination  of. 

Powell  Biver,  Ya.,  examination  of .* 

Providence  Biver,  B.  I.,  improvement  of 

Frovincetown  Harbor,  Mass.,  improvement  of. 

Public  building  and  grounds.  District  of  Columbia 

Pnltneyville  Harbor,  N.  Y.,  improvement  of , 
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I 


■ 
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Qninoy,  ni.,  improvement  of  Mississippi  Riyer  at. 
Qaeenstown,  Ma.,  improvement  of  harbor  at 


Racine  Harbor,  Wis. .  improvement  of. 

Rancocas  River,  N.  J.,  examination  of 

Rahway  River,  N.  J.,  improvement  of. 

Rai>pahannock  River.  Ya ,  improvement  of 

Raritan  River,  N.  J.,  improvement  of 

Reconnaissance  and  explorations 

Red  River,  La. : 

examination  for  improvement  of  falls  of 

improvement  of  Upper 

improvement  of  month  of 

removing  obstructions  from 

Red  River  raft.  La.,  removal  of..... 

Red  River  of  tne  North,  improvement  of 

Red  River  of  the  North,  Upper,  Minn,  and  Dak.,  exam- 
ination of 

Red  River,  Tenn. .  examination  of 

Reedy  Island,  Delaware  River,  ice  harbor  at 

Reservoirs  at  sources  of  Mississippi  River,  survey  for. . . 

Richmond  Island,  Me.,  harbor  improvement  of 

Richmond  Harbor,  Kennebec  River,  Me.,  examination 
of 


River  and  harbor  improvements 

Road,  military,  construction  of,  ^om  Scottsburg  to 

Camp  Stewart,  Oreg 

Roanoke  River,  N.  C,  improvement  of 

Rock  Island  Bridge,  sheer-booms  at 

Rock  Island  Harbor,  Mississippi  River,  improvement  at. 
Rock  Island  Rapids,  Mississippi  River,  improvement  at. 

Rockland  Harbor.  Me. ,  i  mpro vement  of. 

Rocky  River  Harbor,  Ohio,  improvement  of. 

Romney  Marsh,  near  Doboy,  Ga.,  examination  of 

Rondout  Harbor,  N.  T.,  improvement  of. 


8. 


Sabine  Pass,  Tex.,  improvement  of 

Saline  River,  Tex.,  improvement  of 

Sabine  River,  Tex.,  survey  of 

Sacramento  River,  Cal.,  improvement  of 

Sacramento  River,  Cal.^  Upper,  survey  of 

Sa^na w  River,  Mich. ,  improvement  of 

Saint  Anthony,  preservation  of  falls  of 

Saint  Augustine  Creek,  Ga,  improvement  of 

Saint  Charles  Mo.,  improvement  of  Missouri  River  at. 

Saint  Clair  Flats  snip-canal,  Mich 

Saint  Croix  River,  Wis. ,  improvement  of. 

Saint  Croix  River,  Wis.,  survey  of 

Saint  John's  River  and  Femandina,  Fla.,  deepening 
inside  passage  between r. 

Saint  John's  River,  water-way  from,  to  Charlotte  Har- 
bor, Fla.,  examination  of 

Saint  John's  River,  Fla.,  improvement  of  bar  at 
mouth  of 

Saint  Joseph,  Mo.,  improvement  of  Missouri  River  at .. 

Saint  Joseph  Harbor,  Mich.,  improvement  of 

Saint  Joseph's  River,  Mich.,  from  mouth  to  Elkhart, 
Ind.,  examination  of 

Saint  Jones'  Creek,  Del.,  examination  of 
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72 
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132 

81    494 


1543 


1342 
1304 
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1302 
1277 
1583 


15Q0 


145 
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220 
178 

129  957 
162 
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180 
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132 
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218 
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1539 
1534 
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1565 
1404 
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1661 
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Saint  Francis  and  White  Rivers,  Ark.,  improyement  of. 

Saint  Francis  River  from  Greenyille,  Mo.,  examina- 
tion of 

Saint  Francis  River,  Ark.,  between  Wittsburg  and 
Lester  Landing,  improvement  of 

Saint  Lonis  Harbor,  Mo.,  improvement  of 

Saint  Mary's  River,  Ohio,  examination  of . .- 

Saint  Mary's  FaUs  Canal,  Mich.,  construction  of. 

Saint  Maiy's  Falls  Canal,  Mich.,  approaches  to,  sur- 
vey of 

Salem  River,  K.  J.,  improvement  of 

Saline  River.  Ark.,  improvement  of 

San  Diego  Harbor,  CaL,  imj[>rovement  of 

Sandusl^  City  Harbor,  Ohio,  improvement  of. 

Sandusky  River,  Ohio,  improvement  of 

San  Joaquin  River,  Cal.,  improvement  of 

Saiitee  mvei\  S.  C,  examination  of. 

Santee  Canal,  S.  C,  reopening  o^  examination  for  .... 

SalMehatchie  River,  S.  C,  examination  of 

Sandusky  River,  near  Fremont,  Ohio,  examination  of.. 

Saugatuck  Harbor,  Mich.,  improvement  of 

Savannah  Harbor,  Ga. ,  impro  zement  of. 

Savannah  River,  Ga.,  above  Augusta,  improvement  of.. 

Savannah  River,  Ga.,  to  Augusta,  examination  of 

Say  brook  Bar,  month  of  Connecticut  River,  jetty  at.... 

Schuylkill  River,  Pa.,  improvement  of 

Scituate  Harbor,  Mass. ,  improvement  of. 

Scuppemong  River,  N.  C,  improvement  of , 

Sea-coast  and  lake  frontier  defenses 

Sebewaing  Harbor,  Mich. ,  improvement  of 

Sebewaing  Harbor,  Mich.,  resurvey  of 

Secretary  Creek,  Md.,  improvement  of 

Seekonk  River,  R.  I.,  improvement  of 

Shark  Rive^  N.  J.,  examination  of 

Sheboygan  Harbor,  Wis. ,  improvement  of 

Sheepshead  Bay,  N.  Y.,  improvement  of 

Shenandoah  River,  Va.,  and  W.  Va.,  examination  and 
survey  of 

Shenandoah  River, y a.  and  W.  Va.,  improvement  of... 

Ship  Canal  between  Delaware  and  Chesapeake  Bay, 
survey  of 

Ship  Canal  across  Bergen  Neck,  N.  J.,  survey  of 

Ship  Canal  from  Saint  Mary's  River,  Fla.,  to  the  Gulf 
of  Mexico,  survey  of 

Ship  Canal  across  Charleston  Neck,  S.  C,  examination 
for 


Shrewsbury  River,  N.  J.,  improvement  of 

Sioux  City,  Iowa,  improvement  of  Missouri  River  at. .. 

Sipsey  River,  Ala.,  examination  of.. 

Sinslaw  Bay,  Oreg.,  examination  of 

Skaget  River,  Wash.  Ter.,  improvement  of 

Slaughter  Creek,  Md.,  survey  of 

Sna^-boats  on  the  Mississippi,  Missouri,  and  Arkansas 
Rivers 

Snag-boats  on  the  Upper  Mississippi,  operations  of 

Snake  River,  Wash. ,  improvement  ojf 

Snake  River,  Minn.,  survey  of 

Sodus  Harbor,  N.  Y.,  Great,  improvement  of 

Sodus  Harbor,  N.  Y\,  Little,  improvement  of 

Snohomish  River,  Wash. examination  of 

South  Fork  Cumberland  River,  Ky.,  examination  of... 

South  Haven  Harbor,  Mich.,  improvement  of 

South  Pass,  Mississippi  River,  inspection  of  improve- 
ment at 
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2247 
2105 
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1453 
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2028 
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South  River,  N.  J.,  snrYey  of 

South  Biver,  N.  J.,  improvement  of 

Southport  Harbor^  Conn.,  improvement  of 

Staten  Island,  N.  x . ;  improvement  of  New  Jersey  channel . 

Staunton  River,  Va.,  improvement  of  and  survey  of 

Stonington  Harbor,  Conn. ,  improvement  of 

Stillaquamish  River,  Wash. ,  examination  of 

Sturgeon  Bay  Canal,  Wis.,  harbor  of  refuge  at 

Sullivan's  Island,  Cnarleston  Harbor,  S.  C,  improve- 
ment at 

Sumpawamus  Inlet,  L.  I.,  N.  Y.,  examination  of 

Superior  Bay  and  entrance.  Wis.,  improvement  of 

Superior  Bay  for  harbor  improvement,  examination  and 
survey  of 

Survey  of  Northern  and  Northeastern  lakes 

Surveys  and  examinations  for  improvement  of  rivers 
and  harbors,  estimates  for 

Surveys  and  explorations  40th  parallel,  completion  of. 

Surveys  and  explorations  west  of  100th  meridian 

Susquehanna  River,  Pa.,  examination  and  improvement 
of,  above  Richard's  Island 

Susquehanna  River,  near  Havre  de  Grace,  Md.,  im- 
provement of  

Suwannee  River,  Fla.,  improvement  of 

S  wanton  Harbor,  Vt.,  improvement  of 

Swan  Cieek,  Lake  Saint  Clair,  Mich.,  examination  of.. 

T. 


Page. 


Tallahatchie  River.  Miss.,  improvement  of .' . . 

Tallapoosa  River,  Ala.,  examination  of 

Tampa  Bay,  Fla.,  improvement  of 

Tangipahoa  River,  improvement  of 

Tar^iver,  N.  C,  improvement  of 

Taunton  Kiver,  Mass.,  improvement  of 

Tchefuncte  River,  La.,  examination  of 

Tchula  Lake,  Miss.^  examination  of 

Teche  Bayou,  La.,  improvement  and  survey  of 

Tennessee  River,  above  Chattanooga,  improvement  of. 

Tennessee  River,  below  Chattanooga,  improvement  of. 

Tickfaw  River,  La.,  examination  of 

Thames  River,  Conn.,  improvement  of 

Thunder  Bay  Harbor,  Mich.,  improvement  of 

Thunderbolt  River,  Ga. ,  improvement  of 

Ticonderoga  River,  N.  Y.,  examination  of 

Toledo  Harbor,  Ohio,  improvement  of 

Toledo  Harbor,  Ohio,  for  a  depth  of  16  feet,  examina- 
tion ot 

Tombigbee  River,  Ala.,  improvement  of 

Tombigbee  River,  Ala.,  above  Columbus,  Miss.,  improve- 
ment of 

Tone's  Bayon,  La.,  closing  of 

Torpedo  defense 

Totiisky  River,  Va.,  improvement  of 

Town  Creek,  N.  C,  examination  of 

Trade  water  River,  Ky.,  examination  of 

Tread  Haven  Creek,  Md.,  examination  and  survey  of.. 

Tread  Haven  Creek,  Md.,  improvement  of 

Trent  River,  N.  C. ,  improvement  of 

Trinidad  Harbor,  Cal. ,  examination  of 

Trinity  River,  Tex.,  survey  of 

Trinity  River,  Tex.,  improvement  of 

Tuckahoo  Creek,  Md.,  survey  of 

Two  Rivers  Harbor,  Wis.,  improvement  of 
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V. 

Umpqua  Kiver,  Oieg.,  survey  of 

Upper  Colombia  and  Snake  rivers,  Oreg.  and  Wash., 

improvement  of 

Upper  Mississippi  River,  improvement  of 

Upper  Willamette  River,  Oreg.,  improvement  of. 

Urbana  Creek,  Va.,  improvement  of 

T. 

Venice,  111.,  damages  to  riparian  owners  in  front  of  town 

of 

Vermillion  River,  La.,  improvement  of 

Vermillion  River,  La. ,  examination  of 

Vermillion  Harbor^  Ohio,  improvement  of. .-..  

Vermillion,  Dak.,  improvement  of  Missouri  River  at. .. 

Vicksburg,  Miss. ,  imi>ro vement  of  harbor  at 

Volusia  Bar,  Lake  Grebrge,  Fla.,  improvement  of 

Wabash  River,  Ind.,  improvement  of 

Waccamaw  River,  N.  C,  improvement  of 

Waccamaw  River,  N.  C,  examination  of 

Wachita  River,  Ark.  ana  La.,  improvement  of 

Wacissa  River,  Fla.,  examination  of 

Wadding  ton  Harbor,  N.  Y.,  improvement  of 

Wappoo  Cut,  S.  C,  examination  for  improvement  of- .. 

Wareham  Harbor,  Mass.,  improvement  of 

Wareham  Harbor,  Mass.,  examination  of 

Warrior  River,  Ala.,  examination  and  survey  of 

Warrior  River,  Ala.,  improvement  of 

Washington  and  Georgetown  Harbors,  D.  C,  improve- 
ment of 

Washington  Aqueduct,  D.  C 

Wateree  River,  S.  C. ,  examination  of 

Water  communication  between  Saint  John's  River  and 
Charlotte  Harbor,  Fla.,  survey  for 

Water  communication  between  Norfolk,  Va.,  and  the 
Atlantic  Ocean,  south  of  Hatteras,  survey  for 

Water  communication  between  Delaware  and  Chesa- 
peake Bays,  survey  for 

Water-courses  in  Louisiana,  remarks  on  improvement  of. 

Water-way  between  Jamaica  Bay  and  ComelFs  Land- 
ing, N.  Y.,  examination  of 

Water-gauges  on  Mississippi  River  and  tributaries 

Waukegau  Harbor,  111.,  improvement  of 

Waukegan  Harbor,  111 . ,  examination  of 

West  Pearl  River,  La.,  examination  of 

White  River  between  Jacksonport  and  Buffalo  Shoals, 
Ark.,  improvement  of 

White  River,  Ark^  above  Buffalo  Shoals 

White  and  Saint  Francis  rivers.  Ark.,  improvement  of  . 

White  River  Harbor,  Mich.,  improvement  of 

White  River  Ind.,  improvement  of 

Wicomico  River,  Md.,  improvement  of 

Willamette  River,  Lower,  Oreg.,  improvement  of 

Willamette  River,  Upper,  Oreg.,  improvement  of 

Willets  Point,  N.  Y.,  Engineer  Post  and  Depot  at 

Wilmington  Harbor,  Cal.,  improvement  of 

Wilmington  Harbor,  Del.,  improvement  of 

Wilson  Harbor,  N.  Y.,  improvement  of 

Winnepesaukeo  Lake,  N.  H.,  improvement  of  outlet  of. 

Winnepesaukee  Lake,  N.  H. ,  survey  of 
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